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Abstract

Pumice is used in the polishing of dental appliances to remove surface irregularities.
It is usually used in a slurry form that is pumice powder mixed with water. In Nigeria,
the increased cost of pumice as a result of its limited supply into the country has
encouraged dental technicians to re-use pumice slurry for longer periods than
advocated when polishing acrylic dentures, whether new or old dentures which have
been worn in the mouth. Consequently, this is likely to increase cross-infection of
communicable diseases in the dental technology laboratory. Although materials such
as white sand, black sand and porcelnite can be used, literature documents that these
materials are less effective in the polishing of acrylic dentures (Areeg 2011). The focus
of this study was to use eggshells, a natural waste product, to develop and test the
guality of an alternative material to reduce the surface roughness of heat-cured acrylic

resins.

A quantitative research paradigm and an experimental research strategy were
adopted. The research design included two phases. In phase one of this study,
different characterisation techniques such as Brunnae-Emmer Teller (BET); Fourier
Transform Infrared Spectroscopy (FTIR); X-ray Diffraction (XRD); Energy Dispersive
X-ray Spectroscopy (EDX) and Scanning Electron Microscope (SEM); Transmission
Electron Microscopy (TEM); Laser Scattering Particle Size Distribution Analyser
(PSA); Thermo-Gravimetric Analysis (TGA); and Induction-Coupling-Optical Emission
Spectroscopy (ICP-OES) were used to assess the suitability of the new abrasive
material (NAM). In addition, the level of microbial contamination of the NAM was
assessed in line with the specified microbial limits for cosmetic products. In contrast,
phase two investigated the product-based quality of the NAM as an abrasive material
for removable dental appliances. There were two sample groups, that is, the NAM (test
group) and Pumice (control), and each sample group had 50 PMMA acrylic
specimens. The surface roughness (Ra) was measured using a Talysurf profilometer.
An Independent Tukey test was used to analyse the Ra values (p=0.05). A Scanning
Electron Microscope (SEM) and Optical Microscope (OEM) were further used to
support the results of the profilometer in terms of the quality of surface finish and
polish. Validity of the study was achieved following the ISO 20795-1 (2013) methods
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of preparation and fabrication of the acrylic specimens. The reliability was determined

via reproducibility and repeatability of tests.

The BET analysis showed that the NAM is predominantly a mesoporous powder. The
FTIR and XRD analyses confirmed that the NAM is pure calcite with unique water
absorbing characteristics, and is free of bacteria. The EDX and ICP-OES analyses
revealed calcium, oxygen and carbon as the major elemental composition of the NAM.
The SEM and TEM images revealed irregular shaped particles in the NAM. The PSA
analysis of the particle distribution showed the NAM to be superfine (50nm to 0.3um)
and medium (44pm powder), respectively. The TGA analysis revealed a high-grade
carbonate product in the NAM (>66.0 mass% of calcium carbonates). In addition, and
in terms of in the qualities of the NAM in reducing the surface roughness of PMMA
resins, the test group and the control group produced Ra values that were significant
different (p<0.0001). The SEM and OEM analyses further confirmed the differences
in the surfaces between the polished sample groups at different magnifications.
Overall, the control showed the highest mean average (0.1056+0.03688um), whereas
the test group had the lowest Ravalues (0.0476+0.01379).

The lowest Ra values measured with the test group indicated that the NAM improves
the surface smoothness of PMMA acrylic specimens. Notably, this study conclusively
showed that the NAM effectively reduces the surface roughness to below the threshold
limit value of 0.2um. Significantly, and in associating the Ra values to the threshold
limit value of 0.2um, the NAM produced better results than pumice. Hence the use of
the NAM as a polishing material for acrylic dentures is highly recommended. Finally
and in line the NAM being a suitable alternative to pumice as it effectively reduces the
surface roughness of PMMA specimens, future investigation into the use of eggshell

nanoparticles to develop dental prophylaxes will be encouraged.
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Chapter One - Introduction

1.1 Background and context of the Study

In Nigeria there is a limited supply of pumice, which is an abrasive material commonly
used to polish heat-cured poly methyl methacrylate acrylic (PMMA) dentures.
Consequently, the cost of purchasing pumice in Nigeria has increased considerably to
such an extent that in a personal communication on the 5 March 2014 the President
of the Association of Dental Technologists of Nigeria (ADTN), Okeke, indicated that in
an attempt to save costs Dental Technicians in Nigeria are re-using pumice slurry
(pumice powder mixed with water) for longer periods to polish new and old repaired
PMMA dentures. This adversely contributes to cross-infection in the dental technology
laboratory, as pumice is likely to be contaminated from the various polishing
processes. Hence, the limited supply of pumice and the associated factor of increased
cross-contamination in the dental laboratory prompts this study to develop an
alternative material to pumice by using eggshells.

Several authors (Tombak 2006; Henuset 2011; King’Ori 2011; Bee 2012) maintain
that the calcium of eggshells is similar to bone and teeth, hence it is used in certain
toothpastes as an abrasive cleaner for dental plaque. Similarly, and as Henuset
(2011) explained, the calcium of eggshells supports its use in the manufacture of
abrasive paper, abrading wheels, bands, and disks. This suggests that eggshells
could potentially be used in the development of a dental abrasive and polishing
material to help in reducing the surface roughness of dental prostheses. There
appears to be very little research, however, on using eggshells as an alternative
abrasive material to pumice in the polishing and finishing of PMMA dentures. This
study will endeavour to develop an alternative material where eggshells are the main
constituent of the new abrasive material (NAM). The acronym ‘NAM’ will therefore be

consigned to the new abrasive material for the rest of this dissertation.

1.2 Problem Statement
The re-use of pumice slurry to polish new and old repaired PMMA dentures has

promoted high levels of cross-contamination in the dental technology laboratory, as
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reported by several researchers (Kugel et al. 2000; Agostinho et al. 2004; Jafari et al.
2006; Vojdani and Zibaei 2006; Amaal 2011; Firoozeh et al. 2013).

In attempting to address the re-use of pumice slurry as a potential source of
contamination in dental laboratories in Nigeria, this study will use eggshells to develop
an alternative abrasive material to pumice. Equally important and from an
environmental sustainability and management perspective, using the NAM to polish
dental appliances strengthens the economic benefits associated with using natural
waste material, which is high on the global agenda for a greener environment. Part of
this enquiry is to further ensure that the new developed material complies with the
international standards for quality management and quality assurance (ISO 9001 or
equivalent). Ultimately, and in line with criteria recommended by Foster (2012), this
will ensure that the new dental abrasive material is safe to use, affordable, reliable,

and of good quality to meet its intended purpose.

1.3 Aim of the Study and Research Objectives
The aim of this study is to develop and test the quality of an alternative material
(eggshells) to pumice, for reducing the surface roughness of heat-cured acrylic resins.

Research Objectives: The objectives of this study are in two phases, namely:

1.3.1 Phase One: The development of the New Abrasive Material (NAM).

1.3.1.1 To determine the physical characteristics of the NAM in terms of
crystallisation; hardness; pore volume; particle size and surface area,;
to establish the abrasive and strength qualities of the material.

1.3.1.2 To determine the levels of degradability and stability of the material
by conducting thermal analyses of the NAM.

1.3.1.3 To establish the level of bacterial contamination in order to ascertain
the microbial contents of the NAM.

1.3.1.4 Todetermine the chemical constituents of the NAM in order to identify
the different metal ions.

1.3.1.5 To determine the production costs of developing the NAM in
comparison with pumice.

1.3.1.6 To compare and evaluate the hardness, particle size, and shape of

the NAM and pumice by using the American National
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Standards/American Dental Association (ANSI/ADA) and the
American Society for Testing and Materials (ASTM).

1.3.2 Phase Two: To establish the product-based quality of the NAM in terms of

fitness for purpose’.

1.3.2.1 To measure the surface roughness of heat-cured acrylic resin
specimens by using a profilometer in order to determine the
effectiveness of the NAM as an abrasive material in comparison with
pumice.

1.3.2.2 To examine the surface characteristics of heat-cured acrylic resin
specimens polished with the NAM by using a scanning electron
microscope (SEM) in order to ascertain its quality as an alternative

abrasive material in comparison with pumice.

1.4 Research Hypothesis

Ho: The new abrasive material is not a suitable alternative pumice as it does not reduce
the surface roughness of PMMA specimens.

Hi: The new abrasive material is a suitable alternative to pumice as it effectively

reduces the surface roughness of PMMA specimens.

1.5 Rationale/Significance of the Study

The pursuit of alternative abrasive materials to pumice has generated some research
(Maalhagh-Fard et al. 2003; Alaa-ezit 2006; Bassam, Alaa and Wael 2008; Srividya,
Chandrasekharan and Jayakar 2011). Areeg (2011) recently reported that the
mechanical and physical properties of common alternative abrasive materials such as
white sand, black sand, and porcelnite were less effective than pumice in smoothing
the surface roughness of PMMA resins. Studies have indicated that the calcite form
of calcium carbonate (CaCO3) is the main abrasive constituent in dental dentifrice
(toothpaste) as it is effective in keeping teeth clean and healthy (Craig, Powers and
Wataha 2000; Manappallil 2003; Collins et al. 2005; Lynch, Bebington and ten Cate
2005; Joiner 2006; Schemehorn, Moore and Putt 2011; Anusavice and Antonson
2013; Waterfield 2013). This mineral, which is generally mined from rocks (Boron

2004; Oliveira, Benelli and Amante 2013), is naturally present in eggshells (95% by
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weight). In light of CaCOs being recognised for its abrasive properties in dentifrices,

this study aims to develop an alternative abrasive material to pumice using eggshells.

1.6 Assumptions
The following assumptions are made in relation to this study:

e The researcher has a B Tech: Dental Technology qualification, hence he has
sound laboratory knowledge and experience to polish heat-cured acrylic resins.

e All data collection instruments are valid and reliable based upon their frequent
use and calibration period at various universities.

e The new abrasive material is cheaper than pumice, hence it will be a more

viable option for dental technicians.

1.7 Delimitation

Regardless of the many brands of heat-cure acrylic resins available in South Africa,
this study will only use Vertex™ (Netherlands) heat-cure acrylic resin material.
Vertex™ was selected as a heat cured acrylic for this study because it is the product
used in the Dental Laboratory at Durban University of Technology Laboratory. It must
be noted that irrespective of the brand name, this acrylic conforms to the 1ISO 1567
(21999), which is the equivalent of ANSI/ADA specification 12 of denture base resins,
which are the recommended standards for dentures. Hence, Vertex™ heat-cured

acrylic resin is deemed appropriate for the study.

1.8 Structure of the Thesis

The thesis will be divided into five chapters. Chapter one foregrounded the context of
the study by detailing the reasons for developing an alternative material to pumice.
This steered the chapter towards the aim and objectives, hypothesis, assumptions,
delimitations and scope of the study.

Chapter 2 presents an overview of the literature on abrasive materials used for
polishing. This will include a discussion on the abrasive characteristics of pumice and
its application as a polishing material in dental laboratories. Subsequently, the

introduction and review of eggshell and its use as an abrasive material follows.
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Chapter 3 describes the research design and methodology by detailing the quantitative
research paradigm and experimental research design that is to be adopted in this

study. This will include an explanation of the pilot study and main study.

Chapter 4 presents the results on the abrasive characteristics of the NAM and pumice.
Tables, graphs and images will support the analytical results. Overall, this chapter will
provide a rigorous discussion on the NAM and pumice by comparing the surface

roughness value measured on the polished PMMA specimens.

Chapter 5 forms the final chapter and will provide the conclusions drawn from the
study. It will also identify any limitations and consider future directions for this

research.
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Chapter Two - Literature Review

This chapter reviews literature related to abrasive materials used for polishing poly
methyl methacrylate (PMMA) dentures. The review introduces pumice as an abrasive
material and explains its abrasive characteristics in terms of particle size, hardness
and shape. Subsequently, eggshell and its use as an abrasive material will be
discussed. Overall this literature review is structured into five sections. Section one
discusses the physical characteristics of pumice and its application as an abrasive
material for polishing and finishing of dental prostheses. Section two describes the
physicochemical characteristics of eggshells. It is anticipated that this will help to
support the development of the NAM as an alternative material to pumice. A
discussion follows on the different quality standards (International Standard
Organisation ISO 9001: 2008; American National Standards/American Dental
Association ANSI/ADA standards 1986, and American Society for Testing and
Materials ASTM standards C136 2006), which is the underpinning theory in the
development of the NAM. It is envisaged that understanding the physiochemical
characteristics of eggshells, particularly as they relate to its particle size distribution,
will help in characterising eggshell powder as a potential dental abrasive material. The
chapter concludes with an evaluation of the overall cost to develop the NAM,
particularly as it is a critical factor in introducing and promoting the abrasive material

to the Dental Technology industry.

2.1 The Abrasive Characteristics of Pumice

Several studies (Ugur 2003; Alaa-ezit 2006; Bassam, Alaa and Wael 2008; Areeg
2011; Srividya, Chandrasekharan and Jayakar 2011; Hess 2014) have reported on
pumice in terms of its chemical constituents, physical (hardness and particle size) and
mechanical characteristics (porosity; crushability; and light weight). According to
Turhan and Gunduz (2008: 332) the powdered form of volcanic rock is called pumice
and comprises of 60-67% Silica (SiO2), 13-17% Alumina (Al203), 7-8% Sodium oxide-
Potassium oxide (Na20-K20), with minimal amounts of Iron oxide (Fe203), Calcium
oxide (CaO), and Titanium Dioxide (TiOz). As reported by Li, Yang and Zuo (2010)
and Orense and Power (2013), the physical characteristics of pumice enables it to be
crushed and compressed into powder. Consequently this has promoted its use as an
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abrasive polisher, particularly in reducing the surface roughness of PMMA dentures

and orthodontic base plates.

Significantly, Quirynen and Bollen (1995) and Al-Kheraif (2014) reported that using
pumice (coarse CL-60) to mechanically smooth PMMA dentures produces a surface
roughness less than the threshold value of 0.2um, thereby reducing the retention of
food debris and bacteria on PMMA dentures. In turn, and as indicated by other authors
(Kuhar and Funduk 2005; Moura et al. 2006; Satpalty, Dhakshaini and Gujjari 2013),
plaque formation together with its negative effects on both the teeth and periodontal
tissues is further minimised. This aligns with Anusavice and Antonson (2003; 2013),
Morgan (2004) and Rahal et al. (2004), where the 0.2um threshold value was shown
to be an important indicator for patient comfort and denture longevity. The work by
the aforementioned authors therefore suggests that developing an alternative abrasive
material using eggshell is important to smoothen dentures processed with PMMA.

According to Areeg (2011: 51) and Bassam, Alaa and Wael (2008: 283) the physical
properties of an abrasive material, such as particle size and hardness, are directly
proportional to the quality of the surface roughness. Similarly, and as explained by
Anusavice and Antonson (2013), the strength of an abrasive material relates to the
hardness of the material. They defined hardness as the resistance of a material before
it is plastically deformed by being indented or scratched by another material. Hence,
if an abrasive material is too hard, or if the particle size is very coarse, the quality of
the surface roughness will be affected as deep scratches result. This study will take

cognisance of the particle size when developing the NAM.

Additionally, Anusavice and Antonson (2013) argued that if an abrasive material does
not have the correct particle shape, or does not break down into newly sharp-edged
particles, the quality of the polishing materials will be compromised. This is consistent
with Bassam, Alaa and Wael (2008), who demonstrated that smaller particle sized
abrasive materials facilitates the polishing mechanisms by rapidly wearing away
surfaces to expose newly-formed sharp materials needed to decrease surface

roughness.

O’Brien (1997; 2002) and Manappallil (2003) also maintained that irregular sharp
particles abrade surfaces more rapidly than more rounded particles, which leave duller
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cutting angles. The advice of the aforementioned authors will be considered when
developing the NAM. It is noted that particle shape is dependent upon the ball milling
process and cognisance is taken of the abrasion of these particles will cause on the

surfaces.

Although pumice effectively smoothens denture surfaces, Bassam, Alaa and Wael
(2008) contend that the amount of surface smoothness depends on the variation in
the mineral composition of pumice. They elaborated that different companies produce
pumice of different surface roughness values. This suggests that the characteristics
of pumice such as patrticle size are an important factor in terms of producing a PMMA
denture with a high polish. This resonates with the work conducted by Rizzatti-
Barbosa et al. (2006: 979). They explained that finer particle sized pumice improves
surface smoothness, and promotes a higher shine, of PMMA dentures. The next

section will therefore review the characteristics of eggshell, particularly its particle size.

2.3 Physicochemical Characteristics of Eggshell

Generally, and as posited by Giron (1998;2002), Daengprok, Garnjanagoochorn and
Mine (2000), Jay (2000), Campos et al. (2004), and Cardosa et al. (2005), eggshells
are texturally hard and porous as they protect the chicken embryo from
microorganisms. According to Freire and Holanda (2006: 244) the porousness of
eggshells makes it possible to crush them to various particle sizes ranging from 2 to
900 microns (um). Consequently, the eggshell powder that is produced can be widely
used as an abrasive material. Furthermore, and as explained by Henuset (2011), the
temperature and time taken to process eggshells into powder changes its chemical
and physical properties. He asserted that the chemical composition of eggshells,
particularly the calcite of the calcium carbonate, contributes to the abrasive properties.
Importantly, and as Siriprom et al. (2014) demonstrated, the properties of eggshell
changes when heated at 900°C. Oxides are released, thereby changing the structure
of calcium carbonate. Their work corroborates with Murakami et al. (2007), who
asserted that calcium carbonate maintains stability up to 600°C, however between
601°C and 770°C carbon dioxide, and subsequently calcium oxide, is released. The
aforementioned heating temperatures will be considered when developing the NAM.

In addition, and resonating with Mitchell (2005) who found that the high calcium
content make eggshells insoluble in water. Brand-Garnys (2014) recently
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demonstrated that calcium carbonate does not dissolve easily in water. Oliveira,
Benelli and Amante (2013) and Rahman et al. (2014) have therefore advised adding
sodium lauryl sulfate to eggshell powder to improve its solubility in water. Their advice
supports the argument of several studies (He and Yalkowsky 2006; Remenar et al.
2007; Aburub, Risley and Mishra 2008; Seedher and Kanojia 2008; Li, Qiao and
Wang 2013), which indicated that sodium lauryl sulfate helps to increase solubility and
dissolution rates of pharmaceutical products. The advice given by the aforementioned
authors is pertinent to this study, particularly in terms of ensuring that the NAM is it
for purpose’. In terms of particle size, Chen (2008) showed that eggshells crushed to
particle sizes between 0.1um to 10nm produced an ultra-fine powder that was used in
toothpastes and cosmetics. Tsai et al. (2008) also reported that eggshells crushed
into finer powder promotes its use in biomaterial fields. Recently, Brand-Garnys
(2014) revealed that eggshell particles between 74um and 595um are abrasive agents
in skin-care products. This study therefore intends to use different particle sizes when
developing the NAM, in accordance with the various quality standards such as
ANSI/ADA specification No. 37 (1986) and ASTM C13 (1996; 2006).

Apart from the particle size, and as asserted by Lowell et al. (2004), the physical
properties of powder materials are influenced by its shape and degree of porousness.
Stachowiak et al. (2005) elaborated that the shape of the abrasive powder (Figure 1)
is directly proportional to the abrasive wear rate, which is an important factor when
describing particle angularity or sharpness. Their report corroborates with the earlier
work of Mikli et al. (2001), who confirmed that an increase in particle angularity
simultaneously increases the abrasive wear rates. This study will be characterising
the particle shape of the NAM, as it directly influences the rate of abrasion.
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Angular: Shape edged or having Spherical: globe shaped

roughly polyhedral shape.
Rounded (or Modular): Having

Cubic
rounded, irregular shape

Spongy/lrregular: Lacking any Flakey: Plate-like
symmetry

Acicular: Needle-shaped
Cylindrical/Crystalline: Freely
developed in a fluid medium of
geometric shape

Other Shapes:
Flakey: Regularly or irregularly thread-like.
Granular: Having approximately an equidimensional irregular shape.

Figure 2-1: Characterisation on the shape of abrasive powders
(adapted from Groover (2002)).
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2.4 Microbial Content of Eggshell

Shawkey, Pillai and Hill (2003) and Sweeney, Lovette and Harvey (2004) emphasised
that incubating eggshells potentially reduces the build-up of harmful microorganisms.
Consistent with them, Cook et al. (2005) maintained that incubation reduces humidity
and precipitation, thereby minimising the survival of most pathogenic micro-

organisms. Hence, eggshells to be used in this study will be thermally treated.

According to Suzuki et al. (2006: 1) thermal treatment of eggshells at temperatures
around 350°C prevents the growth of bacteria such as Pseudomonas, Listeria,
Monocytogenes, E-coli yeast, and Lactic acid. They further reported that eggshells
heated around 350°C converts zinc carbonates to zinc oxides. This effectively acts
as an antibacterial agent. Suzuki et al. (2006) further showed that heating eggshells
at 600°C converts magnesium carbonate to magnesium oxide, which functions as a
bacteriostatic agent. Equally important, and as reported by several authors
(Radkowski 2002; Hardy 2004; Botey-Salo et al. 2012; Gole et al. 2014), the growth
of salmonella on eggshells, which is the main cause of food poisoning, increases at
lower temperatures. Contaminated environments exacerbate the transmission of
salmonella through the pores of eggshells, as posited by Fajardo et al. (1995),
Miyamoto et al. (1998), and Aygun, Sert and Copur (2012). Hutchison et al. (2004)
and Messens et al. (2011) believed that washing eggshell reduces salmonella
contamination, however Gole et al. (2014) showed that the survival rate of salmonella
on washed and unwashed eggshell surfaces was more or less the same. This is
consistent with the earlier work by Kim and Slavik (1996) and Wang and Slavik (1998),
where using inappropriate chemicals to wash eggshells promoted pathogenic bacteria
to penetrate the surfaces of eggshells. Significantly, and in line with other studies
(Zeidler 2001; Hutchison et al. 2003; Hutchison et al. 2004), eggshells should therefore
be washed with clean water containing detergents and a commercial chlorine

compound to reduce microbial growth.

The methods of washing and thermal heating of eggshells is imperative to the
development of the NAM. Additionally, Musgrove et al. (2004; 2005), Harbrecht and
Bergdoll (2006) and Chousalkar et al. (2010) reported that E-coli, a toxin-producing
bacteria, is present in crushed unwashed eggshells. In order to evaluate the presence

of salmonella and E-coli, and in line with the International Standard Organisation (ISO
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21149 and 16212); the Danish Environmental Protection Agency (DEPA) (Detmer et
al. 2010); the Chinese Medicine Board (2004) guidelines for product safety; and the
Food and Drug Administration (FDA) (2001), microbial testing of the NAM will be
conducted. The aforementioned quality standards will be used in the preparation of

the NAM and will provide the point of departure for the next section.

2.5 Standards for Powdered Abrasive Materials

The ANSI/ADA (1986) standards manual provides a uniform means of categorising
and labelling all powdered abrasive used for dental purposes. This is done according
to the distribution of particle size. The manual also outlines the various types of pumice
that are used intraorally as dental prophylaxes for polishing tooth enamel, as well as
in the polishing and finishing of dental prostheses. Anusavice and Antonson (2013:
238) have broadly categorised four particle sizes of abrasive materials, namely:
coarse; medium coarse; medium fine and superfine. In reviewing the literature on
particle size, and as illustrated in Table 2, it is worth nothing that there are subtle
differences in particle size between these categories. The ASTM E11-04 (2004)
covers the requirement for design and construction of testing sieves using a medium
wire cloth (Figure 2-2), mounted in a frame for use in classification of abrasives
materials according to designated particle size. This will be considered when sieving
the NAM.

Table 2-1: Particle size categories of abrasive materials.

Federation of

Par_tlcle ASTM C136 European producers '?‘NTQ'I/A,DA :':md_

Size i ) O’Brien’s criteria
(1996; 2006) of Abrasives (1997: 2002)
(FEPA 32 F: 1971) '
Very coarse 1.68-2.83mm

Coarse 0.50-1.19mm 1.00-1.41mm 100-500 pm

Medium 0.15-0.40mm 0.30-0.40mm 10-100 pm
Fine 0.045-0.18mm 0.13-0.18mm 0-10 pm

Very fine 0.008-0.047mm 0.003-0.004mm
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Figure 2-2: Screen mesh for characterising particle sizes
(adapted from Groover (2002)).

With reference to hardness, Chandler (1999) and Marinescu et al. (2013) have
reported that there are no known standards for hardness available for abrasive
materials. Consequently, O’Brien (2002), Manappallil (2003) and Anusavice and
Antonson (2013) therefore proposed that the abrasive material be harder than the
substrate as a useful guideline to facilitate efficient polishing and finishing.  Equally
important, Anusavice and Antonson (2013: 238) recommended using a Mohs,
Knoop’s, or Vicker’s hardness test, while O’Brien (1997; 2002) advised using a Brinell
hardness test to determine the hardness value of dental abrasives. Furthermore, the
seminal work of Friedrich Mohs (invented in 1820), a German mineralogist, ranked ten
minerals from one to ten based on their scratch resistance in relation to one another
(Table 2). Contrary to this, Anusavice and Antonson (2013) suggested using Knoop
and Vicker tests to quantify the hardness of materials, which involves applying an
indenter into the surface of a material under a known load (usually 100 Newtons).
Subsequently, the depth of surface penetration determines the hardness value
measured in units of force per unit area. The different hardness instruments will be

considered when testing the hardness of eggshells.
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Table 2-2: Comparison of hardness values of dental materials and abrasives.

Hardness value

Brinell
hardness

Knoop Vickers
hardness hardness (KgF)
(Kg/mm?) (Kg/mm?) 9

Material Mohs
Hardness

Talc 1 ) i
Gypsum 2 ) 12 i
Denture base resin 2-3 20 i i
Calcite 3 135 )
Dentine 3-4 70 57-60 48
Tripoli 6 ) i i
. 6-7 460-560 - -
Pumice
. 6-7 560 430 -
Porcelain
Tin oxide 6-7 ) i i
Sand 7 ) ) )
Cuttle ! 800 i i
ouartz 7 820 ; 600
Zirconium silicate 75 ) i i
Garnet 8-9 1,350 - -
Corundum 9 2,000 ) )
10 7,000-- i Above
Diamond 10,000 5,000

2.6 NAM: Validating ‘fitness for purpose’

Trullols (2006: 26) asserted that the process of assessing the performance criteria of
any material relates closely to the concept of ‘fitness of purpose’. The International
Union of Pure and Applied Chemistry (1998) (in the orange book) defines this as the

“....degree to which data produced by measurement process enables a user to make
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technically and administratively correct decisions for a stated purpose”. Similarly, and
as van der Vleuten et al. (2012) moots, fitness for purpose’ is a functional definition of
quality as it refers to the concept of contributing to the achievement in assessment of
quality of a product. In order to validate the product-based quality of the NAM in terms
of fitness for purpose’, analytical evidence by way of measuring the surface roughness
of polished PMMA will provide ... “confirmation that the product meets its intended

use” (International Standard Organisation 2005).

Significantly, Anusavice and Antonson (2013) elaborated that the quality of the surface
finish and polish can be characterised by the measuring the surface roughness of a
PMMA using a profilometer, an optical microscope, or a SEM. In the last decade,
literature has documented the wide use of the profilometer in measuring surface
roughness (Bassam, Alaa and Wael 2008; Corsalini et al. 2009; Abuzar et al. 2010;
Areeg 2011; Srividya, Chandrasekharan and Jayakar 2011; Dutta and Maria 2012)
thereby supporting its use in this study. Field (2012: 25) described that profilometry
can measure the surface roughness directly or indirectly using a contacting stylus and
a laser profilometer, respectively. It is worth noting that the current ISO 5436-1 (2001)
advised using the stylus profilometer. Stachowiak, Batchelor and Stachowiak (2004),
Abuzar et al. (2010), and (Srividya, Chandrasekharan and Jayakar 2011) explained
that stylus profilometry measurement involves traversing the surface with a diamond-
tipped stylus, usually at a fixed radius 1.5-2.5um. As highlighted by the ISO 3274
(1975) standard manual, the chisel-point tips (0.2um x 2.5um) are mainly used for
detecting raised areas on a surface, whereas the conical tips are almost exclusively
used for micro-roughness measurement. Stachowiak, Batchelor and Stachowiak
(2004) also reported that the loading weight on the stylus ranges from 0.05-100mg.
The surface roughness of the PMMA specimens in this study will be measured using
a contact stylus profilometer. Essentially, this will validate one of criteria product

guality of the NAM in terms of its fitness for purpose’.

Furthermore, Abuzar et al. (2010) observed that the vertical displacement of the stylus
is measured as the surface variation, usually measuring from 10nm to 1mm. Field
(2012) showed that the vertical motion is dragged across the surface and is
transformed into an analogue/digital signal. Consequently, the stylus is in perpetual

contact with the surface that is being measured. Although this is often an advantage
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where a large vertical range is possible (typically 2um to 250um) there is a risk,
however, of the diamond tip causing damage to the specimen. Silikas et al. (2005),
Teixeira et al. (2005), Attin (2006), and Janus et al. (2010) advised that to maximise
the way in which surface characteristics are reported a combination of more than one
technique should be used. Consistent with them, Kuhar and Funduk (2005) and
(Santos, Soo and Petridis 2013) also advocated using combined techniques. For
example, this study will be using a profilometer and SEM to strengthen the assessment
of the fitness for purpose’ of the NAM.

According to Field (2012: 31) SEM involves the scattering of electrons at the specimen
surface and the resulting signal received provides information about the surface
topography and composition. He asserted that SEM images have a large depth of
field (all parts of the image are in focus, despite their different depths) and can
therefore yield high resolution 3-D images. For conventional SEM, and as propounded
by Faria et al. (2008), the surface must be coated with a material that is electrically
conductive to prevent the accumulation of electrostatic charge. This material is usually
gold, and the specimens will undoubtedly be irreversibly altered during the desiccation
and sputtering process. Gold—sputtering the specimen is pertinent to this study,

particularly when microscopically characterising the PMMA specimens.

2.7 Quality Management and Assurance of NAM

Quality assurance is a way of preventing defects in a product, while simultaneously
avoiding problems when the product is used for its intended purpose. The ISO 9000
(2005) pointed out that quality assurance is part of quality management focused on
providing confidence of the of product quality. Quality management therefore
subsumes ‘fitness for purpose’ as it ensures superior quality products and service
delivery. There are quality parameters that therefore need to be considered when
developing the NAM.

Garvin (1984 cited in Foster 2012) found that most definitions of quality were either
transcendent, product-based, user-based, manufacturing-based, or valued-based.
Transcendent quality, by contrast, is something that is intuitively understood but nearly
impossible to communicate, such as beauty or love. He further described that product-
based quality is found within the components and attributes of a product, whereas

user-based quality depends on the customer’s satisfaction. If the customer is satisfied,
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then the product is of a good quality. From a manufacturing perspective, Garvin (1984
cited in Foster 2012: 5) defined quality of a product as conforming to the design
specifications thereby making it a product of good quality. The value-based dimension
of a product is when a product provides good value for money. The product-based
guality dimension is pertinent to this study in terms of determining if the NAM is fit for

its intended purpose.

In addition, and in view of the aforementioned definitions of quality, Garvin (1984 cited

in Foster 2012) developed a list of eight quality dimensions, namely:

1. Performance: This is the efficiency with which a product achieves its intended
purpose. The performance of the NAM in reducing surface roughness will be
evaluated in terms of the acceptable threshold value of 0.2um (Bollen et al.
1996; Quirynen et al. 1996; Bollen, Lambrechts and Quirynen 1997).

2. Features: These are the attributes of a product that supplement the product’s
basic performance. Here, accurate measurement and characterisation of the
particle size of the NAM is significant to the quality of its performance (Basim
and Khalili 2015).

3. Reliability: This is the propensity of a product to perform consistently over its
useful design life. The reliability of the NAM will be assessed by repeatability
and reproducibility tests, particularly maintaining a threshold value of 0.2um in
the polishing of the PMMA specimens (Quirynen and Bollen 1995; Al-Kheraif
2014).

4. Conformance: When a product is designed certain numeric dimensions for
the product’s performance need to be established, such as capacity; speed;
size; and durability. These numeric product dimensions are referred to as
specifications. The conformance of the NAM will be in line with the criteria and
standards of the ANSI/ADA specifications for dental abrasive materials, as
highlighted in Table 1.
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Durability: This is the degree to which a product tolerates stress or trauma
without failing. The durability of the NAM relates to the hardness of its particle
size. The tendency of the particles to break down into newly-sharp edges will
determine its quality as an abrasive material (Anusavice and Antonson 2013).

Serviceability: This is generally determined by the ease of repair of a product.
With reference to the NAM, serviceability is the extent to which dental
technicians can easily manipulate this material during denture fabrication
processes, particularly through the use of conventional dental laboratory

equipment.

. Aesthetics: These are subjective sensory characteristics such as taste, feel,

sound, look, and smell. The aesthetics of the NAM relate to its colour and odour.

Perceived quality: This is based on the customer’s opinion on the quality of a

product.

As illustrated in Figure 2-3, and in line with ISO 9001 (2008), a quality process requires

the evaluation of information relating to products in terms of whether the product has
met its requirement for its intended use. The 1SO 9001 (2008) further outlined the

methodology known as 'Plan-Do-Check-Act’ (PDCA), which is applied to all processes

of product development for quality assurance; PDCA is briefly described as follows:

Plan: Are the objectives and processes necessary to deliver results in
accordance with customer requirements and the organisation’s policies?

Do: Is implementing the processes.

Check: Is to monitor and measure processes and product against policies,
objectives and requirements for the product, and to report the results.

Act: Take actions to continually improve process performance.
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Figure 2-3: Model of a process-based quality management system
(adapted from ISO 9001 (2008)).

The above-mentioned criterion of quality is streamlined to add value to the quality
management process. Phillips (2013) pointed out that the management process
ensures that the quality of the product is achieved the very first time. He asserted that
management process gives quality assurance to the product by preventing mistakes,
re-work, corrective actions, and a breakdown of the product when used. This is

pertinent to this study, particularly in terms of developing a NAM of good quality.

2.8. Impact of cost on the selection of an abrasive material

The selection of an abrasive material is primarily based on two broad objectives:
quality and economics. The earlier work of Snyder and Beuthin (1989) contends that
the economics of abrasives is determined by its initial cost, as well as the production

rate that can be achieved when it is used. Part of the objectives for this study, and as
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mentioned in Chapter One (Section 1.3.5.1), is to compare the cost of developing the
NAM with that of pumice. According to Anusavice and Anthoson (2013: 243) pumice
is a type of natural abrasive. Other types of natural abrasive used in dental field
include Arkansas stone; calcite; corundum; diamond; emery; garnet; quartz; sand and
tripoli. Olson (2001) argued that unlike natural abrasives the improved physical
properties associated with manufactured abrasives generally dominate the high-grade
abrasive market, which is tailored to meet user needs. Notwithstanding this, he
together with Hood (2013) further maintained that the cost is a critical factor when
selecting an abrasive material. The cost of using an abrasive material according to
Hansink (1998: 25) is mathematically calculated by using the following formula:

A*(B+C)+D+E ,
Total cost = " + F (per unit/meter square).

Where:

A — Consumption of abrasive of abrasive (kilogram/hour).

B - Cost of abrasive (per unit/time).

C - Cost of storage (per unit/time).

D - Cost of equipment and labour (per unit/hour).

E - Cost of recycling (per unit/hour).

F - Cost of reducing and controlling environmental pollution (per unit).
X - Productivity (meter square/hour).

Hansink (1998) also asserted that in comparing the cost of abrasives, parameters such
as test area (m?); time (min); consumption (kg/hr); efficiency (kh/m?); cleaning rate
(m?/hr); cost (amount/metric tonne); clean-up (amount/m?) and disposal (amount/m?)
of the abrasive usage needs to be considered. His assertion is supported by
Strumberger, Maletic and Cvecic (1999) that the amount of abrasive used depends
largely on the equipment and the final desired result. Furthermore, and according to
Foster (2012: 115), there is a correlation between how a product competes in the

market and the cost of the product in industry. Cognisance of this, together with the
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aforementioned parameters, will be taken into account when comparing the cost of the
NAM with that of pumice.

In summary, this chapter outlined the characteristics of abrasive materials in terms of
hardness, particle shape and size. These factors are fundamental in the development
of a new alternative polishing material. The foregoing reviewed literature further
highlighted the microbial considerations in producing an eggshell powder that is free
of bacterial contamination. Furthermore, standards for abrasive powders were
reviewed as it is an underpinning concept with regards to assessing the quality of a
NAM. Overall, the selection of abrasives significantly depends on the product quality
and cost of the abrasive material. The next chapter describes the philosophical stance
of the research design and methodology adopted in the present study. In particular,

the development and testing of the NAM will be discussed in detail.
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Chapter Three — Research Design and Methodology

This chapter details the research design and used in this study. The pilot study that
was conducted will first be described, particularly highlighting the development of the
new abrasive material (NAM) using eggshells. Subsequently, the methodology used
in the main study, that is the various experimental work and analyses that were

conducted, will be described in-depth.

3.1 Introduction and Background to the research methodology

Generally, research is stimulated by a number of methods such as deductive
reasoning, inductive reasoning, the scientific method of enquiry and critical thinking,
amongst others (Welman, Kruger and Mitchell 2005; Berg and Latin 2008).
Observations and inductive reasoning provided the basis for the initiation of this study.
The president of the ADTN (Okeke 2014) observed that the limited supply of pumice
prompted dental technicians to re-use pumice slurry in the dental laboratories. This
led to an increase in cross contamination in dental laboratories. Okeke (2014)
therefore advised that alternative materials to pumice need to be sourced and
investigated. Inductive reasoning revealed that the calcium of eggshells provides
abrasive characteristics that are similar to pumice (Arias et al. 2006; Jayasankar,
Mahindran and llangovan 2010; Brand-Garnys 2014), thus it could be used as an
alternative abrasive material. As this study sought to develop a new abrasive material,
a quantitative research design and an experimental research strategy was used. As
Johnson and Christensen (2008: 33) explained, a quantitative approach tests
“hypotheses with empirical data to see if they are supported”. They also maintained
that an experimental research strategy enables the researcher to manipulate the
independent variable and measure the dependent variable in order to “identify cause-
and-effect relationships” (Johnson and Christensen 2008: 33). To facilitate the
proposed research design and methodology, a two-phase methodology was deemed

appropriate: Phase One — Pilot and Phase Two — Main.
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3.2 Pilot Study: Developing and testing of the new abrasive material

As confirmed by several authors (Blanche and Durrheim 2002; Cohen, Manion and
Morrison 2007; Johnson and Christensen 2008; Thabane et al. 2010; Johnson and
Christensen 2012) pilot testing helps to increase the reliability, validity and
practicability of the research. Essentially pilot tests sharpen research procedures,
clarify the permissions and approvals needed to conduct the study, provide indicative
costs in time, and check the feasibility of the larger study.

In developing the NAM, eggshells were first collected from hatcheries and fast food
outlets within Durban, South Africa. All preparation and development of the NAM was
done at the Mechanical Engineering Material and Strengths Laboratory (Durban
University of Technology, Durban, South Africa). The Council for Scientific and
Industrial Research (CSIR) Materials Science and Manufacturing department in

Pretoria, South Africa assisted in ball milling and characterising the NAM.

As advocated by several authors (Tsai et al. 2008; Shuhadah and Supri 2009;
Hussein, Salim and Sultan 2011; Bhaumik et al. 2012; Hassan and Aigbodion 2013;
Oliveira, Benelliand Amante 2013; Brand-Garnys 2014), and in line with the American
National Standard Institute/American Dental Association specification no. 37
(American National Standard/American Dental Association 1986: 951-952) standards

for dental abrasive powders, the NAM was developed based on the formulae below:

= Washing and disinfecting of the eggshells: Eggshells were washed with
regular household detergent and subsequently disinfected by storing them for
six hours in a diluted solution of household sodium hypochlorite. This facilitated
the removal of bacteria such as Salmonella and E-coli, which are commonly

found on eggshells.

= Vacuum Drying: To burn out the membranes the eggshells were vacuum
dried for + 6-9 minutes at 250°C.

* Grinding: A motor grinder (Philips HR203®) was used to crush the eggshells
into powder (Figure 3-1).

= Addition of Additives: Linear alkylbenzene sulfonate (Surfactant; 0.06kg)
was added to the eggshell powder (1.26kg) under stirring until homogeneous

dispersion was obtained to improve its solubility in water.
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= Ball Milling: The eggshell powder and surfactant mixture was placed in a
500ml stainless jar (inner diameter of 100mm), together with stainless steel
balls (10mm diameter). Subsequently, the mixture was dry-milled in a
planetary ball mill (Retsch PM 100®). The grinding operation involved milling
for 20 minutes in a clockwise direction, and 20 minutes in an anticlockwise
direction. There was a five second interval between the milling. It must be
noted that the fine powder obtained in the first milling stage, which used 10mm
milling balls, was further ball milled to nano size using 1mm milling balls for 10
minutes (Table 3-1). The NAM was then stored in a sterile container and kept

in a cool dry place.

Figure 3-1: Eggshell transformation process: (A) Eggshells; (B) Eggshell
powder.

Table 3-1: Different stages of the Ball milling process.

Duration of Ball mill
Ball Milling diameter
(minutes) (mm)
40 400 10
10 400 1

From a quality management and quality assurance perspective, and in line with
International Standard Organisation (ISO 9001) (2008) outlined in Chapter Two, the
physical characteristics of the NAM were determined in terms of particle size;
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crystallinity; hardness; pore volume; surface area of the NAM. These characteristics

are described in the sections below.

3.2.1 Mechanical Sieving

As illustrated in Figure 3-2, and following the American Society for Testing and
Materials (ASTM C136-06) standard for sieving abrasive size, the NAM was sieved
(Labotec sieving mesh, SABS 197-1971) into different particle categories, namely:

nano; fine; and medium.

Ball
milled
Eggshells

Sieve

Figure 3-2: Sieving process: (A) wire cloth; (B) sieving mesh; (C) NAM.

3.2.2. Brunnae-Emmet teller (BET) surface area analysis

The surface area, pore volume, and pore size distribution of the NAM from each of the
particle categories mentioned above were obtained by measuring the nitrogen
adsorption—desorption isotherms at 90° for an hour and 200°overnight. This work was
carried out using a surface area and porosity analyzer (Micromeritics Co., USA; Model
No.: ASAP 2020). Brunnaer—Emmett—Teller (BET) surface area (SBET, m2/g) and
total pore volume (Vt, cm3/g at STP) were thus obtained by the Nitrogen adsorption
data. The pore size distribution was calculated based on differential pore volume of
Barrett—-Joyner—Halenda (BJH) adsorption—desorption.
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3.2.3 Fourier Transform Infrared Spectroscopy

The Fourier Transform Infrared Spectroscopy (FTIR) analysis (Perkin ElImer Universal
ATR spectrum 100 series) was used to identify the structure and the functional group
constituents’ parts of NAM. This was to confirm the presence of calcite structure in
NAM. A background scan was first performed before analysis of the samples.
Subsequently, a small quantity of NAM powder was placed on the sample holder for
analysis. It is worth noting that FTIR is an effective analytical instrument that detects

functional groups and characterising covalent bonding formation (Simonescu 2012).

3.2.4 X-ray diffraction

The X-ray diffraction (XRD) analysis was performed to observe the possible changes
in crystallinity and mineral content of the NAM. The XRD patterns were recorded using
a diffractometer Empyrean (PANalytical instrument; Co- radiation 1.54056 A°) and
analysed between 10-80° (2 theta). The voltage, current and pass time used were 40
kV, 40 mA and 1s, respectively. According to Dutrow and Clark (2008), XRD is most
widely used method for identification of unknown crystalline materials and their

mineralogical composition.

3.2.5 Laser Scattering Particle Size Distribution Analyser

The particle size distribution of the NAM was measured using a HORIBA Laser
Scattering Particle Size Analyser (PSA: LA-950). The NAM powders were dispersed
in Isopropanol and used in the funnel of the Analyser LA-950. The form of distribution
was set at manual mode. Particle size distribution was calculated on the volume basis.
Refractory index of NAM and Isopropanol were kept at 1.660-1.378, respectively.
Brummer (2008) and Basim and Khalili (2015) noted that the PSA is highly suitable for
accurate determination of particles in a range of 0.02um to 2000um. In light of their
report, PSA technique was used in this study to ensure accurate measurement,

reliability and reproducibility of the particle size distributions of NAM.

3.2.6 Energy Dispersive X-ray Spectroscopy and Scanning Electron
Microscope analysis

To analyse the elemental composition and to characterise the surface morphology of

the NAM, an energy dispersive X-ray spectroscopy (EDX) and scanning electron

microscope (SEM: S-3000N-Carl Zeiss) that operated under controlled atmospheric

conditions at 120 kV were used, respectively. EDX technique detects X-rays emitted
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from the sample during bombardment by an electron beam. The EDX X-ray detector
measured the relative abundance of emitted X-rays versus their energy. The SEM
analysis was performed to show the morphology of the particle sizes. Prior to SEM
observations, the surface of the sample was coated with a thin, electric conductive

gold film to prevent the accumulation of electrostatic charge.

3.2.7 Transmission electron microscope

As reported by Howe, Fultz and Miao (2012), Transmission Electron Microscope
(TEM) is the foremost instrument for understanding the internal microstructure of
materials at the nanometer level. In this study, TEM was used to observe the patrticle
size, shape and distribution of NAM. A very small quantity of NAM powder (three inch
of a spatula) was dispersed in 10ml ethanol and sonicated at 10kV for 10 minutes.
Subsequently, thin cross-sections of cryo-microtomed specimens were prepared
using a Leica microtome (South Africa) and placed on carbon copper grids. Analysis
was done using a transmission electron microscope (TEM -Philips CM 120 model) at
120 kV.

3.2.8 Hardness (Scratch) Test

As per Figure 3-3, four different scratch tests based upon the Moh’s hardness test
described in Chapter Two were used on the dry eggshells. This included using a
fingernail (Mohs hardness value of 2.5); PMMA resin (Mohs hardness value of 2-3);
copper penny (Mohs hardness value of 3); and a piece of glass (Mohs hardness value
of 5.5). Scratching involved pressing firmly into, and across, the surface of the

eggshells.
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Figure 3-3: Scratch test using: (A) fingernail; (B) PMMA resin; (C) copper penny; (D)
glass.

3.2.9 Thermo-gravimetric Analysis

Thermal degradation and stability of the NAM was examined using a Thermo-
gravimetric analysis (TGA). The thermal stability was measured using a TA instrument
(Thermal Universal Analyser V4.5A). The test was performed under a dry nitrogen gas
flow at the rate of 100mL/min from 20°C at a heating run of 10°C/min. According to
the earlier work of Sauerbrunn and Gill (1994), TGA measurement shows evidence
about the kinetics of material decomposition, which can be used to predict the in-use

lifetime of the material.

3.2.10 Chemical Analysis of NAM

Chemical analyses were performed to ensure that the NAM was free of hazardous
substances. This was done in line with the International Standard Organisation (ISO
9001: 2008).

3.2.10.1 Inducting Coupling Plasma (ICP) — Optical Emission Spectroscopy
(OES)

As specified by the Chinese Medicine Board (2004) for product safety technical
guidelines, ICP-OES methods were used to quantitatively determine the presence of
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toxic elements. It must be noted that ICP-OES is a type of emission spectroscopy that
uses inductively coupled plasma to produce excited atoms and ions that emit
electromagnetic radiation at wavelengths that are characteristic of a particular
element. The ICP- OES uses a flame technique with a flame temperature within a
range of 5727°C to 972 7°C. After hot plate acid digestion, three different
concentrations of the NAM were used (0.1203g, 0.1143g, and 0.10749) to be analysed
for metal ions. This entailed using 10mls of 6M HCI to digest the sample during heating
and stirring. The sample was then filtered into a 100ml volumetric flask and topped
up with distilled water. The sample was then filtered using a 0.45 micro-filter into an

ICP vial. Analysis was performed at a standard range of 2-10ppm.

3.2.10.2 High Performance Liquid Chromatography (HPLC)

It is worth mentioning that Linear Alkylbenzene Sulfonate (LAS), which is readily
biodegradable and non-toxic to humans is widely used in laundry detergent
formulation and household cleaning products (Akyuz and Roberts 2002; Okada et al.
2013). From an environmental perspective, the earlier report of Davies (1992)

indicated that LAS concentration of 30-300mg/I inhibit the growth of algae.

Following ISO Horizontal 13.0 (2001), HPLC was used for quantification and
identification of Linear Alkylbenzene Sulfonate (LAS) concentration of the NAM. This
involved dissolving 0.01g of the NAM into 50ml acetonitrile/water to produce a 200ppm
solution. Thereafter, a 20ppm solution was prepared by diluting 0.2ml from the first
concentration in 2ml volumetric flask. The HPLC method was based on reversed-
phase separation with acetonitrile/water and the phase modifier contained
NH4ClO4 and TFA. The chromatograph column was set at 4.6mm x 25cm. The

pressure was at 350 bars with a flow rate of 1ml/min.

3.2.11 Microbial Analysis of NAM

In accordance with ISO standards (ISO 21149 and ISO 16212) for microbiological
control of cosmetic products, microbial analyses were conducted to ensure that the
NAM was free from Salmonella and E-coli. In determining the total number of
heterotrophic bacteria, Nurient agar (NA-Biolab) was prepared by adding 32g Nutrient

agar powder in 1L water, followed by autoclaving. Once cooled (50°C) agar was then
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poured into 90mm Petri plates and allowed to solidify. In order to determine the total
number of fungi, Potato Dextrose Agar (PDA-Biolab) was prepared by adding 39g PDA
agar powder in 1L water followed by autoclaving. Once cooled to around 50°C the
agar was poured into 90mm petri plates and allowed to solidify.

A stock suspension of the NAM was prepared by adding 1g of powder to 10ml sterile
water. This was vigorously mixed in order to dislodge bacteria, fungi and fungal
spores. A serial dilution of the sample was prepared by transferring 1ml of suspension
to 9ml of sterile water and this was repeated until a final concentration of 0.01mg/ml
was obtained. The suspension concentrations were therefore: 100mg/ml; 10mg/ml;

1mg/ml; 0.1mg/ml; and 0.01mg/ml.

One hundred microliters of the individual prepared dilutions were spread onto six NA
and six PDA plates. Three of the NA plates were incubated at 30°C and three
incubated at 37°C. Similarly, three of the PDA plates were incubated at 30°C and three
incubated at 37°C.

As advocated by Yousef and Carlstrom (2003), the following equation was used to

determine the colony forming units/ml of sample:

CFU/mI=number of colonies X dilution factor X 10

3.2.12 Particle size comparison between NAM and Pumice
As showed in Table 3-2, the particle size distribution of the NAM was compared and
evaluated. This was achieved by using ASTM, FEPA and ANSI/ADA standards

against the particle grades of pumice produced by Hess and Navajo pumice suppliers.
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Table 3-2:  Specification for particle size distribution ASTM, FEPA and ANSI/ADA
standard.

Particle
size NAM
category

Brand of purmice

ANSI/ADA
Hess Navajo AL specification FEPA
C136 37

Not 100- 100- 500- 1000-
Coarse Assigned 900pm 800um 1190pm 100-500pm 1410pm
. 150- 300-
Medium 45pm 45um 40-75um 400um 10-100um 400um
Fine 0.3pum 21pm 5-8um 45-180pm 0-10pm 300-
Sl H H H H 400pm
. Not Not Not
very fine Assigned 2-4Hm Assigned 8-47um Assigned 3-4um
Nano-size 50nm Not Not Not Not Not
Assigned Assigned Assigned Assigned Assigned

3.2.13 Assessing the Abrasivitiy of NAM

3.2.13.1 Preparation of PMMA Specimens

Following 1ISO 20795-1 (2013), five rectangular steel disk-shaped dies (Figure 3-4)
with dimensions of 50mm x 20mm x 3mm were fabricated. The stainless-steel dies
ensured that a consistent mould was produced during the ‘flasking and packing’
procedures. Rawls (2013: 476-478) defined flasking as the process of covering a wax-
up pattern in a flask (Figure 3-5), which is subsequently enclosed in a gypsum
investing material before processing. Packing, by contrast, involves the placement of

heat cure resin material into the mould cavity (Figure 3-6).

Figure 3-4: Stainless steel dies.
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Figure 3-5: Flasking process.

Figure 3-6: Packing process: (A) prepared mould; (B) PMMA dough in
mould cavity.

Prior to packing the PMMA resin dough into the mould, cold mould seal (Wright Health
Group Ltd, Dundee, Scotland) was applied. According to Rawls (2013: 476), cold
mould seal prevents water absorption from the dental plaster into the PMMA resin
dough during processing procedures. This prevents any adverse reactions to the
polymerisation rate and ultimately the colour of the resin. Forty-eight PMMA resin
specimens were fabricated with heat-cured acrylic resins (Vertex-Dental B.V,

Netherlands®). All specimens were flasked and packed as follows:
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Following manufacturer’s instructions, a polymer/monomer ratio of 30g/10ml was used
to form a resin dough, which was hand-mixed with a spatula for 30 seconds in a mixing
bowl. Once the mixture reached the dough stage (15 minutes), it was then kneaded
and placed into the mould. From Figure 3-7, the flasks were clamped in a bench press
using slow pressure, which ensured the even flow of the resin dough within the mould.
Curing of the flasks in a water bath then followed. After the curing cycle (Figure 3-8),
and following the manufacturer’s instructions, the flasks were bench cooled for ten

minutes prior to immersing in cool water.

20 min

C

Figure 3-8: Curing cycle (A) Start curing process in hot water + Maintain water
temperature (B) Stop curing + Air cooling to ambient temperature (C)
End total curing process.
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3.2.13.2. Conventional Hand Polishing of PMMA Specimens

The PMMA specimens were trimmed with a tungsten carbide bur (Cross-cut, coarse -
ISO No. 500104237065, Bredent GmbH & Co KG) at 18,000 rpm for 1 minute and 30
seconds. An abrasive paper (CC768 Silicon Carbide, Deer Abrasives, Ridgefield, NJ,
USA) was used to smoothen all the specimens. The PMMA specimens were then
polished using different particle sizes of the NAM (Table 3-3), in order to determine
the particle size that produces the most effective surface finish. As advised by Julious
(2005) a sample size of twelve per sample group is deemed appropriate. Consistency
of the slurry was achieved by mixing 30g of the NAM with 5ml of distilled water. All
finishing and polishing was done by one operator to reduce variability in the polishing
process. All specimens were hand polished on a laboratory lathe machine (Figure 3-
9). Polishing was performed at a revolution of 1500 rpm at an interval of one and two

minutes, respectively.

As Corsalini et al. (2009) noted, surface roughness of PMMA resins is affected by the
inherent features of the abrasive material, polishing technique and the operator’s
manual skills. Although ISO 20795-1 (2013) regulates the first two factors, namely
material characteristics and polishing techniques, the standard does not provide any
details with regard to the operator’s skills. In attempting to address this, two different
operators were used to hand polish the PMMA specimens for two minutes in order to
ascertain levels of consistencies in the polishing procedures. As shown in Addendum
6, statistical differences were found in the Ra values between different operators.

Hence, automatic polishing procedures were used in the main study.

Table 3-3: Different particle sizes of the NAM.

Particle Number Speed
Samp'e size CEY)
Group Spemmens

Nano-size 50nm 1500
Fine 0.3 um 12 1500
Medium 245 um 12 1500
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Figure 3-9: Conventional polishing lathe machine: (A) NAM slurry in a trough; (B)
pumice slurry in a trough.

Figure 3-10: Conventional hand polishing: (A) Operator 1 and (B) Operator 2.

3.2.13.3. Surface analysis of polished PMMA specimens

The surface roughness (Ra values) of the PMMA specimens were analysed using a
Wintrace surface analysis system (Taylor Hobson®). The profilometer was calibrated
with a cut-off filter 0.8mm, together with an evaluation length of 4.00mm and a range
of 5.1um. Five Ra value measurements of surface roughness were performed for each
specimen, and the mean average was used for the statistical analysis.

In addition, qualified dental technicians (n=8) were purposively selected from the
Dental Sciences Department at the DUT, to further validate the NAM by assessing the
surface smoothness of the PMMA specimens at first glance. The small number of
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gualified dental technicians in the Dental Science Department, DUT, supported census
sampling (Check and Schutt 2012: 96). As shown in Addenda 1 and 2, ethical
clearance and permission to conduct the study was obtained from the Research
Higher Degrees Committee (RHDC) of the Faculty of Health Sciences at the DUT, and
the Institutional Research Ethics Committee (IREC), respectively. Written consent
was obtained from each participant, who were assured anonymity (Addendum
3). Participants used a rating sheet to record their assessment of the PMMA
specimens (Addendum 4).

Figure 3-11: Polished PMMA specimens.

3.2.13.4. Statistical analysis

Using SPSS (Version 23®), a Shapiro-Wilk test was used to determine the normality
of the Ra values. One-way analysis of variance (ANOVA) was used to compare the
polished surfaces of the PMMA specimens. The ANOVA parametric tests can be used
to identify the mean differences and for testing any significant differences of more than
two variables (Cunningham and Aldrich 2012). Tukey and a Bonferroni tests were
also done to determine any significant differences in the polished PMMA specimens
by the two different operators. The level of significance used to determine the mean
differences was 0.05. Using Microsoft Excel (Version 2013®), the participants’
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assessments of the polished PMMA specimens were analysed. The results of their

ratings are presented in bar graphs (Addendum 5).

3.2.14 Cost comparison of the NAM and Pumice

The total estimated cost for the NAM and Pumice were calculated as follows:

e The PMMA test areas were measured in accordance with the rectangular steel
disk dies (Figure 3-4).

e Time for polished was set at two-minute intervals for all samples.

e Prior to polishing, dry powder NAM and pumice used were measured. Post
polishing, the used NAM and pumice were measured to determine the

consumption rate.

e The efficiency of the NAM by comparison with pumice was calculated using the

formulae F/E x 100, where:

F- Number of sample polished x Standard allowed minutes for

polishing.
E- Number of operator x Working hours x 60.

e Production costs were calculated based on the estimated cost of the surfactant
additives, which was R28.45. Addendum 5 shows the production cost estimate
for pumice that is R157.68.

e Finally, the total estimated cost for the NAM and Pumice was calculated as

follows:

Total cost = Consumption x Cost of abrasive/Efficiency.
(Hansink 1998).

3.2.15 Overview of the pilot study

This section summarises the findings of the pilot work.

» No statistical differences were found between the PMMA specimens polished

at one and two minute intervals. In spite of this, the lowest Ra value was
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obtained at two minutes (Addendum 6). Hence, this time was selected for the

main study.

= The fine particle size of the NAM revealed the lowest Ra value. This particle
size was used to polish the PMMA specimens for the main study. This was
further verified by qualified dental technicians who assessed the PMMA

specimens (Addendum 6).

= To minimise differences in Ra values recorded between different operators,
automatic polishing procedures were used in the main study. This helped to

maintain uniformity and consistency in the polishing of the PMMA specimens.

3.2 Main Study: To establish the product-based quality of NAM in
terms of ‘fitness for purpose’

3.3.1 Sample Size and Preparation of Samples

Somekh and Lewin (2011: 223-224) advised that 30 specimens should be used in
experiments where comparisons between two or more groups are made. In line with
their advice, and using the rectangular steel disk-shaped dies (Figure 3-4), 100 PMMA
specimens were fabricated. The stainless-steel dies were used to ensure a consistent
mould was produced during ‘flasking and packing’ procedures. All sample preparation
followed the procedure as outlined in section 3.2.13.1. There were two sample groups
of fifty specimens in each group (n=100). Fifty specimens were polished with the NAM

and the other fifty with pumice.

3.3.2 Mechanical Polishing of the PMMA Specimens
Prior to polishing, the specimens were embedded in a mounting resin (AMT

Composite™). The embedding preparation was conducted as follows:

I. A silicon mould was used as the mounting base for the composite (Figure
3-12).
.  PMMA specimens with dimensions of 15mm x 15mm x 3mm were fitted into
the mould.
. The fast setting resin was prepared in a disposable plastic cup by mixing
the part A and part B (Composite™) in the ratio 1:1, which was subsequently

poured into the mould.
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Iv.  After £2 minutes the embedded resin was removed from the silicon mould.

V.  Grinding of the embedded PMMA specimens was done using silicon carbide
papers (CC768 Silicon Carbide, Deer Abrasives, Ridgefield, NJ, USA).

VI.  Automatic polishing of the PMMA specimens then followed. This involved
using a milling tool as a mobile support for the PMMA specimens and a
micrometric advanced isoparallelometer to polish. An equal volumes of the
NAM and Navajo® pumice (4-8um) that is 60mg was mixed with 50ml
distilled water. The weight of the polishing material was controlled by using
an electronic measuring balance and the quantity of distilled water
controlled by using a hypodermic syringe. As illustrated in Figure 3-13,
automatic polishing was performed for two minutes, under 300 rpm and
500g of load (Struers Rotopol-35, Pdm force-20).

Figure 3-12: The embedding process: (A) Silicon mould; (B) PMMA
fitted to the mould; (C) PMMA embedded in a resin.

. Dosing
Mobile container
support
Milling
Tool

Figure 3-13: (A) Schematic of the mechanised polishing units; (B) Polished
PMMA resin.
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3.3.3 Sample Testing and Analysis
As mentioned in Chapter Two, to fully characterise the quality of surface finish of the

polished PMMA specimens different surface measurements were used.

3.3.3.1 Surface roughness analysis

The surface roughness (Ra values) of the PMMA specimens was analysed using a
Wintrace surface analysis system (Taylor Hobson®). The roughness parameter Ra
was measured and subsequently used for statistical analysis. As highlighted in the
ISO 4287 (1997) standard, Ra corresponds to the average peak and valley distance.
A point deserving of mention is that the profilometry calibration and measurement

(Figure 3-14) follows the procedure as outlined in Section 3.2.13.3.

Graph

Stylus

Figure 3-14: Profilometry analyses of the PMMA specimens.

3.3.3.2 Scanning electron microscope and Optical electron microscope observation

In characterising the surface morphology of the polished PMMA resins, one specimen
from each of the sample groups, namely the NAM and pumice, were analysed
microscopically using a Scanning electron microscope (Carl Zeiss®) and an optical
electron microscope (Optimus Bx45). As a proxy measure, the surface morphology
of the specimens polished with the NAM and pumice were compared against an

40| Page



unpolished PMMA specimen. This was to determine the reduction of surface

roughness at each processing stage, being grinding, smoothening, and polishing.

3.3.4 Data analysis

Statistics has two broad genres namely, descriptive and inferential. Lind, Mason and
Marchal (2002) elaborated that descriptive statistics describe, organise and
summarise a particular set of quantitative data. Although such statistics makes no
inference or predictions they are, however, useful in summarising results for an
experiment. Both Univariate and Bivariate descriptive statistical procedures were
used to analyse the data in this study. Salkied (2007) and Field (2009) pointed out
that Univariate and Bivariate is most appropriate for descriptive statistics. Bar graphs
and tables were used to present the data. Non-parametric test using Kolmogorov-
Smirnov (KS) test was used to determine the normal distribution of the Ra values.
Kinnear and Gray (2004) and Cunningham and Aldrich (2012) asserted that the
purpose of KS is to determine if the distribution of values approximates the normal

curve.

With reference to the inferential statistical analysis, Johnson and Christensen (2012)
explained that inferential statistics, by contrast, uses the laws of probability to make
inferences and draw statistical conclusions about the sample data. Basically,
inferential statistical tests are used to examine the hypothesis in a study (Creswell
2009). In testing the hypothesis for this study (Chapter One, Section 1.4), Barnes
(2011) indicated that the independent t-test is the most appropriate parametric test to
identify the mean differences, and for testing any significant differences between two
variables. The independent t-test was used to analyse the Ra values between the
PMMA specimens polished with the NAM and pumice, with p<0.05 set as statistically

significant. All analyses were performed using SPSS (Version 239).

3.3.5 Validity and Reliability

Criterion validity, which is premised on internal validity, was used to ensure the
accuracy of the data analysed. As pointed out by Leedy and Ormrod (2005), internal
validity allows accurate conclusions about cause and effect relationships within the
data. In terms of validity for this study, the 1ISO 20795-1 (2013) guidelines were

followed for the preparation, fabrication and testing of the PMMA specimens. The
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validity and reliability status of instruments and equipment have been included in

Addendum 8 on page 104.

With reference to reliability, Walker (2011) pointed out that the reliability of an
experimental procedure is determined via reproducibility and repeatability tests. As
explained by Slezak and Waczulikova (2011) and Vitek and Kalibera (2011),
reproducibility is the variability of the average values obtained by several observers
while measuring the same item. On the other hand, repeatability is the variability of
the measurement obtained by one person while measuring the same item repeatedly.
In terms of the reproducibility in this study, different dental technicians were used to
polish the PMMA specimens. In addition, the similarity in the average Ra value
measured by the number of times the polishing processes were repeated confirmed

the repeatability of the test.

Overall, this chapter detailed the research paradigm and the experimental procedures
undertaken in the study. The subsequent chapters will provide a rigorous discussion
on the study results and will consider future directions for this research.
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Chapter Four — Results and Discussion

This chapter presents the results and discussions of the pilot and main phases of this
study. The data collected for both phases were analysed in relation to the research
objectives as outlined in Chapter One, that is: to develop a New Abrasive Material
(NAM); and to establish the product-based quality of the NAM in terms of ‘fitness for

purpose’.

In phase one the first six research objectives were addressed. Here, the physical
characterisation of the NAM in terms of its crystallinity; hardness; pore volume; particle
size and surface area were established. The thermal stability and degradation of the
NAM, the degree of bacterial contamination and the different metal ions present in the
NAM were conducted. By comparison with pumice, the production cost of developing
the NAM and wusing different abrasive standards such as American
Standards/American Dental Association (ANSI/ADA) and the American Society for
Testing and Materials (ASTM) were also investigated. In phase two, the research
hypothesis outlined in Chapter One, Section 1.4, was explained in terms of assessing
the suitability of the NAM as an alternative material to pumice. In particular, a
profilometer was used to measure the surface roughness of the PMMA specimens
polished with the NAM. Scanning Electron Microscopy (SEM) was used to examine
the surface characteristics of PMMA specimens polished with the NAM. Both the
profilometer and SEM results of the NAM were compared with the results obtained
from pumice. Apart from the characterisation data, all other data were statistically
analysed in order to ascertain the quality of the NAM as an alternative abrasive
material. This chapter concludes with a summary of the data that was analysed.

4.1 Phase One - Pilot Study
It must be noted that eggshell powder without additives was used as a point of

reference when discussing the structural changes of the NAM.

4.1.1 Physical characterisation of the NAM

As shown in Table 4-1 the pore size of eggshell powder is 279nm, which is directly
proportional to its small BET surface area (0.0362 m?/g). The NAM which was ball
milled to nano, fine and medium sizes revealed 13, 16 and 14 pore sizes, respectively.

It must be noted that porous materials are classified as microporous, mesoporous and
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macroporous. As highlighted in the IUPAC notation (Rouquerol et al. 1994; Zdravkov
et al. 2007), microporous materials have pore diameters less than 2nm, whereas
macroporous materials have pore diameters greater than 50nm. The mesoporous
category hinges between the aforementioned diameters. From the results in Table 4-
1, it can be gathered that the NAM is typically a mesoporous material. This finding is
consistent to the earlier work of Filio et al. (1994), in that the mechanochemical effects
associated from ball milling granular material causes a reduction in particle size and
changes to the microstructure overall. The BET results further suggest that the

abrasive characteristics of the NAM are similar to pumice (Chapter 2, Section 2.1).

As highlighted in Figure 3.3 in Chapter Three, the various hardness tests used
revealed that the fingernail, copper penny, and PMMA resin did not leave any
significant scratches on the surface of eggshell. The piece of glass however, showed
an observable scratch on the surface of the eggshell with a Mohs hardness value of
5.5. It can therefore be inferred that the hardness value of eggshell is between 4 —
4.5 as it was harder than the fingernail (Mohs hardness value of 2.5), PMMA resin
(Mohs hardness value of 2-3) and copper penny (Mohs hardness value of 3). The
hardness value further suggests that the surface roughness will be effectively reduced
as it is further than the Mohs hardness value of denture base resin, which is 3. This
is consistent with Anusavice and Antonson (2013), that the farther apart the hardness
values between the abrasive (NAM) and substrate (denture base resin) then the higher
the abrasion.

Table 4-1: BET surface characterisation of Eggshell Powder and NAM.

BET surface area Pore size Pore volume
Materials > 3
m?/g cm3/g

Eggshell powder 0.0362 0.002527
NAM-nano 2.3598 13 0.010676
NAM-fine 1.5296 16 0.007862
NAM-medium 1.0656 14 0.004957

44| Page



4.1.2 Structure, Crystallinity and Mineral Content in NAM
As illustrated in Figure 4-1, the FT-IR spectra for eggshell powder and the NAM
measured with several bands from 4000 cm to 380 cm™.
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Figure 4-1: FT-IR Spectra - (A) eggshell powder; (B) NAM.
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A prominent absorption peak of carbonates was observed at 1405.50 cm-2, which is
associated with the carbonyl group. Carbonate based materials are commonly
detected by the broad stretching frequency of the C=0 in carbonates ions around 1416
cm* (Mosaddegh and Hassankhani (2013). Furthermore, the FT-IR graph shows the
absorption peak of calcite at 712.76 cm™ and 873.53 cm®. These were attributed to
asymmetric and symmetric stretching, out-of-plane bending and in-plane bending
vibration modes for calcium carbonate (CO3s?) molecules. This supports the work of
several authors (Tsai et al. 2006; Yao et al. 2013; Feng et al. 2014; Bashir and
Manusamy 2015), where the absorption peak of calcite was reported to be between
712 cm™*and 876 cm™ of CO3?. It can therefore be inferred that the ball milling process

does not negatively impact on the carbonate structure of the NAM.

From Figure 4-2, the XRD pattern of eggshell powder and the NAM had characteristic
diffraction angles at 27.5°, 34.5°, 42.5°, 46.5°, 50.5°, 56°, 57°, 67°, 68°, and 72°. The
characteristic peak around 34.5° (26) indicates that both eggshell powder and the NAM
contain a thermodynamically stable calcite crystalline structure. This crystalline
structure is similar to the crystalline structure of calcium carbonates as reported by
Murakami et al. (2007) and Mosaddegh and Hassankhani (2013).
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Figure 4-2: XRD pattern showing crystallinity of: (A) eggshell powder and (B) NAM.
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The XRD pattern shown in Figure 4-3 revealed differences in the mineral content of

eggshell powder and the NAM.
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Figure 4-3: XRD pattern showing mineral content of: (A) eggshell powder (B) NAM.

Table 4-2 shows that eggshell powder and the NAM have different mineralogical
compositions. It is worth noting that during crushing of the eggshells into powder,
apatite was formed by the interaction of calcium carbonate and moisture (H20). This
finding corroborates with Oliveira, Benelli and Amante (2013), that calcium hydroxide

(apatite) is formed as shown by the chemical equations below:

1CaCOs3 — CaO + CO2

2Ca0 + H20 —*  Ca (OH)2

!Calcium Carbonate (CaCOs) decomposes into calcium oxide and carbon dioxide.
2Calcium oxide and water reacts to form calcium hydroxide, also known as apatite.
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Table 4-2:  Mineralogical composition of eggshell powder and NAM as determined
by XRD analysis.

Mineral Chemical Eggshell powder NAM
formula

Calcite CaCOs 97.1% 97.3%
(Ref. Code 98-004-0543)3 (Ref code.98-007-9674)
Apatite Ca(OH): 0.8% Absent
(Ref code 98-015-1680)
Graphite C 2.1% 1.3%
2H (Ref code98-004-0543) (Ref code. 98-005-2230)
Thenardite Na2S04 Absent 1.4%

(Ref code. 98-002-7654)

The presence of the mineral thenardite in the NAM, as represented by the XRD pattern
in Figure 4-3, is attributed to the formation of sodium sulphate (Na2SOa4). This
compound was formed by the surfactant interacting with the eggshell powders during
ball milling. A point deserving of mention is that thenardite occurs naturally as an
anhydrous sodium sulphate and is known to provide good stability and high solubility
in water. As shown by the XRD pattern (Figure 4-3), it can be inferred that the NAM
will be soluble in water. This is critical, as abrasive material is generally used in slurry
form when polishing removable dental appliances. Furthermore, XRD analysis of
eggshell powder and the NAM revealed distinct calcium carbonate patterns thereby
indicating that both materials have high levels of carbonate (Figure 4-3). This is
different from mined and precipitated calcium carbonates, which usually have

undesirable concentrations of other elements (Brand-Garnys 2014).

4.1.3 Micro-Analysis and Visual Characterisation of Particle size and Shape of NAM

The histograms and S-curves in Figure 4-6 represent three different particle size
distributions of the NAM. The average mean size of the NAM in Figure 4-6 A, Band C
measured 50nm, 0.3um and 44um, respectively. This measurement range in particle
size is similar to pumice (See Table 3-2 in Chapter 3 and Addendum 7) and is in line
with ASTM, FEPA and ANSI/ADA recommended standards for abrasives. From a

3 The numbers cited are International Centre for Diffraction Data (ICDD) reference codes, which serves
as the reference standard for XRD analysis. This code helps to identify organic and inorganic crystalline

material.
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dental material science perspectives, it can be gathered that the 50nm and 0.3um
particle sizes can be characterised as a superfine dental abrasive material. The 44um
particle size can be typified as medium dental abrasive material. This is consistent
with Anusavice and Antonson (2013).

The SEM images (Figures 4-5 and 4-6) showed that the NAM particles are irregular in
shape with a sponge-like structure. This is further supported by the TEM micrograph
(Figure 4-7), which shows angular-shaped NAM particles. This irregular particle shape
is considered to be effective in achieving higher polished surfaces (O’Brien 2002). A
noteworthy result as depicted by the TEM image in Figure 4-8 is that the nanoparticles
are clustered together, thereby causing particle agglomeration in the NAM. This
correlates with the earlier work of Stehr (1988), in that particle agglomeration is a

common phenomenon in ball milled nanomaterials.
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Figure 4-4: Particle size distribution of NAM - (A) nano; (B) fine; (C) medium size.
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Figure 4-5: SEM images of NAM showing particle shapes and micron sizes
at different magnifications.
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Figure 4-6: SEM images of NAM showing particle shapes and nano sizes at
different magnifications.
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Figure 4-8: TEM Micrograph of NAM showing particle agglomeration.
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4.1.4 Thermal Stability and Degradation of NAM

From Figure 4-9 the TGA curves show the incidence of three thermal events within the
temperature range of 50-900°C. The first phase (65°C) is endothermic. This is
attributed to the removal of absorbed moisture from the NAM particles, which caused
a small weight loss (~ 1.0%). The second phase (550°C) is exothermic. Here, there
is a 3.7% weight loss caused by the decomposition of organic substances. The third
phase (699.14°C) is endothermic, and is linked to the decomposition of calcium
carbonate to carbon dioxide and calcium oxide. This weight loss equated to

approximately 42.4% of the total mass.
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Figure 4-9: TGA curves of NAM.

In addition, and as advocated by (de Beer et al. 2015), the equation below was used
to calculate the purity of CaCOs constituent of the NAM. Note that MW denotes
molecular weights of CaCO3 and CO2 and Wt% represents the weight loss of the

sample.

Pcacos (%) = Coz (wt %) x MWcacos/MWco2

The purity of the CaCOs in the NAM is 96.3%, which is higher than the benchmark of
90.0% for high grade CaCOs (Oates 1998). This suggests that in terms of purity the
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NAM can be used as dental abrasive material, which is demonstrated in phase two of

this study.

4.2 Metal lons in NAM

Table 4-3 and Figure 4-10 illustrate the elemental composition of the NAM. High levels
of carbon, oxygen and calcium are evident, which is attributed to the main component
of eggshells, being calcium carbonate. This result correlates with the XRD analysis in
Figure 4-3.

Table 4-3: EDX elemental
composition of NAM.

Weight in
Element percentage
% - &)
c 21.44 g
e} 53.33 ]
> 50—
Na 0.28 * 7
8 —
Mg 0.46 -
Al 0.08 ]
P 047 0 'llllllll'llllllllIIIIII[IIIIIIIII]IIII
0 2 4 6
Ca 23.93
KeV
Total 100.00 Figure 4-10: EDX spectrum of NAM.

Furthermore, and apart from the high Ca content (48%), ICP-OES measurements
revealed low traces of Al, Mg and Si in the NAM (Table 4-4). The high content of Ca
detected could be linked to the decomposition of calcium carbonates around 700°C

and the subsequent loss of carbon dioxide to the atmosphere.
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Table 4-4: ICP-OES analysis of NAM.

Al 0.05
Ca 48

Mg 0.87
Si 0.01

The HPLC identification and quantification shown in Figures 4.11 and 4.12 revealed
the presence of Linear Alkylbenzene Sulfonate (LAS). This was deducted by the
retention time of 1.83 and the peak area from chromatogram (424206.47), which is
indicative by the retention time of Linear Alkylbenzene Sulfonate (LAS). This aligns to
ISO standard 13.0 (2001). A point worth mentioning is that the -calculated
concentration of LAS in NAM was 11.19ppm. Consistent with Davies (1992), this result

indicates that the NAM is within environmental safety limits.
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Figure: 4-11: HPLC Identification of Linear Alkylbenzene Sulfonate.
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Figure 4-12: Quantification of Linear Alkylbenzene Sulfonate in NAM.

Overall, and as deducted from the foregoing section, the most salient feature is that
the NAM is a pure calcite material which is free of heavy or toxic metals. As per the
product safety guidelines of the Chinese Medicine Board (2004), European
Commission (2009) and ISO/TR 17276 (2014), the NAM is deemed to be safe to use

as an abrasive material.

4.3 Microbial Contamination in NAM

Before discussing the results on the levels of microbial contamination in the NAM, the
reason for typifying the NAM as a cosmetic product is first needed. As stated by the
DEPA (Detmar et al. 2010), a cosmetic is any substance or preparation intended to be
placed in contact with the various parts of the human body, including the teeth and the
mucous membranes of the oral cavity. In light of this explanation, and given that
removable appliances are manually manipulated by dental technicians, evaluating the
microbial limit of the NAM against the recommended guidelines for cosmetic products
is necessary. Although cosmetic products are not expected to be aseptic, Hitchins,
Tran and McCarron (2001) reported that they must be completely free of high-
virulence microbial pathogens. The total number of aerobic micro-organisms per gram
must also be low. Table 4-4 presents the microbial limits for pathogens in cosmetic

products, which is used as a guideline in this study.
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Table 4-5:  Microbial limits for pathogens in cosmetic products.

3Chinese
1 2

Total aerobic microbial count 52-102 102 30000
Total yeast and mould count 52-107 102 100
Sources:

Colony forming units/gram (cfu/g/ml)

1Food Drug Administration (FDA) (2001).
2Danish Environmental Protection Agency (Detmer et al. 2010).
3Chinese Medical Board (Chinese Medicine Board 2004).

In comparison to Table 4-5, the total heterotrophic bacterial and fungal numbers
shown in Tables 4-6 and 4-7 were extremely low or non-existent in the NAM. The
reasons for the low or non-existent microbial activity in the NAM could be attributed to
disinfecting and vacuum drying the eggshells prior to ball milling. This is in agreement
with previous findings by Sawai (2003) and Suzuki et al. (2006). Another reason for
the very low microbial count is that the predominant inorganic mineral (calcium
carbonate) is by its very nature a poor source of nutrients for microbes to colonise.
This supports the work of Sepehrnia et al. (2012), that calcium carbonate inhibits the

colonisation of bacteria.

Table 4-6: Total heterotrophic bacteria count in the NAM.

Temperature 100 10 1 0.1 0.01
p g/ml g/ml g/ml g/ml g/ml
C 0 0 0

30° 0.006 0.001

37°C 0 0 0 0 0
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Table 4-7: Total fungi count in the NAM.

100 10 0.1g/ | 0.01g
@m | @my | 9™
C 0 0 0

30° 0.013 0.014

37°C 0.17 0.015 0.001 0 0

4.4 Cost Comparison between NAM and Pumice

As outlined in Chapter 1, Section 1.3, an objective of the study was to illustrate the
overall cost of pumice and the NAM. Using the mathematical calculation highlighted
in Chapter 2, Section 2.8, Table 4-8 presents the cost of production between the two
abrasive materials. Evidently, the costs associated in developing the NAM were much

lower than pumice, thereby proving to be a more viable alternative.

Table 4-8: Production costs of the NAM and Pumice.

Test Area (m?) 50mm x 20mm x 3mm 50mm x 20mm x 3mm
Time (Min) 2 2

Consumption (Kg/hr) 1.8 1.8

Efficiency (Kg/m?) 1.7% 1.7%
Abrasive rate (m2/hr) Constant Constant
Cost (Rand/per Kg) R28.45 R157.68

Disposal (tonne) Constant Constant

Total cost (R/m?) R1779.4 R16695.5

Note: The abrasive rate and disposal cost of NAM and pumice were both constant.
Hence, these costs would not have impacted on the Total cost calculated for NAM and
pumice.
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Overall, Phase One was premised on characterising an alternative abrasive material
synthesised from eggshells in order to ascertain its use as an abrasive material. Both
FTIR and XRD analyses confirmed that the NAM was pure calcite with unique water
absorbing characteristics, and is free of bacteria. The enhanced physical and
chemical characteristics of the NAM confirms the product's application as an
alternative abrasive material to pumice to polish removable dental appliances. The
TGA analysis further indicated that the high grade carbonate in the NAM is
thermodynamically stable, which makes it suitable for use as an abrasive product. The
next phase tests the research hypothesis by demonstrating the qualities of the NAM

in reducing the surface roughness of PMMA resins.

4.5 Phase Two — Main study

4.5.1: Surface roughness analysis

Figure 4-13 illustrates the surface roughness value of the PMMA specimens at each
abrasive application stage, that is: grinding the specimens with a tungsten carbide bur;
smoothening the specimens with silicon carbide; polishing the specimens using the
NAM; and polishing the specimens using pumice. The surface roughness of the
PMMA specimens at each abrasive application stage was significantly different

(p<0.001).
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carbide bur carbide

Abrasive process

Ra (um)

Figure 4-13. Mean difference of surface roughness reduction at each
processing stage.
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The normal distribution of the Ra values are presented in Table 4-9. The Kolmogorov-
Smirnov (KS) test for normality revealed significant differences against the normality
of the Ravalues (p<0.05). This means that the surface roughness (Ra) value of the
PMMA specimens polished with the NAM and pumice were skewed (Table 4-10). It
can be inferred that the mechanised polishing used in the main phase ensures

uniformity and consistency in the polishing of the PMMA specimens.

Table 4-9: Normal distribution of the Ra values.

Kolmogorov-Smirnov
Polishing Degree of freedom KS

Material (df)

NAM 50 0.000
Pumice
(control) 50 0.011

The Levene’s test for equality of variance, t-test, mean, standard deviation, and
standard error results are shown in Table 4-11. As indicated by the levels of
significance, both Levene’s test and t-test revealed that the surface roughness (Ra)
values for the PMMA specimens exhibited statistically significant differences between
the NAM and pumice (p<0.0001). As illustrated in Figure 4-14, the control group had
the highest Ra mean values (0.1056+0.03688um), while the PMMA specimens
polished with the NAM had the lowest Ra mean values (0.0476+0.01379).
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Table 4-10: Surface roughness (Ra) values of PMMA specimens polished with NAM

and pumice.

PMMA Ra value of Ra value of PMMA Ra value of Ra value of
Specimen PMMA PMMA Specimen PMMA PMMA
Number specimens specimens Number specimens specimens
polished with polished with polished with polished with
NAM pumice NAM pumice
1 0.06pm 0.08um 26 0.03pm 0.12um
2 0.04pm 0.10pm 27 0.02um 0.08um
3 0.04pm 0.11pm 28 0.03um 0.08um
4 0.05um 0.09um 29 0.03um 0.08um
5 0.06pm 0.09um 30 0.03um 0.10pm
6 0.07um 0.16pm 31 0.05um 0.14pm
7 0.08um 0.13um 32 0.05um 0.12um
8 0.07um 0.13um 33 0.07um 0.12um
9 0.07um 0.15um 34 0.05um 0.12um
10 0.07um 0.15um 35 0.05um 0.12um
11 0.03um 0.06pm 36 0.03um 0.11pm
12 0.05pum 0.06pm 37 0.05um 0.11pm
13 0.04pm 0.06pm 38 0.05pum 0.13um
14 0.03um 0.05um 39 0.03um 0.11pm
15 0.04pm 0.06pm 40 0.05pum 0.11pm
16 0.07um 0.15pm 41 0.05um 0.11pm
17 0.03um 0.12um 42 0.05pum 0.11pm
18 0.04pm 0.11pm 43 0.05um 0.13um
19 0.03um 0.10um 44 0.05pum 0.11pm
20 0.04pm 0.12um 45 0.05um 0.10pm
21 0.05um 0.10pum 46 0.05pum 0.05um
22 0.06pm 0.09um 47 0.05pum 0.04pm
23 0.05um 0.15um 48 0.06pum 0.04pm
24 0.04pm 0.08um 49 0.04pm 0.03pm
25 0.04pum 0.08um 50 0.06um 0.03um
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Table 4-11: Independent sample test.

Std. Levene’s

Polishing
Material deviation

t-test

Std. Error test (p<0.05)

(p<0.05)

NAM 0.0476 | 0.01379 0.00195‘

Pumice
(control)

0.000 ‘ 0.000
0.1056 | 0.03688 0.00522‘ ‘

0.12

0.1

Ra(um)

0.08

0.06

0.04

0.02

NAM Pumice

Figure 4-14: Difference in mean surface roughness values between polishing
materials.
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4.5.2 Microscopy observations
As illustrated in Figures 4-15 and 4-16, Optical Electron Microscope (OEM) and

Scanning Electron Microscope (SEM) images of the PMMA specimens visibly
confirmed the differences between the polished and unpolished surfaces.

Polished surfaces

3 g S B 'f' o, 1., 8 v‘
Yt . o S 4“%‘ _L/(t-

gvn \-\’: <5 ’4"ﬁ““"'

SO URS S N

Figure 4-15: OEM images (x100 magnification) of the polished and unpolished
PMMA resins surfaces: (A) rimmed with tungsten carbide bur; (B)
sand-papered with silicon carbide after trimming; (C) sand paper

followed by pumice 5-8um; (D) sand paper followed by NAM
<0.3um
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Figure 4-16: SEM images (x5000 magnification) of the polished and
unpolished PMMA resins surfaces: (A) rimmed with tungsten
carbide bur; (B) sand-papered with silicon carbide after trimming;
(C) sand paper followed by pumice 5-8um; (D) sand paper
followed by NAM <0.3um.

4.5.3 Discussion of the Results

In light of the aforementioned results, the hypothesis as outlined in Chapter One,
Section 1.4, was accepted as the NAM significantly reduced the surface roughness
(Ra) of the polished specimens (p<0.001). Importantly, the Ra values of all the PMMA
specimens were below the acceptable threshold limit value of 0.2um, thereby
confirming that the NAM effectively reduces surface roughness. Contrary to harder
abrasive materials such as pumice (Mohs hardness 6-7) providing smoother polished
surfaces (Bassam, Alaa and Wael 2008; Anusavice and Antonson 2013), the results
of this study revealed that the NAM (Ra=0.0476um) is more likely to produce better
polished surfaces than pumice (Ra= 0.1056um). Arguably, the improved polished
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surfaces of the PMMA specimens could be attributed by the surfactant composition of
the NAM. As indicated in Phase One the presence of the mineral thenardite holds the

NAM patrticles tightly together, thereby quickening the abrasion process.

Moreover, the different particle sizes of the NAM and pumice (Table 3-2) contributed
to the significant differences in the Ra values. This supports the argument of Bassam,
Alaa and Wael (2008) that abrasive materials of smaller particle sizes, as present in
the NAM, quickly exposes newly-formed and sharper particles during the abrasion
process and subsequently reduces surface roughness rapidly. This conforms to the
principles of abrasion that is harder materials such as the NAM come into frictional
contact with a substrate, which in this study were the PMMA specimens.
Consequently, tensile and shear stresses are generated which facilitate a reduction of
surface roughness. Additionally, the Ra value of pumice (0.10um) reported in this
study correlates with Al-Kheraif (2014), which confirms that the mechanised polishing

method was reliable.

The OEM and SEM images in Figures 4-15 and 4-16 show visible differences in the
polished PMMA specimen surfaces at different magnifications. The low magnification
of the polished PMMA specimen surface in Figure 4-15 showed no visible scratches.
In contrast, and at a higher magnification (Figure 4-16), scratches were visible on the
polished PMMA specimen surfaces. This corroborates with Anusavice and Antonson
(2013) that abrasive particles in the range of fine particle sizes provide lustre at a low
magnification, whereas at higher magnification scratches are detectable. The results
of this study therefore confirm that polishing processes do not necessarily eliminate
but can only reduce surface roughness. It is important to note that in clinical practice
highly smoothened surfaces are generally good indicators of surface lustre of polished

dental prostheses, which are assessed without magnification.

Overall, the salient features of this study demonstrated that the NAM effectively
reduced the surface roughness of the PMMA specimens to below the threshold limit
value of 0.2um. The Ra values also favourably linked to below the threshold limit value
of 0.2um, which suggested that the particle size of the NAM used in this study provided
clinically acceptable polished surfaces. This correlates with several authors (Quirynen
and Bollen 1995; Kuhar and Funduk 2005; Moura et al. 2006; Satpalty, Dhakshaini
and Guijjari 2013; Al-Kheraif 2014) that the lower the threshold limit value, the lesser
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will be the accumulation of plague on removable appliances. Ultimately, and by
associating the Ravalues to the threshold limit value of 0.2um, the NAM has proven to
be a better product than pumice. The next chapter will provide the conclusions drawn
from this study. This will include the identification of limitations, which will steer the

study for future research.
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Chapter Five — Conclusion and Recommendations

The focus of this study was to use eggshells, a natural waste product, to develop and
test the quality of an alternative abrasive material to reduce the surface roughness of
heat-cured acrylic resins. A quantitative research approach and an experimental
research design was adopted. In phase one of this study different characterisation
techniques were used to assess the suitability of the new abrasive material (NAM).
Phase two, by contrast, investigated the quality of the NAM as an abrasive material
for removable dental appliances. This chapter concludes by drawing on the discussion
of the aforementioned phases to provide recommendations by proposing directions

for future research.

5.1 Conclusions

The findings of this study have explicitly underlined the different characterisation
methods (BET; FTIR; XRD; EDX; SEM; TEM; and PSA) to show that eggshell waste
can be used to develop a value added product which can naturally replace calcite, a
mineral generally mined and used as a dental abrasive material. This is in line with
achieving objective 1.3.1.1 that is to determine the physical characteristics of the NAM
in terms of crystallisation; hardness; pore volume; particle size and surface area; to

establish the abrasive and strength qualities of the materials.

TGA analysis further confirmed that the high grade carbonate in the NAM makes it a
suitable and economically viable alternative for abrasive applications. This is in line
with achieving objectives 1.3.1.2, that is to determine the levels of degradability and

stability of the material by conducting thermal analyses of the NAM.

In particular, and in terms of achieving objective 1.3.1.5, which was to determine the
production costs of developing the NAM in comparison with pumice. The associated
low cost of developing the NAM will significantly reduce the problems of cross-
contamination in re-using other abrasive materials such as pumice in dental

laboratories, both in developing and developed countries.

In terms of the safety of the product, and in line with achieving objective 1.3.1.4, that

is to determine the chemical constituents of the NAM in order to identify the different
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metal ions. The prominent aspects of this study confirm that the NAM is free of heavy

or toxic metals.

In addition, and in terms of objective 1.3.1.3, which was establish the level of bacterial
contamination in order to ascertain the microbial contents of the NAM. The microbial
analysis of the NAM revealed that it is free from virulent pathogens and bacterial

contamination.

Notably, and in line with achieving objective 1.3.2.1 and 1.3.2.2 in phase two, this
study conclusively showed that the NAM effectively reduces the surface roughness to
below the threshold limit value of 0.2um. This further confirmed that the particle size

of the NAM used in this study provided clinically acceptable polished surfaces.

A point deserving mention is that in spite of the mechanised polishing methods
providing valuable and consistent results in this study, this method has its limitation.
In particular, and from a dental technology laboratory perspective, appliances are
made to fit different patient’'s mouths. Hence, mechanised polishing cannot be

applied.

5.2 Recommendations

A constraint that emerged through the results of this study was particle agglomeration,
which is inextricably linked to the ball milling process. This is an area for further
research. Equally significant, abrasive materials are used both intraorally as dental
prophylaxes for polishing tooth enamel, and extraorally to polish dentures. This study
only focused on the extraoral use. Future research could therefore explore using
eggshell and titanium oxide nanoparticles to develop dental prophylaxes.
Nanotechnology research in this area of work is an unchartered territory and will
therefore encourage the development of novel solutions in the field of healthcare,
cosmetics, and abrasive applications. Additionally, altering the molecular and atomic
structure could potentially improve nanomaterial properties, which may not be possible
in their original state.  This supports future investigations into finding improved

methods of synthesising nanoparticles while minimising the rate of agglomeration.
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Additionally, future research work will involve pre- and post-tests of mechanised
polishing to further determine the efficacy of NAM. SEM and TEM analyses will be
used to achieve this.

Finally, the results of this study have enabled the researcher to forward a patent
application for the NAM. Potentially this could attract external funders to support the

development of other, and more advanced, dental materials using natural waste.

70| Page



REFERENCES

Aburub, A., Risley, D. S. and Mishra, D. 2008. A critical evaluation of fasted state
simulating gastric fluid (FaSSGF) that contains sodium lauryl sulfate and proposal of
a modified recipe. International Journal of Pharmaceutics, 347(1): 116-22.

Abuzar, M. A., Bellur, S., Duong, N., Kim, B. B., Lu, P., Surendran, D. and Tran, V.
T. 2010. Evaluating surface roughness of a polyamide denture base material in
comparison with poly (methyl methacrylate). Journal of Oral Science, 52(4): 577-581.

Agostinho, A. M., Miyoshi, P. R., Gnoatto, N., Paranhos, H. F. O., Figueiredo, L. C.
and Salvador, S. L. 2004. Cross-contamination in the dental laboratory through the
polishing procedure of complete dentures. Brazilian Dental Journal, 15(2): 138-143.

Alaa-ezit, A. A. 2006. Study the effect of pumice, porcelnite, and black sand on the
surface roughness of acrylic denture resin. M.Sc, College of Medical and Health
Technology.

Al-Kheraif, A. A. A. 2014. The effect of mechanical and chemical polishing
techniques on the surface roughness of heat-polymerized and visible light
polymerized acrylic denture base resins. The Saudi dental journal, 26(2): 56-62.

Akyuz, M. and Roberts, D. J. 2002. Determination of linear alkylbenzene
sulphonates and their biodegradation intermediates by isocratic RP-HPLC. Turkish
Journal of Chemistry, 26(5): 669-680.

Amaal, K. A. 2011. Bacterial cross-contamination between clinic and dental
laboratory during polishing procedure of complete dentures. The Marietta Daily
Journal, 8(3): 288-292.

American Society for Testing and Materials. 1996. Standard Test Method for Sieve

Analysis of Fine and Coarse Aggregates, ASTM C136. American Society for Testing
and Materials Philadelphia, PA.

71| Page



American Society for Testing and Materials. 2004. Standard specification for wire
cloth and sieves for testing purpose, ASTM E 11-04. United States: ASTM

International.

American Society for Testing and Materials. 2006. Standard Test Method for Sieve
Analysis of Fine and Coarse Aggregates, ASTM C136. American Society for Testing
and Materials Philadelphia, PA.

American National Standards/American Dental Association specification no. 37* for
dental abrasive powders. 1986. The Journal of the American Dental Association,
113(6): 951-952.

Anusavice, K. J. and Antonson, S. A. 2003. Finishing and Polishing Materials in
Philip’s Science of Dental Materials. 11" ed. Philadelphia: WB Saunders.

Anusavice, K. J. and Antonson, S. A. 2013. Materials and processes for cutting,
grinding, finishing, and polishing. In: Anusavice, K. J., Shen, C. and Rawls, H. R.
eds. Phillips’ Science of Dental Materials. St. Louis: Saunders, 236.

Areeg, S. A. 2011. Evaluation and compare between the surface roughness of
acrylic resin polished by pumice, white sand and black sand. Journal of Kerbala
University, 9(1): 49-54.

Arias, J. L., Quijada, R., Yazdani-Pedram, M. and Toro, P. 2006. Polyproppylene
composites with reinforcement based on eggshells: procedure to obtain the said
composite, reinforcement based on eggshells, and procedure for obtaining it. US
patent, US2006-068185-Al.

Attin, T. 2006. Methods for assessment of dental erosion. Monographs in Oral
Science, 20: 152-172.

Aygun, A., Sert, D. and Copur, G. 2012. Effects of propolis on eggshell microbial
activity, hatchability, and chick performance in Japanese quail (Coturnix coturnix

japonica) eggs. Poultry Science, 91(4): 1018-1025.

72| Page



Barnes, S. 2011. Differences and relationship in quantitative data. In: Somekh, B.
and Lewin, C. eds. Theory and Methods in Social Research. London: Sage
Publication, 233.

Bashir, A. S. M. and Manusamy, Y. 2015. Characterisation of raw eggshell powder
(ESP) as a good bio-filler. Journal of Engineering Research and Technology, 2(1):
56-60.

Basim, G. B. and Khalili, M. 2015. Patrticle size analysis on wide size distribution
powders; effect of sampling and characterization technique. Advanced Powder
Technology, 26(1): 200-207.

Bassam, A. H., Alaa, E. A. A. and Wael, A. R. 2008. Effect of different dental
materials on the surface roughness of acrylic resin: A comparative in vitro-study.
Marietta Daily Journal, 5(3): 281-284.

Bee, W. 2012. How to make calcium from eggshells Healing naturally by Bee (Blog).
Available: http://www.healingnaturallybybee.com (Accessed September 3 2014).

Berg, K. E. and Latin, R. W. 2008. Essentials of research methods in health, physical
education, exercise science, and recreation. 3 ed. Baltimore: Lippincott Williams
and Wilkins.

Bhaumik, R., Mondal, N. K., Das, B., Roy, P., Pal, K. C., Das, C., Banerjee, A. and
Datta, J. K. 2012. Eggshells powder as an adsorbent for removal of fluoride from
aqueous solution: Equilibrium, kinetic and thermodynamic studies. Journal of
Chemistry, 9(3): 1457-1480.

Blanche, M. T. and Durrheim, K. 2002. Research in Practice: Applied Methods for

the Social Sciences. 2" ed. Cape Town: University of Cape Town Press.

73| Page



Bollen, C. M., Lambrechts, P. and Quirynen, M. 1997. Comparison of surface
roughness of oral hard materials to the threshold surface roughness for bacterial

plaque retention: a review of the literature. Dental Material, 13(4): 258-269.

Bollen, C. M., Papaionnou, W., van Eldere, J., Schepers, E., Quirynen, M. and van
Steenberghe, D. 1996. The influence of abutment surface roughness on plaque
accumulation and peri-implant mucositis. Clinical Oral Implants Restorative Journal,
7(3): 201-211.

Boron, L. 2004. Calcium citrate eggshell: bioavailability and use as a dietary

supplement. M.Sc, Federal University of Santa Catarina.

Botey-Salo, P., Anyogu, A., Varnam, A. H. and Sutherland, J. P. 2012. Survival of
inoculated Salmonella on the shell of hens’ eggs and its potential significance. Food
Control, 28: 463—-469.

Buzek, J. and Ask, B. 2009. Regulation (EC) No 1223/2009 of the European
Parliament and of the Council of 30 November 2009 on cosmetic products. Official

Journal of the European Union L, 342

Brand-Garnys, E. E. 2014. Eggshell Composition, Preparation and Uses. US patent,
WO 2014135598 A2.

Brummer, H. 2008. Particle characterisation in excipients, drug products and drug

substances. Life Sciences, 11: 1-6.

Campos, C. M. T., Hamad, A. J. S., Block, J. M., Padilha, J. C. F., Ogliari, P. J.,
Barreira-Arellano, D. and Moreira, R. N. C. 2004. Composition of w-3 and w-6 fatty
acids in freeze-dried chicken embryo eggs with different days of development.
Brazilian Archives of Biology and Technology, 47(2): 219-224.

Cardosa, T. M., Rodrigues, P. O., Stulzer, H. K., Segatto Silva, M. A. and Rosario

Matos, J. 2005. Physical-chemical characterisation and polymorphism determination

74| Page



of two Nimodiphine samples deriving from distinct laboratories. Drug Development
and Industrial Pharmacy Journal, 31(7): 631-637.

Chandler, H. 1999. Hardness Testing. 2" ed. Ohio: ASM International.

Check, J. and Schutt, R. K. 2012. Research Methods in Education. 2" ed. Los
Angeles: SAGE Publications, Inc.

Chen, X. 2008. Eggshell for the preparation of friction modifiers. China patent, CN
101191047.

Chinese Medicine Board. 2004. Product safety documents Technical guidelines.

People's Republic China: Chinese Medicine Board.

Chousalkar, K. K., Flynn, P., Sutherland, M., Roberts, J. R. and Cheetham, B. F.
2010. Recovery of Salmonella and Escherichia coli from commercial egg shells and
effect of translucency on bacterial penetration in eggs. Int J Food Microbiol, 142(1-2):
207-213.

Cohen, L., Manion, L. and Morrison, K. 2007. Research Methods in Education. 6t

ed. London: Routledge Taylor and Francis Group.

Collins, L. Z., Naeeni, M., Schafer, F., Brignoli, C., Schiavi, A., Roberts, J. and
Colgan, P. 2005. The effect of calcium carbonate/perlite toothpaste on the removal
of extrinsic tooth stain in two weeks. International Dental Journal, 55(1): 179-182.

Cook, M. I., Beissinger, S. R., Toranzos, G. A. and Arendt, W. J. 2005. Incubation
reduces microbial growth on eggshells and the opportunity for trans-shell infection.
Ecol Lett, 8 (5): 532-537.

Corsalini, M., Boccaccio, A., Lamberti, L., Pappalettere, C., Catapano, S. and

Carossa, S. 2009. Analysis of the Performance of a Standardized Method for the

Polishing of Methacrylic Resins. The Open Dentistry Journal, 3: 233-240.

75| Page



Craig, R. G., Powers, J. M. and Wataha, J. C. 2000. Dental Materials: Properties and
Manipulation. 7" ed. St. Louis: Mosby.

Creswell, J. W. 2009. Research Design: Qualitative, Quantitative and Mixed Methods
Approaches. 3 ed. London: SAGE Publications.

Cunningham, J. B. and Aldrich, J. O. 2012. Using SPSS: An interactive hands on

approach. 4" ed. Los Angeles: Sage Publications, Inc.

Daengprok, W., Garnjanagoochorn, W. and Mine, Y. 2000. Fermented pork sausage
fortified with commercial or hen eggshell calcium lactate. Meat Science Journal,
62(2): 199-204.

Davies, G. A. 1992. Household cleaners: environmental evaluation and proposed
standards for general purpose household cleaners. University of Tennessee Centre

for Clean Products and Clean Technologies: Green Seal, Inc.

de Beer, M., Doucet, F. J., Maree, J. P. and Liebenberg, L. 2015. Synthesis of high-
purity precipitated calcium carbonate during the process recovery of elemental
sulphur from gypsum waste. Waste Management, 46: 619-627.

Detmer, A., Jargensen, C. and Nylén, D. 2010. A guidance document on
microbiological control of cosmetic products. Danish Environmental Protection

Agency.

Dutrow, B. L. and Clark, C. M. 2008. Geochemical instrumentation and analysis
(online). Available:
http://serc.carleton.edu/research_education/geochemsheets/techniques/XRD.html
(Accessed 7 December 2015).

Dutta, S. and Maria, R. 2012. “The Effect Of Various Polishing Systems On Surface
Roughness Of Nano and Microhybrid Composite Restoratives : An In Vitro Surface
Profilometric Study ". Indian Journal of Basic & Applied Medical Research, 3(1): 214-
220.

76| Page



Fajardo, T. A., Anantheswaran, R. C., Puri, V. M. and Knabel, S. J. 1995.
Penetration of Salmonella Enteritidis into eggs subjected to rapid cooling. Journal of
Food Protection, 58: 473-477.

Faria, A. C. L., Rodrigues, R. C. S., Macedo, A. P., Mattos M. D. G. C. D. and
Ribeiro, R. F. 2008. Accuracy of stone casts obtained by different impression
materials. Brazilian Oral Research, 22(4): 293-298.

Federation of European Producers of Abrasives. 2013. Abrasive grit size, (online).

FEPA. Available: http://www.fepa.abrasives.org (Accessed 14 July 2015).

Feng, Y., Ashok, B., Madhukar, K., Zhang, J., Zhang, J., Reddy, K. O. and Rajulu, A.
V. 2014. Preparation and Characterization of Polypropylene Carbonate Bio-Filler
(Eggshell Powder) Composite Films. International Journal of Polymer Analysis and
Characterization, 19(7): 637-647.

Field, A. 2009. Discovering statistics using SPSS. 3 ed. London: Sage Publications.

Field, J. C. 2012. The investigation of enamel subjected to early erosive and
abrasive challenges. Doctor of Philosophy, Newcastle University.

Filio, J. M., Sugiyama, K., Saito, F. and Waseda, Y. 1994. A study on talc ground by
tumbling and planetary ball mills. Powder Technology, 78(2): 121-127.

Firoozeh, F., Zibaei, M., Zendedel, K., Rashidipour, H. and Kamran, A. 2013.
Microbiological study pumice used in dental laboratories. E3 Journal of Medical
Research, 2(2): 123-127.

Food and Drug Administration. 2001. BAM: Microbiological methods for cosmetics-
Chapter 23 of FDA's microbiological analytical manual (online). Available:
http://www.fda.gov/cosmetics/productsingredients/...ucm433748.htm. (Accessed 20
August 2015.).

77| Page



Foster, S. T. 2012. Managing Quality: Integrating the Supply Chain. 51" ed. New

Jersey: Prentice-Hall Inc.

Freire, M. N. and Holanda, J. N. F. 2006. Characterisation of a avian eggshell waste

aiming its use in a ceramic wall tile paste. Ceremica, 52: 240-244.

Giron, D. 1998. Contribution of thermal methods and related techniques to the
rational development of pharmaceuticals. Pharmaceutical Science and Technology
Today, 1 (5): 191-199.

Giron, D. 2002. Applications of thermal analysis and coupled techniques in
pharmaceutical Industry. Journal of Thermal Analysis and Calorimetry, 68(2): 335-
357.

Gole, V. C., Chousalkar, K. K., Roberts, J. R., Sexton, M., May, D., Tan, J. and
Kiermeier, A. 2014. Effect of egg washing and correlation between eggshell
characteristics and egg penetration by various Salmonella Typhimurium strains.
PLoS One, 9(3): €90987.

Groover, M. P. 2002. Fundamentals of modern matrials, processes, and systems:
characterisation of engineering powders. 4" ed. united States of America: John
Wiley and Sons, Inc.

Hansink, J. D. 1998. Abrasive selection for shipyard use. PCE: 24-27.

Harbrecht, D. F. and Bergdoll, M. S. 2006. Staphylococcal enterotoxin B production
in hardboiled eggs. Journal of Food Sciences, 45(2): 307—-309.

Hardy, A. 2004. Salmonella: a continuing problem. Postgraduate Medical Journal,
80: 541-545.

78| Page



Hassan, S. B. and Aigbodion, V. S. 2013. Effects of eggshell on the microstructures
and properties of Al-Cu-Mg/eggshell particular composites. Journal of King Saud

University-Engineering Sciences, Summer: 2-8.

He, Y. and Yalkowsky, S. H. 2006. Solubilization of monovalent weak electrolytes by

micellization or complexation. International Journal of Pharmaceutics, 314: 15-20.

Henuset, Y. M. 2011. Abrasive Materials from Biological Sources. US patent patent,
CA 2706781 Al.

Hess, I. 2014.Pumice abrasive and polish (online). Available:

http://www.thomasnet.com (Accessed 10 October 2014).

Hitchins, A. D., Tran, T. T. and McCarron, J. E. 2001. BAM: Microbiological Methods

for Cosmetics. USA: Food and Drug Administration.

Hood, M. 2013. The use of water jets for rock excavation. In: Hudson, J. A. ed. Rock
engineering: principles, practice and projects. 4™ ed. Oxford: Pergamon press Ltd,
242.

Howe, J. M., Fultz, B. and Miao, S. 2012. Transmission Electron Microscopy. 2nd ed.

New York: John Wiley and Sons, Inc.

Hussein, A. A., Salim, R. D. and Sultan, A. A. 2011. Water absorption and
mechanical properties of high density polyethylene/eggshell composite. Journal of
Basrah Researchers (Science), 37(3A): 36-42.

Hutchison, M. L., Gittins, J., Walker, A., Sparks, N. and Humphrey, T. J. 2004. An
assessment of the microbiological risks involved with egg washing under commercial

conditions. Journal of Food Protection, 67: 4-11.

Hutchison, M. L., Gittins, J., Walker, A., Moore, A., Burton, C. and Sparks, N. 2003.
Washing table eggs: a review of the scientific and engineering issues. World’s
Poultry Science Journal, 59: 233-248.

79| Page



Inczédy, J., Lendyel, T. and Ure, A. 1998. Compedium of analytical nomenclature
(The IUPAC 'Orange Book’). 3rd ed. Oxford: M. Blackwell.

International Standards Organisation. 1975. Instruments for the measurement of
surface roughness by the profile method -- Contact (stylus) instruments of
consecutive profile transformation -- Contact profile meters, system M. Switzerland:
ISO 3274: 1975.

International Standards Organisation. 1999. Dentistry-denture base polymers
Switzerland: 1ISO 1567: 1999.

International Standard Organisation. 2001. Geometrical product specification (GPS)-
surface texture: profile method; measurement standards. Switzerland: ISO 5436-1
2001 [E].

International Standard Organisation. 2001. Soils, sludges and treated bio-waste —
Organic constituents - LAS by HPLC with fluorescence detection (LC-FLD) and mass
selective detection (LC- MSD), LAS standard-Horozontal -13.0.

International Standard Organisation. 2005. General requirements for the
competence of testing and calibration laboratories, ISO/IEC 17025: 2005. Geneva:
ISO.

International Standard Organisation. 2005. Quality management systems-
Fundamentals and vocabulary, ISO 9000: 2005. Geneva: ISO.

International Standard Organisation. 2006. Cosmetics-microbiology-enumeration and
detection of aerobic mesophilic bacteria, ISO 21149:2006 (E). Switzerland: 1SO.

International Standard Organisation. 2008. Quality management systems-
Requirements, 1SO 9001: 2008. Pretoria: SABS Standard Division.

International Standard Organisation. 2008. Cosmetics-microbiology-enumeration of
yeast and mould, ISO 16212:2008 (E). Switzerland: 1SO.

80| Page



International Standard Organisation. 2013. Dentistry base polymers Part 1: Denture
base polymers ISO 20795-1: 2013 (online). Available:
http://www.ISO.org/ISO/catalogu_detail (Accessed 14 May 2014).

International Standard Organisation. 2014. Analytical approach for screening and
guantification methods for heavy metals in cosmetics, ISO/TR 17276. Switzerland:
ISO.

Jafari, A. A., Falahtafi, A., Falahzada, H. and Yavari, M. T. 2006. Evaluation of
presence and levels of contamination in pumice powder and slurry used in chemical

dental laboratories. Middle-East Journal of Scientific research, 1(1): 50-53.

Janus, J., Fauxpoint, G., Arntz, Y., Pelletier, H. and Etienne, O. 2010. Surface
roughness and morphology of three nanocomposites after two different polishing
treatements by a multitechnique approach. Dental Materials, 26: 416-425.

Jay, J. M. 2000. Modern food microbiology. 6™ ed. Maryland: Aspen Publication.
Jayasankar, R., Mahindran, N. and Ilangovan, R. 2010. Studies on concrete using fly
ash, rice husk and eggshell powder. International Journal of Civil and Structural

Engineering, 1(3): 362.

Johnson, B. and Christensen, L. 2008. Educational research: Quantitative,

qualitative, and mixed approaches. 3" ed. Thousand Oates: Sage Publications.

Johnson, B. and Christensen, L. B. 2012. Educational Research-Quantitative,

Qualitative and Mixed Approaches. 4" ed. California: SAGE Publications.
Joiner, A. 2006. Review of the extrinsic stain removal and enamel/dentine abrasion

by a Calcium Carbonate and Perlite containing whitening toothpaste. International
Dental Journal, 56(4): 175-180.

8l|Page



Julious, S. A. 2005. Sample size of 12 per group rule of thumb for a pilot study.
Pharmaceutical Statistics, 4: 287-291.

Kim, J. W. and Slavik, M. F. 1996. Changes in eggshell surface microstructure after
washing with cetylpyridinium chloride or trisodium phosphate. Journal of Food
Protection®, 59(8): 859-863.

King'Ori, A. M. 2011. A review of the uses of poultry eggshells and shell membranes.

International Journal of poultry science, 10(11): 908-912.

Kinnear, P. R. and Gray, C. D. 2004. SPSS 12 made simple. 2nd ed. USA:
Psychology Press.

Kugel, G., Perry, R. D., Ferrari, M. and Lalicata, P. 2000. Disinfection and
communication practices: a survey of U.S. dental laboratories. Journal of American
Dental Association, 131(6): 786-792.

Kuhar, M. and Funduk, N. 2005. Effect of polishing techniques on the surface
roughness of acrylic denture base resins. Journal of Prosthetics Dentistry, 93(1): 76-
85.

Leedy, P. D. and Ormrod, J. E. 2005. Practical research: Planning and design. 8%
ed. Upper Saddle River: Prentice Hall.

Li, M., Qiao, N. and Wang, K. 2013. Influence of sodium lauryl sulfate and tween 80
on carbamazepine-nicotinamide cocrystal solubility and dissolution behaviour.
Pharmaceutics, 5(4): 508-524.

Li, X. Y., Yang, W. and Zuo, Y. 2010. Investigation on microstructure, composition
and cytocompatibility of natural pumice for potential biomedical application. Journal
of Tissue Engineering, 16(3): 427-434.

Lind, D. A., Mason, R. D. and Marchal, W. G. 2002. Statistical Techniques in

Business and Economics. 2" ed. New York: McGraw Hill.

82| Page



Lowell, S., Shields, J. E., Thomas, M. A. and Thommes, M. 2004. Characterisation of
porous solids and powders: surface area, pore size and density. 5" ed. Dordrecht:

Academic Publishers.

Lynch, R. J. M., Bebington, U. K. and ten Cate, J. M. 2005. The anti-caries efficacy
of calcium carbonate-based fluoride toothpastes. International Dental Journal, 55:
175-178.

Maalhagh-Fard, A., Wagner, W. C., Pink, F. E. and Neme, A. M. 2003. Evaluation of
surface finish and polish of eight provisional restorative materials using acrylic bur
and abrasive disk manipulation: With and without pumice. Quintessence
International, 17(1): 68-78.

Manappallil, J. J. 2003. Basic Dental Materials: Abrasion and Polishing Agents. 2"
ed. India: Jaypee Brothers Medical Publishers.

Marinescu, L. D., Rowe, B. W., Ohmori, H. and Dimitrov, B. 2013. Tribology of

abrasive processes. 2" ed. Amsterdam: Elsevier Inc.

Messens, W., Gittins, J., Leleu, S. and Sparks, N. 2011. Egg decontamination by
egg washing. In: Nys, Y., Bain, M. and Van Immerseel, F. eds. Improving the safety
and quality of eggs and egg products. Cambridge: Woodhead Publishing Limited,
163-180.

Mikli, V., Kaerdi, H., Kulu, P. and Besterci, M. 2001. Characterisation of powder
particle morphology. In: Proceedings of Proccedings of the Estonian Academy of
Sciences Engineering. Estonia, Tallinn Technical University and the Estonian

Academy of Sciences, 22-24.

Mitchell, C. C. 2005. Crushed eggshells in the soil. A1 36849-5633, Department of

Agronomy and soils, Auburn University.

83| Page



Miyamoto, T., Horie, T., Baba, E., Sasai, K., Fukata, T. and Arakawa, A. 1998.
Salmonella penetration through eggshell associated with freshness of laid eggs and
refrigeration. Journal of Food Protection®, 61(3): 350-353.

Morgan, M. 2004. Finishing and polishing of direct posterior resin restorations.
Practical Procedure of Aesthesis Dentistry, 16(3): 211-217.

Mosaddegh, E. and Hassankhani, A. 2013. Application and characterization of
eggshell as a new biodegradable and heterogeneous catalyst in green synthesis of

7,8-dihydro-4H-chromen-5(6H)-ones. Catalysis Communications, 33: 70-75.

Moura, J. S., Silva, W. J. D., Pereria, T., Cury, A. A. D. B. and Garcia, R. 2006.
Influence of acrylic resin polymerisation methods and saliva on the adherence of four
Candida species. Journal of Prosthetic Dentistry, 96(3): 205-211.

Murakami, F. S., Rodrigues, P. O., Campos, C. M. T. and Silva, M. A. S. 2007.
Physicochemical study of CaCO-3 from eggshells. Ciéncia e Tecnologia de
Alimentos, 27(3): 658-662.

Musgrove, M. T., Jones, D., Northcutt, J. K., Cox, N. A. and Harrison, M. K. 2004.
Identification of Enterobacteriaceae from washed and unwashed commercial shell
eggs. Journal of Food Protection®, 67(11): 2613—-2616.

Musgrove, M. T., Jones, D. R., Northcutt, J. K., Harrison, M. A., Cox, N. A., Ingram,
K. D. and Hinton, A. J. 2005. Recovery of Salmonella from commercial egg shells by

shell rinse and shell crush methodologies. Poultry Science, 84: 1955-1958.

Oates, J. A. H. 1998. Lime and limestone: Chemistry and technology, production and
uses. Weinheim: Wiley-VCH Verlag GmbH.

O’Brien, W. J. 1997. Dental materials and their selection: abrasion, polishing, and

bleaching. 2nd ed. Chicago: Quintessence Publishing Co, Inc.

84| Page



O’Brien, W. J. 2002. Dental materials and their selection: abrasion, polishing, and
bleaching. 3" ed. Chicago: Quintessence Publishing Co, Inc.

Oliveira, D. A., Benelli, P. and Amante, E. R. 2013. A literature review on adding
value to solid residues: egg shells. Journal of Cleaner Production, 46: 42-47.

Olson, D. W. 2001. Abrasive, manufactured: US-Geolological Survey Minerals

Yearbook.

Orense, R. P. and Power, M. J. 2013. Liguafaction Characteristics of Crushable
Pumice sand. In: Proceedings of 18th International Conference on Soil Mechanics

and Geotechnical Engineering. Paris, 559-562.

Phillips, J. 2013. Assuring quality in the project. Projects are like books (Blog).
Available: http://www.josephphillipsblogger.com (Accessed 18 May 2015.).

Quirynen, M. and Bollen, C. M. 1995. The influence of surface roughness and
surface-free energy on supra and subgingival plaque formation in man: a review of

literature. Journal of Clinical Periodontol, 22: 1-14.

Quirynen, M., Bollen, C. M. L., Papaionnou, W., van Eldere, J. and van Steenberghe,
D. 1996. The influence of titanium abutment surface roughness on plaque
accumulation and gingivities: short-term observations. International Journal of Oral
and Maxillofacial Implants, 11(2): 169-178.

Radkowski, M. 2002. Effect of moisture and temperature on survival of Salmonella
Enteritidis on shell eggs. Archiv fur Geflugelkunde, 66: 119-123.

Rahal, J. S., Mesquita, M. F., Henriques, G. E. P. and Nébilo, M. A. A. 2004. Surface

roughness of acrylic resins submitted to mechanical and chemical polishing. Journal
Oral Rehabilitation, 31: 1075-1079.

85| Page



Rahman, M. M., Netravali, A. N., Tiimob, B. J. and Rangari, V. K. 2014. Bioderived
"Green" Composite from Soy Protein and Eggshell Nanopowder. ACS Sustainable
Chemistry and Engineering, 2: 2329-2337.

Rawls, H. R. 2013. Prosthetic polymers and resins. In: Anusavice, K. J., Shen, C.
and Rawls, H. R. eds. Phillips’ Science of Dental Materials. St. Louis: Saunders,
476-478.

Remenar, J. F., Peterson, M. L., Stephens, P. W., Zhang, Z., Zimenkov, Y. and
Hickey, M. B. 2007. Celecoxib:nicotinamide dissociation: Using excipients to capture

the cocrystal’s potential. Molecular Pharmacology, 4: 386—400.

Rizzatti-Barbosa, C. M., Gabriotti, M. N., Silva-Concilio, L. R., Joia, F. A., Machado,
C. and Ribeiro, M. C. 2006. Surface roughness of acrylic resins processed by
microwave energy and polished by mechanical and chemical process. Brazilian
Journal of Oral sciences, 5(16): 977: 981.

Rouquerol, J., Avnir, D., Fairbridge, C. W., Everett, D. H., Haynes, J. M., Pernicone,
N., Ramsay, J. D. F., Sing, K. S. W. and Unger, K. K. 1994. Recommendations for
the characterisation of porous solids (Technical Report). Pure and Applied
Chemistry, 66(8): 1739-1758.

Salkied, N. J. 2007. Statistics for people who think they hate statistics. 3" ed.

London: Sage Publications.

Santos, M., Soo, S. and Petridis, H. 2013. The effect of Parylene coating on the
surface roughness of PMMA after brushing. Journal of Dentistry, 41(9): 802-808.

Satpalty, A., Dhakshaini, M. R. and Gujjari, A. K. 2013. An evaluation of the
adherence of candida albicans on the surface of heat cure denture base material
subjected to different stages of polishing. Journal of clinical and diagnostic research,
7(10): 2360-2363.

86| Page



Sawai, J. 2003. Quantitative evaluation of antibacterial activities of metallic oxide
powders (ZnO, MgO and CaO) by conductimetric assay. Journal of Microbiological
Methods, 54: 177-182.

Sauerbrunn, S. and Gill, P. 1994. Decomposition kinetics using TGA. American
Laboratory, 26: 29-29.

Schemehorn, B. R., Moore, M. H. and Putt, M. S. 2011. Abrasion, polishing, and
stain removal characteristics of various commercial dentifrices in vitro. The Journal
of Clinical Dentistry, 22(1): 11-18.

Seedher, N. and Kanojia, M. 2008. Micellar solubilization of some poorly soluble
antidiabetic drugs: A technical note. AAPS PharmSciTech, 9: 431-436.

Sepehrnia, N., Mahboubi, A. A., Mosaddeghi, M. R., Khodakaramian, G. R. and
Safari Sinejani, A. A. 2012. Effect of calcium carbonates and calcium sulfate on E-

coli surivival in fine sand mixtures. Journal of Environmental Studies, 38(62): 37-39.

Shawkey, M. D., Pillai, S. R. and Hill, G. E. 2003. Chemical warfare? Effects of
uropygial oil on feather-degrading bacteria. Journal of Avian Biology, 34: 345—-349.

Shuhadah, S. and Supri, A. G. 2009. LDPE-ISOPHTALIC acid-modified eggshell
powder composites (LDPE/ESPI) Perlis. Journal of physical science, 20(1): 89-98.

Silikas, N., Kavvadia, K., Eliades, G. and Watts, D. 2005. Characterisation of modern
resin composites: a multitechnique approach. American Journal of Dentistry, 18(2):
95-100.

Simonescu, C. M. 2012. Application of FTIR spectroscopy in environmental studies.
In: Farrukh, M. A. ed. Adanced aspects of spectroscopy. Pakistan: INTECH Open
Access Publisher, 50-84.

87| Page



Siriprom, W., Teanchai, K., Kirdsiri, K. and Kaewkhao, J. 2014. Characterisation of
calcium hydroxide derived from waste eggshell upon moisture effect. Advanced
Materials Research, 979: 435-439.

Slez&k, P. and Waczulikova, I. 2011. Reproducibility and repeatability. Physiological
Research, 60: 203-205.

Snyder, G. and Beuthin, L. 1989. Abrasive selection performance and quality
considerations. Journal of Protective Coatings & Linings, 7-14.

Somekh, B. and Lewin, C. 2011. Theory and Methods in Social Research:

Understanding and describing quantitative data. 2" ed. London: Sage Publications.

Srividya, S., Chandrasekharan, K. N. and Jayakar, S. 2011. Effects of different
polishing agents on surface finish and hardness of denture base acrylic resins: A
comparative study. International Journal of Prosthodontics and Restorative Dentistry,
1(1): 7-11.

Stachowiak, G. W., Batchelor, A. W. and Stachowiak, G. B. 2004. Experimental

methods in tribology. 4" ed. Amsterdam: Elsevier.

Stachowiak, G. W., Stachowiak, G. B., De Pelligrin, D. and Podsiadlo, P. 2005.
Characterisation and classification of abrasive particles and surfaces. In:
Stachowiak, G. W. ed. Wear materials, mechanisms and practice. Chichester: John

wiley and sons Ltd, 339.

Stehr, N. 1988. Recent developments in stirred ball milling. International Journal of
Mineral Processing, 22(1): 431-444.

Strumberger, N., Maletic, N. and Cvecic, I. 1999. Aspects of reducing pollution

impact of shipyards on the kvarner bay. Promet - Traffic- Traffico, 11(6): 323-327.

Suzuki, F., Wang, P. Y., Weatherspoon, J. and Mead, L. 2006. Method of producing
eggshell powder. Us patent, 20060062857 Al.

88| Page



Sweeney, R. J., Lovette, |. J. and Harvey, E. L. 2004. Evolutionary variation in

feather waxes of passerine birds. Auk, 121: 435-445.

Teixeira, E. C., Thompson, J. L., Piascik, J. R. and Thompson, J. Y. 2005. In vitro
toothbrush-dentifrice abrasion of two restorative composites. Journal of esthetic and
Restorative Dentistry, 17(3): 172-182.

Thabane, L., Ma, J., Chu, R., Cheng, J., Ismaila, A., Rios, L. P., Robson, R.,
Thabane, M. and Goldsmith, C. H. 2010. A tutorial on pilot studies: The what, why
and how. BMC Medical Research Methodology, 10: 1.

Tombak, M. 2006. Can We Live 150 Years? 2" ed. Moscow: Healthy Life Press.

Trullols, E. S. 2006. Validation of qualitative analytical methods. Doctorate,

Universitat Rovira i virgili, Spain.

Tsai, W. T., Yan, J. M., Hsu, H. C., Lin, C. M., Lin, K. Y. and Chiu, C. H. 2008.
Development and characterisation of mesoporosity in eggshell ground by planetary

ball milling. Microporous and Mesoporous Materials, 111: 379-386.

Tsai, W. T., Yang, J. M., Lai, C. W., Cheng, Y. H., Lin, C. C. and Yeh, C. W. 2006.
Characterization and adsorption properties of eggshells and eggshell membrane.
Bioresour Technol, 97(3): 488-493.

Turhan, S. and Gunduz, L. 2008. Determination of specific activity of 226Ra, 232Th
and 40k for assessment of radiation hazards from Turkish pumice samples. Journal

of Environment and Radioactivity, 99: 332.
Ugur, i. 2003. Improving the strength characteristics of the pumice aggregate

lightweight concretes. In: Proceedings of Proceedings of 18th International Mining
Congress and Exhibition of Turkey-IMCET. Turkey, 579-585.

89| Page



van der Vleuten, C. P., Schuwirth, L. W., Driessen, E. W., Dijkstra, J., Tigelaar, D.,
Baartman, L. K. and van Tartwijk, J. 2012. A model for programmatic assessment fit
for purpose. Med Teach, 34(3): 205-214.

Vitek, J. and Kalibera, T. 2011. Repeatability, reproducibility, and rigor in systems
research. In: Proceedings of Proceedings of the ninth ACM international conference
on Embedded software. ACM, 33-38.

Vojdani, M. and Zibaei, M. 2006. Frequency of bacteria and fungi Isolated from

pumice in dental laboratories. Journal of Restorative Health Sciences, 6(1): 33-38.

Walker, I. R. 2011. Reliability in scientific research improving the dependability of
measurements, calculations, equipment, and software: Reproducibility of
experimental measurements and techniques. Cambridge: Cambridge University
Press.

Wang, H. and Slavik, M. F. 1998. Bacterial penetration into eggs washed with
various chemicals and stored at different temperatures and times. Journal of Food
Protection, 61: 276-279.

Waterfield, P. C. 2013. Opaque tooth composition. European Patent Specification
patent, EP 1843741 B1.

Welman, C., Kruger, F. and Mitchell, B. 2005. Research methodology: The aims of
research. 3" ed. Vasco Boulevard: Oxford University Press.

Yao, Z. T., Chen, T., Li, H. Y., Xia, M. S., Ye, Y. and Zheng, H. 2013. Mechanical
and thermal properties of polypropylene (PP) composites filled with modified shell

waste. Journal of Hazardous Materials, 262: 212-217.

Yousef, A. E. and Carlstrom, C. 2003. Food microbiology: A laboratory manual. 2nd

ed. NewYork: John Wiley and sons, Inc.

90| Page



Zdravkov, B. D., Cermak, J. J., Sefara, M. and Jank, J. 2007. Pore classification in
the characterization of porous materials: A perspective. Central European Journal of
Chemistry, 5(2): 385-395.

Zeidler, G. 2001. Processing and packaging shell eggs. In: Bell, D. D. and Weaver
Jr, D. eds. Commercial chicken meat and egg production. Norwell: Kluwer Academic
Publishers, 1129-1161.

91| Page



Addendum 1: Ethical Clearance Letter

Institutional Research Ethics Committes
Facutty of Health Schences

Reom MS 49, Murmfiedd School Ste

Gare 8. Rivson Carrpus

Burton Unversity of Techrology

P O Baoe 1334, Durbaen, Sous Nrics, 4001

Tex 031 372 3900

Paxc 931 37) Ja07

Evat bvidodiRasaca

htpelwww dit s alreses thisstitsUon]_reseanch_cthics

www.dut.ac.za

10 September 2015

IREC Reference Number: REC 60/15

Mr SC Onwubu

12 Tiiwo Odekunle
Close by Coker Road
Off Orimolade Bus Stop
Ifako-Ogba

Lagos State

Nigeria

Dear Mr Onwubu
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Addendum 2: IREC Permission Letter
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Addendum 3: Information and Consent Letter

4

AM DN/ VLV&V
:DUT o

-
L
-—

-

DURBAN

UNIVERSITY OF

TECHNOLOGY i 0’5;}'

LETTER OF INFORMATION

Title of the Research Study: Using eggshell for the development of a quality alternative

material to pumice in reducing the surface roughness of heat-cured acrylic resins
Principal Investigator/s/researcher: Mr Stanley Onwubu (B Tech: Dental Technology)

Co-Investigator/s/supervisor/s: Dr Anisa Vahed (D Tech: Quality, Dr Shalini Singh (D Tech:

Quiality and Prof Krishnan Kanny Phd (Material Sciences and Engineering).
Brief Introduction and Purpose of the Study:

The university and those conducting this task subscribe to the ethical conduct of academia
and research and to the protection at all times of the interests, comfort, and safety of
participants. This form and the information that it contains are given to you for your own
protection and full understanding of the procedures. Your signature on this form will signify
that you have been informed:

e On the task of assessing the level of smoothness of poly methyl methacrylate acrylic
(PMMA) specimens, at first glance;
e On having adequate opportunity to consider the information communicated to you;
and
e That participation in the task is voluntarily agree.
Any information that is obtained during this task will be used as per the agreement, viz. that it
will be documented for scholarly purposes, and for public information, where relevant and

applicable, and only with this prior consent.
Outline of the Procedures:

You are required to assess the level of smoothness, at first eye glance, of the polish poly

methyl methacrylate acrylic (PMMA) specimens.

Risks or Discomforts to the Participant:
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Kindly note that there are no risks involved whatsoever should you choose to participate in

this exercise.
Benefits:

There are no benefits attached to the participants for his or her participation in this study.
Kindly be advised that developing an alternative abrasive material will be of value to the Dental
Technology industry.

Reason/s why the Participant May Be Withdrawn from the Study:

Kindly note that there will be no adverse consequences for should the participant choose to

withdraw from the task.

Remuneration:

There is no remuneration attached for participation. Participation is completely voluntary.
Costs of the Study:

Kindly be advised, there is no costs to the participants in whatsoever for their participation.

Confidentiality: Participants will be anonymous, hence their personal details will not be

required.
Research-related Injury:

The exercise will not involve physical or chemical contact. Hence, there is no foreseen injury

related incident to the participants for their participation.

Persons to Contact in the Event of Any Problems or Queries:

Contact: Dr Anisa Vahed on 031 373 2848 or the Institutional Research Ethics administrator
on 031 373 2900. Complaints can be reported to the DVC: TIP, Prof F. Otieno on 031 373
2382 or dvctip@dut.ac.za
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CONSENT
Statement of Agreement to Participate in the Research Study:

o | hereby confirm that | have been informed by the researcher, Mr Stanley Onwubu,
about the nature, conduct, benefits and risks of this study - Research Ethics Clearance
Number: ,

¢ | have also received, read and understood the above written information (Participant

Letter of Information) regarding the study.

¢ | am aware that the results of the study, including personal details regarding my sex,
age, date of birth, initials and diagnosis will be anonymously processed into a study
report.

¢ Inview of the requirements of research, | agree that the data collected during this study
can be processed in a computerised system by the researcher.

¢ | may, at any stage, without prejudice, withdraw my consent and patrticipation in the
study.

e I have had sufficient opportunity to ask questions and (of my own free will) declare
myself prepared to participate in the study.

e I understand that significant new findings developed during the course of this
research which may relate to my participation will be made available to me.

Full Name of Participant Date Time Signature / Right
Thumbprint

I, Mr Stanley Onwubu, herewith confirm that the above participant has been fully informed
about the nature, conduct and risks of the above study.

Full Name of Researcher Date Signature
Full Name of Witness (If applicable) Date Signature
Full Name of Legal Guardian (If applicable) Date Signature
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Addendum 4: Rating Sheet
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Faculty of Health Sciences
Department of Dental Sciences: Dental Technology Programme
Date

Dear Participant,

| am conducting research as part of my Master studies on “Using eggshell for the development
of a quality alternative material to pumice in reducing the surface roughness of heat-cured

acrylic resins”.

Poly methyl methacrylate acrylic (PMMA) specimens will be shown to you. Kindly assess the
level of smoothness of these specimens, at first glance. Your responses are to be recorded
in Table 1. This task will take approximately 10 minutes to complete. | will be present to

clarify any problems you may experience during this session.

Confidentiality of the information will be respected.

Yours sincerely,

Mr Stanley Onwubu
Contact Details
Tel.: 071793085.

Supervisor / Promoter
Dr Anisa Vahed
Tel.: 031 373 2848

Co-Supervisor/Co-Promoter
Dr Shalini Singh
Tel.: 031 373 5337

Co-Supervisor/Co-Promoter
Prof Krishnan Kanny
Tel.: 031 373 2230
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Rating Sheet for PMMA Specimens

Kindy rate the level of smoothness of the 10 specimens by placing a Tick “\” in the

appropriate block in the Table below:

Table 1. Rating the Level of Smoothness of PMMA specimens

Level Of Smoothness Of Poly Methyl Methacrylate Acrylic
(PMMA) Specimens, At First Glance

PMMA Smoothness Ratings

specimens ; : .
(4) ©) (2) @)
|

©| 0 N| o g | W NP

=
o
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Addendum 5: Cost of Pumice

Subject: Re: Cost of Pumice Inquiry

From: profstandchrist@yahoo.com (profstan4christ@yahoo.com)
To: jrmike@hesspumice.com,;
Date: Wednesday, June 3, 2015 7:39 PM

From: "Mike Hess Jr." <jrmike@hesspumice.com>

Date: Wed, 3 Jun 2015 09:40:40 -0600

To: <profstan4christ@yahoo.com>

Cc: salesmgr@hesspumice.com<salesmgr@hesspumice.com>;rd@hesspumice.co
m<rd@hesspumice.com>

Subject: Re: Cost of Pumice Inquiry

Dear Stanley,

We have over 180 grades of pumice if | was to make an average cost of pumice |
would have to say $11/Ib. The market in the abrasive side of pumice is less than 1

million a year.

Regards,

Mike Hess Jr.
I N PUMICE

100 Hess Dir.
Malad ID 83252
800-767-4701 ext 147
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Addendum 6: Pilot study result - Abrasivity of NAM

Figure 1 illustrates the differences in the time needed to polish the PMMA specimens.
Statistically, there were no significant differences in the time needed to polish the
specimens (p> 0.05). A noteworthy result is that the PMMA specimen polished for two
minutes measured the lowest Ra mean value. This time was therefore selected for the

main study.

0.12

0.1
0.08
0.06
0.04
0.02

Ra (um)

Nano Fine Medium

NAM

ETimel ®ETime 2

Figure 1: Differences in surface roughness of PMMA specimens using two
different polishing times.

As illustrated in Table 2, significant differences (p<0.001) were found in the surface
roughness for the PMMA specimens polished with the NAM in respect of its particle
size distribution. Overall, the medium particle sized NAM (45um) had the highest Ra
mean (0.0783+0.01850um), while the PMMA specimen polished with the fine particle
sized NAM (0.3um) had the lowest Ra mean values (0.0575+0.01765um). As shown
in Table 3, no significant differences (p>0.05) were found between nano, fine and
medium particle sized NAM.
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Table 2: Statistical results of the different particle sized NAM.

95% Confidence

Std. Interval for Mean

deviation Lower | Upper

Bound § Bound

Nano 0.0692 0.01676 0.00484 | 0.0585 0.0798
Fine 0.0575 0.01765 0.0509 0.0463 0.0687

0.000

Medium 0.0783 0.01850 0.00534 | 0.0666 0.0901

Table 3: Tukey and Bonferroni multiple comparison tests.

Multivariate Tukey HSD
ColIRSIEoN

Nano Fine 0.799 *NS 1.000 NS
Nano | Medium | 0.905 NS 1.000 NS
Fine Medium | 0.285 NS 0.518 NS

*NS = No Significant differences.

In addition, and as illustrated in Figure 2, significant differences in the polishing of the

specimens were found between the two operators (p<0.001). With operator 1, fine
particle sized NAM showed the lowest Ra mean value (0.0575+0.01765um). With

operator 2, the medium particle sized NAM had the lowest Ra mean value

(0.883+0.02480pm).
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Figure 2: Differences between two operators using the conventional
method of polishing.

With reference to the subjective assessment, the majority of the participants (50%)
found that the PMMA specimens polished with fine particle sized NAM produced very
smooth surfaces (Figure 3). Hence, the fine particle sized NAM was selected for the
main study. Another noteworthy finding is that none of the participants rated the

polished specimens as being rough.
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Figure 3: Assessment of Polished PMMA Specimens.
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Addendum 7: SEM images of pumice (control)

; / 3 : o
20 pm Mag= 1.00KX  EHT= 3.00kV Date :13 Aug 2015 LtE DU DURBAN
— WD=155mm  Signal A= SE1 Chamber = 4.01e-003 Pa TECHNOLOGY

ot AN ¢ Z 1 > L8 1 e . 3
10 um Mag= 500KX EHT=3.00kV [ Date:13Aug2015 ;,t& DU DURBAN |
WD =155 mm Signal A = SE1 Chamber = 2.62e-003 Pa %’%ﬂl&!‘g |

Figure 4: SEM images of pumice showing particle shapes and micron sizes at
different magnifications
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Addendum 8: Validity and Reliability of Instrument
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