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Preface
This study has been carried out within COIN - Concrete Innovation Centre - one of
presently 14 Centres for Research based Innovation (CRI), which is an initiative by
the Research Council of Norway. The main objective for the CRIs is to enhance the
capability of the business sector to innovate by focusing on long-term research
based on forging close alliances between research-intensive enterprises and
prominent research groups.
The vision of COIN is creation of more attractive concrete buildings and
constructions. Attractiveness implies aesthetics, functionality, sustainability, energy
efficiency, indoor climate, industrialized construction, improved work environment,
and cost efficiency during the whole service life. The primary goal is to fulfil this
vision by bringing the development a major leap forward by more fundamental
understanding of the mechanisms in order to develop advanced materials, efficient
construction techniques and new design concepts combined with more
environmentally friendly material production.
The corporate partners are leading multinational companies in the cement and
building industry and the aim of COIN is to increase their value creation and
strengthen their research activities in Norway. Our over-all ambition is to establish
COIN as the display window for concrete innovation in Europe.
About 25 researchers from SINTEF (host), the Norwegian University of Science and
Technology - NTNU (research partner) and industry partners, 15 - 20 PhD-students,
5 - 10 MSc-students every year and a number of international guest researchers,
work on presently eight projects in three focus areas:
•
•
•

Environmentally friendly concrete
Economically competitive construction
Aesthetic and technical performance

COIN has presently a budget of NOK 200 mill over 8 years (from 2007), and is
financed by the Research Council of Norway (approx. 40 %), industrial partners
(approx 45 %) and by SINTEF Building and Infrastructure and NTNU (in all approx
15 %).
For more information, see www.coinweb.no

Tor Arne Hammer
Centre Manager
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Summary
This report is a compilation of the characterisation methods and results performed at
different institutes and companies to analyse four different fillers employed in a subproject Case study Velde in COIN FA2.3 High Quality manufactured sand for
Concrete.
Here, the application of different methods for characterizing four different fillers
which were manually sieved to obtain particle size below 125μm is highlighted. The
parameters measured were: thermo-stability, mineral/phase compositions, specific
surface areas, particle size distribution, particle shape profile and flow resistance
ratio. The first three parameters were measured by thermogravimetric analyssi
(TGA), qualitative X–ray diffractometry (XRD) and BET method. For particle size
distribution, 4 different conventional methods were employed to determine the best
measurement method in determining this factor. The methods include: laser
diffractometry by Beckmann Coulter Analysis LS13 120 (dry method) and
Mastersizer 2000 (wet method), sedigraphy by Sedigraph 5100 and imaging
analysis by PartAn analysis for fine powders. For shape profiling, PartAn image
analysis was also employed. For the last investigated parameter, FlowCyl test was
employed to study the flowability of the matrix containing different fillers.
For all the fillers, it was found that despite having similar mineral composition, the
amount of these phases differed from filler to filler, which affected the particle size
distribution and thus specific surface areas of the filler samples. In general, asphalt
fillers were the most XRD amorphous, attributing to the high amount of fine particles
which cannot be detected in the XRD analysis. This was confirmed by BET
measurements and PSD determination, where a very high surface area (~30%
higher than the filler possessing the lowest surface area) and contain up to 30%
particles with sizes lower than 10μm. Fine filler possessed the second highest
surface area and fine particles content, but it contained the highest fraction of mica,
which can contribute to the adsorption of water when fillers are added to the
matrixes. In the case of medium filler, it contained the lowest amount of mica and
thus possessed the lowest surface area and highest particle sizes. Finally, sand filler
lies in between that of medium and fine fillers. The shape profiles of all fillers were
relatively similar, and thus this factor was dismissed as an influencing factor here in
the dispersion of matrixes in the presence of fillers.
The characterization of fillers confirmed results from FlowCyl test, whereby matrixes
with fine fillers displayed the highest flow resistance, followed by asphalt fillers, sand
and finally medium. The trend can be attributed mainly to the fineness of the
particles. In the case of fine fillers, the high content of water retaining mica further
reduced the flow of matrix, thus causing matrixes containing fine fillers to display the
highest flow resistance ratio.
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1 Introduction
1.1

Principal objectives and scope

The principle objective of this report is to compile and present the necessary characterization
methods of very fine fractions of fillers (<125μm). In all, 6 different methods are shown,
which include TGA analysis, qualitative XRD analysis, BET measurements, PSD
determination, particle shape profiling and flow resistance ratio measurements.
Among which, for PSD determination, 4 different instruments are selected to determine the
best method for analysing such fine particles. Two methods involved laser diffractometry
and differed by the medium in which particles are dispersed; air or ethanol. Another method
works based on sedigraphy and the last, image analysis. The aim here is to show the
applicability of the methods for PSD determination and highlight the pros and cons of each
method.
1.2

Background

Workability of concrete is often of great interest to the user. It has been shown that through
the Particle Matrix (PM) model, prediction of the workability of specific concrete types such
as ordinary concretes, self-compacting concrete (SCC) or low weight aggregate concrete
(LWAC) could be derived [1, 2]. PM model was developed and verified by Ernst Mørtsell as
part of his dr. ing. Thesis [3]. There, it was demonstrated that the workability of concrete is a
result of the inherent properties of the constituents, the mix proportions and the physical and
chemical interference between them. In simple terms, the concrete can be considered as a
two phase material consisting of a matrix phase and a particle phase or as defined by their
properties, the fluid material and frictional material. By definition, the matrix phase consist
of water, added chemical additives and all fines, including cements, pozzolans and aggregate
fines with particle size below 125μm. The particle phase, on the other hand consists of all
other particles with particle sizes greater than 125μm.
In the matrix phase, many factors are present which can affect the rheological properties of
it. One such material is the amount of fine particles present (<125μm). It has been found that
many different factors and variations in the fillers, including both physical and chemical can
lead to a variation in the flow properties of matrixes. Therefore, the purpose of this report is
to identify some of the more common factors and to show to what extent the variation is.
For simplicity, four identical fillers possessing similar mineral compositions but obtained
differently and sieved manually to obtain a particle size distribution below 125μm are
selected for investigation. The factors which will be highlighted here include (1) amount of
water and organic materials present in the filler, (2) mineral compositions and relative
percentage, (3) specific surface areas, (4) particle size distributions (PSD) and (5) particle
shape profile of the fillers. These five parameters will be compiled and employed to explain
the variation in the flow resistance ratio of the matrix prepared utilizing the different filler.
Another purpose of this report is to identify the best method in characterizing the particle
size distribution of such fine particles in the filler. It is known that there are many different
methods which can give rise to different results, depending on the nature of measurement.
This report thus highlights four different conventional PSD measurement methods to identify
the most ideal method for these particles.
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2 Experimental
This chapter will describe the different methods employed to characterise the four different
fillers. All in all, four different parameters of these filler were analysed and they are: (1)
specific surface area, (2) thermal stability (and the water content), (3) mineral identification
and (4) particle size distribution (PSD) analysis. The first three parameters are measured by
BET method, thermogravimetric analysis (TGA) and qualitative X-ray Diffractometry
(XRD) respectively. For PSD analysis, 4 different instruments were selected to determine it
and they are the Beckman Coulter Analysis and Mastersizer 2000, both working based on
laser diffractometry differing by the medium in which fillers are dispersed (liquid or air).
Sedigraph 5100 and PartAn image analysis were also employed for these fillers. These four
methods will be compared within this report to determine the most suitable method for
measurements of such fine particles (<125μm). The results from measurements of other
parameters will be selected as comparative criteria. The shape profile of these four fillers by
image analysis will also be discussed based on results obtained from the PartAN analysis.
Finally, the flow resistance ratio (λQ) will be described utilizing the FlowCyl test.
The experiments reported here are conducted in different companies and they will be
highlighted in each section.
1.3

Materials

Four different fillers were obtained from Velde AS and manually sieved to only
retain materials under the particle size of 0.125mm. The four fillers were namely
asphalt, fine, medium and sand fillers respectively and they were utilized as per
obtained.
1.4

Thermogravimetric analysis (TGA)

Thermogravimetric analysis was conducted in Mapei in Italy.
TGA measures weight changes in a material as a function of temperature (or time) under a
controlled atmosphere, both inert or in air. Its principle uses include measurement of a
material’s thermal stability, filler content in polymers, moisture and solvent content, and the
percent composition of components in a compound.
Operation wise, TGA analysis is performed by gradually raising the temperature of a sample
in a furnace as its weight is measured on an analytical balance that remains outside of the
furnace. In this case, the maximum temperature attained was 1000°. In TGA, mass loss is
observed if a thermal event involves loss of a volatile component. Chemical reactions, such
as combustion, involve mass losses, whereas physical changes, such as melting, do not. The
weight of the sample is plotted against temperature or time to illustrate thermal transitions in
the material – such as loss of solvent and plasticizers in polymers, water of hydration in
inorganic materials, and, finally, decomposition of the material. The point or temperature at
which decomposition etc occurs is specific for each material, thus identification of unknown
can be performed.
1.5

Qualitative X-ray diffractometry (XRD)

X-ray diffraction was conducted in SINTEF/NTNU in Norway.
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X-ray diffraction is a very important experimental technique that has long been utilized to
address challenges related to the crystal structure of solids, including lattice constants and
geometry, identification of unknown materials, orientation of single crystals, preferred
orientation of polycrystals, defects, stresses, etc [4]. In XRD, a collimated beam of X-rays
possessing a wavelength typically ranging from 0.7 to 2 Å, is incident on a specimen and is
diffracted by the crystalline phases in the specimen according to Bragg’s law, as displayed in
Figure 1.

Figure 1. Schematic illustration of x-ray diffraction and Bragg’s law, d refers to the spacing
between the atomic planes in the crystalline phase and λ is the X-ray wavelength
This diffracted beam is characteristic of the fingerprint lattices of each individual sample,
making identification of known crystalline compounds easy. In such a way, it also enables
the calculation of change in d-spacing arising from the change in lattice constants under a
strain. Peak broadening of reflections can also give further information on the finite size of
crystallites or the inhomogeneous strain from samples.
Here, the fillers were analyzed using a conventional powder XRD instrument (Bruker D8
advance, Bruker, Karlsruhe/Germany) which uses CuKα radiation and possesses a scintillator
with a scanning range of 6 to 70° 2θ; step size of 0.15 s/step; step width of 0.005° 2θ/step;
spin revolution time of 4 s; aperture slit of 0.1°. Characterization was performed using the
Diffrac.Suite EVA V2.1 software.
1.6

BET measurements

BET measurement was conducted in SINTEF, Norway.
BET was proposed by Brunauer, Emmett and Taylor for the determination of specific
surface area of porous solids. It is based on three main assumptions as follow:
1. The adsorbent surface is homogeneous
2. The adsorbent-adsorbate interaction is stronger than the adsorbate-adsorbate
interaction
3. The interaction of adsorbed molecules is considered only in the direction
perpendicular to the surface, and is regarded as condensation.
With these, the linear form of the adsorption isotherm can be represented as:

where
is the ratio of system pressure to condensing pressure, is the value of
adsorption,
is the volume of the monolayer on the surface of the adsorbent, and C is the
ratio of the adsorption equilibrium constants in the first layer to the condensation constant.
Experimentally, the adsorption is dependent on the pressure
at a constant temperature
(adsorption isotherm). Upon application of the above equation,
can be calculated to
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derive the number of molecules in the monolayer, which can translate to the total surface
area of the adsorbent. In general, the BET method can be used for determining surface area
with an accuracy of 5-10% in the range of relative pressures (
) from 0.05 to 0.35
through the use of measurements at two partial pressures using nitrogen as the adsorption
gas. This method is limited to substances with surface areas greater than 10 m2/g and pore
diameters less than 60 nm. This method uses barometric pressure as the reference pressure.
1.7

Particle size distribution analysis

Four measuring methods based on three different principles (laser diffraction, sedimentation
and were employed and compared in this investigation.
2.5.1 Laser diffraction

Laser diffraction was conducted in Mapei in Italy.
The first method involves laser diffraction technique to obtain particles size distribution
(size range 0.04 - 2000 μm). It functions based on measurements of the intensity of light
scattered as a laser beam passes through a dispersed particulate sample. Large particles
scatter light at small angles relative to the laser beam and small particles scatter light at
large angles. The angular scattering intensity data is then analyzed to calculate the size of
the particles that create the scattering pattern. A typical system consists of:
- A laser to provide a source of coherent, intense light of fixed wavelength

- A sample presentation system to ensure that the material under test passes through the
laser beam as a homogeneous stream of particles in a reproducible state of dispersion
- A series of detectors which are used to measure the light pattern produced over a wide
range of angles

Figure 2 Schematic setup of the laser diffractor [5]
Laser diffraction uses Mie theory to calculate the particle size distribution, assuming a
volume equivalent sphere model. Mie theory requires knowledge of the optical
properties (refractive index and imaginary component) both of the sample measured and
the dispersant. Usually the optical properties of the dispersant are relatively easy to find
from literature, moreover many modern instruments have an own database that include
these parameters. When the sample optical properties are unknown, the user can either
measure them or estimate them using an iterative approach based upon the goodness of
fit between the modeled data and the actual data collected for the sample. A simplified
approach is to use the Fraunhofer approximation, which does not require knowledge of
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the optical properties of the sample. This model can provide accurate results for large
particles. However it can lead to significant errors with samples relatively transparent or
particles below 50μm.
Here, two instruments were employed to determine the effect of environmental state in
which the fillers were measured in: wet or dry and the selected instrument were Mastersizer
2000 and Beckman Coulter Analysis LS 13 320 respectively.
In dry powder dispersion such as that in Beckman Coulter Analysis, the dispersant is
usually a flowing gas stream, most typically clean dry air. The dry dispersion process
normally requires higher amount of energy than wet dispersion and is not suitable for
very fine powders (<1 micron) due to the high particle-particle forces of attraction.
Additionally, only sufficient energy must be applied to the samples for dispersion to
ensure that the fragile particles are not being broken during the dispersion process. In
such cases, a wet dispersion method is preferred.
The analyses were conducted according to the following parameters:
Table 1 Parameters used for wet dispersion analysis by laser diffractometry in the
determination of PSD
Parameter
Specification
Dispersant
Air
Dispersant RI
1
Material
Cement
Material RI
1.68
Material Absorption
0.1
Obscuration [%]
6 – 10
The quantity of powder loaded for each run of the analysis is about 12 g.
Wet sample dispersion units (in this case Mastersizer 2000) use a liquid dispersant,
aqueous or solvent based, to disperse the sample. The wetting of the particle surfaces by
the dispersant molecules lowers their surface energy, reducing the forces of attraction
between touching particles. This allows them to be separated and go into suspension. In
order to keep the sample suspended and homogenized it is recirculated continuously
through the measurement zone. For dispersants with high surface tension, such as water,
the addition of a small amount of surfactant can significantly improve the wetting
behavior and consequently particle dispersion.
To disperse individual particles, some energy is frequently applied to the sample by
stirring or agitation. In case of very fine materials or strongly bound agglomerates,
ultrasonic irradiation is sometimes used. The analysis of a cement powder is performed
using Ethanol (or Propan-2-ol) as dispersant to prevent hydration during measurement.
The analyses were conducted according to the following parameters:
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Table 2 Parameters used for dry dispersion analysis by laser diffractometry in the
determination of PSD
Parameter
Specification
Dispersant
Ethanol
Dispersant RI
1.36
Material
Cement
Material RI
1.68
Material Absorption
0.1
Obscuration [%]
5 – 20
Before performing the analysis, the samples were opportunely diluted in ethanol (ratio
1:100) and stirred on magnetic plate to favour the dispersion of the cement powder.
2.4.2 Sedigraph
Sedigraphy was conducted in NTNU, Norway.
The fundamental analytical technique of Sedigraph is based on sedimentation and photon
absorption (Figure 3). Stokes’ law is applied to determine particle size by measurement of
the terminal settling velocities of sample particles of various sizes. Relative mass
concentration for each size class is determined by applying the Beer-Lambert-Bouguer law
to the measured absorption of a low-power X-ray beam projected through the fraction of
sample remaining in suspension. The elegant simplicity of the Stokes and Beer-LambertBouguer laws means that interpretation of raw data is straight-forward; the analyst easily can
understand the relationship between the basic measurements and the reported size
distribution. All experimental parameters are easily determined, data reduction is
uncomplicated and fast, and there is no requirement to ‘bias’ the data reduction software
toward a particular distribution modality.

Figure 3 Illustration on the workings of sedigraphy [6]
2.4.3 PartAn Image analysis
Image analysis was conducted at Microtrac Europe GmbH.
The PartAn Image analyzer works based on photo optical measurements of dry, falling
particles as a result of gravity, whereby shape and size profiling of the dry particles can
be achieved. In this investigation, the FPA (fine particle analyser) was utilized. The
typical size range of the instrument is between 2 to 2,000 μm with a resolution of 1 μm.
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For sampling, the sample is introduced into the measurement area via a feeding chute
linked to a dispersing system possessing special nozzles to prevent agglomeration and
allow well dispersion of the samples. Valuable results on not only particles size, but also
the shapes can thus be attained via this method.
1.8

Flow cyl measurements

Flow resistance ratio (λQ) was measured at Velde AS in Norway.
The λQ of the fillers prepared as a matrix is determined in the FlowCyl test [7], which is a
modification of the Marsh Cone test. The recipe of the matrix is as follow: w/c = 0.59, SXN
superplasticizer = 0.5%by weight of cement (bwoc), fi/c = 0.51. In general, λQ is defined as
the difference in flow rate between the test material and an ideal fluid flowing through a
vertical, cylindrical steel tube with an outlet formed as a cone ending in a narrow nozzle. An
“ideal” fluid which is very liquid has a λQ-value of 0.0, while the theoretical upper limit of
the λQ is 1.0 for a very viscous fluid. As an example, λQ of water is determined to be in the
range of 0.10 to 0.15.
λQ of the matrix materials was determined in a simple FlowCyl setup which is attached to a
computer running the BalanceLink program (Mettler Toledo). Dimension wise, the FlowCyl
apparatus consist of a cylinder tube with inner diameter of 80 mm and outlet 8 mm. The total
length of the tube is 400 mm of which the cylindrical portion is 300 mm. It also possessed an
outlet formed as a cone ending in a narrow nozzle. During the measurements, the cylinder is
placed vertically in a rack and a steel bowl placed on an electronic scale connected to a
computer is positioned directly under it. The weight of the matrix flowing into the bowl is
recorded continuously at a sampling rate of 2s till the cylinder is empty. The final results are
processed based on time taken for the matrix to flow down the column, giving the λQ of the
matrix.
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3 Results and discussion
Four different fillers; asphalt, fine, medium and sand fillers were all prepared and manually
sieved to have a particle size below 125μm. The characterisation of these four fillers include
specific surface area, thermal decomposition, qualitative phase/minerals analysis, PSD
values and flow resistance ratio (λQ) of matrixes prepared with the four different fillers
respectively will be presented in this section.
2.1

Thermogravimetric analysis (TGA)

TGA analyses of the samples (Figure 4) generally show low extent of decomposition for all
four fillers when the samples are subjected to a heating temperature of up to 1000°C. The
changes in mass were between 0.3 to 0.4% for all samples, signifying that they are all
relatively similar in terms of the content of stable materials. This low degree of change in
mass through TGA can be accounted for by the low content of water and organics in the four
filler samples. In other words, the fillers are made up of mainly stable inorganic minerals.

Asphalt

Fine

Medium

Sand

Figure 4 TGA and DTA measurements of the four fillers (top left to bottom right); asphalt,
fine, medium and sand fillers respectively
2.2

Qualitative X-ray Diffractometry (XRD)

Qualitative XRD analysis (Figure 5 to 8) was performed to characterize the mineral phases
present in the fillers. In general, all the fillers were made up of similar minerals, but in
varying quantities. The minerals present in the fillers are as follow: quartz, albite, microcline,
mica and chlorite. In all filler samples, quartz constituted the highest quantity of mineral
present as shown by the high peak observed at 26.6°2θ. The other mineral phases were
minor, with an exception of mica content. The highest amount of mica could be found in the
fine filler sample, whereby the intensity of the peak representing mica (8.8°2θ) presented a
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ratio of 2:3 as compared to quartz. This indicated that fine fillers contain a high amount of
fine fractions as mica, which is a soft mineral generally are crushed during the crushing
process and are present in the finest fractions (<2μm). On the other hand, the medium filler
possessed the lowest mica content, as shown by a ratio of 1:12 when compared to the
intensity of quartz. Therefore, there's a likelihood that it contains less fine particles. In the
case of sand and asphalt, the content of mica lies intermediate. In other words, when looking
at PSD or specific surface area of the fillers, the fine fillers may appear to have the highest
number of finer particles, and thus highest specific surface area.

Figure 5 XRD spectrum of asphalt filler

Figure 6 XRD spectrum of fine filler
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Figure 7 XRD spectrum of medium filler

Figure 8 XRD spectrum of sand filler
However, it is also interesting to note that the intensity of the peaks in the sand sample is the
highest. This could indicate higher crystallinity of the minerals in this filler. In the case of
asphalt, the low crystallinity could potentially indicate a high degree of XRD amorphous
particles which can be characterized by extremely small particles which would then result in
a large specific surface area.
2.3

Brunauer–Emmett–Teller Analysis (BET)

Table 3 displays the specific surface areas for the fillers. Accordingly, the surface area of the
medium filler is the lowest at 1.07m2/g, followed by sand (1.13m2/g), fine (1.23m2/g) and
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asphalt (1.42m2/g). The large variation (more than 30%) in surface areas among the fillers
confirmed the postulation in the previous section, whereby medium particles with the lowest
amount of fine mica possessed the lowest specific surface area. In the case of fine fillers, a
high surface area could thus be attributed to the availability of fine fractions which can be
attributed to the mica content. For asphalt, high degree of XRD amorphous particles could
have contributed to the high specific surface area. This, as mentioned earlier could
potentially arise as a result of the presence of very fine particles which are not detectable by
XRD anlaysis. The findings here (surface area and mineralogy) will be reflected in the
measurement of particle size distribution, whereby presence of more finer particles (grading
curve shift to the left) will lead to a higher surface area and vice versus. The results so far
thus act as a good basis to determine the best method in PSD measurements of such fillers
and will be described in the next section.
Table 3 Weights, areas and specific surface areas of the four fillers (< 0.125 mm) obtained
by BET measurements
Samples
Weight
Area
Surface area
[g]
[m2]
[m2/g]
Asphalt
1.1185
1.59
1.42
Fine
1.5431
1.90
1.23
Medium
1.7145
1.84
1.07
Sand
2.0078
2.28
1.13
2.4

Particle size distribution analysis

The particle size distribution (PSD) of the fillers were analysed by four different methods
and the final results were compared to determine the most reliable method, and also the
potentially most reliable results. The methods are as follow: two measurements by laser
diffractometry, Mastersizer 2000 and Beckman Coulter one wet and another dry method
respectively; sedigraphy and shape profiling by image analysis. The results are presented as
below, whereby individual results are first discussed, followed by a chapter comparing the
efficiency of each method for measurements.
3.4.1. Laser diffractometry: Mastersizer 2000 (wet method)
Figure 9 shows the particle size distribution of the four fillers as measured by Mastersizer
2000. In general, all filler samples showed very similar sigmoidal curve type of distribution
when measured by the Mastersizer 2000. In terms of finest, asphalt fillers were the finest,
followed by very similar grading curves for the other three fillers. This result does not
correspond well to the variation in specific surface areas of the filler samples. The maximum
size of asphalt particle was ~74.5μm, which is much lower than the sieving limit of the way
these fillers were prepared (<125μm). For the other three fillers, the limit lies around 127μm,
corresponding to the actual upper limit for particle sizes of these fillers. The size distribution
of the fillers does not correspond to the specific surface area measured by BET method.
This method measures by wet process, whereas sieving of the fillers to obtain <125μm was
performed by dry sieving. As a result of this, further dispersion of the particles, particularly
fine particles would have occurred in the presence of a dispersing medium such as ethanol.
Therefore, lower particle sizes were observed in this method. It could be argued that
Mastersizer would thus be a good reflection of the dispersed particles in a cement system.
However, as the medium of this system is ethanol, no hydration of cement was possible, thus
a static system is present instead. Additionally, the electrostatic interaction between ethanol
and fillers, or water and fillers are different, thus causing their overall dispersion to be
dissimilar.
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Figure 9 Particle size distribution of the four filler samples as measured by Mastersizer 2000
3.4.2. Laser diffractometry: Beckman Coulter Analysis
The PSD obtained by measuring with the Beckman Coulter Analysis is shown in Figure 10.
Unlike that in Masterszier 2000, the distribution curve of particle sizes appeared to be less
smooth and more abrupt. Up to 20% of the fillers were less than 10μm, whereby asphalt was
the highest (20%), followed by fine (15%), sand (14%) and finally medium (10%) filler. The
large difference in the amount of fine particles (<10μm) would account for the large
differences in the specific surface areas.

Figure 10 Particle size distribution of the four filler samples as measured by Beckman
Coulter analysis LS13 120
Bulk of the fillers possesses a particle size of between 10 to 60μm. Similar to the finest
portion of the fillers, here, asphalt filler maintained to possess the highest amount of
cumulative portion up to 60μm, followed by fine, sand and finally medium fillers. The
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results here corresponded to the analysis made by XRD and BET measurements. In terms of
method for measurement, Beckman Coulter analysis measured the PSD via dry method.
Therefore, the agglomeration between particles will be similar during the manual sieving and
during measurements here, resulting in a more reliable trend in PSD than the wet method.
However, it should be noted that the upper particle size of the fillers were higher than
125μm, whereby up to 20% of the coarser fillers (medium and sand) displayed particle sizes
greater than this limit. The high discrepancy indicated that Beckman Coulter Analysis may
be a good method to describe the trends of PSD for such fillers, but not the absolute particle
size of the fillers.
3.4.3. Sedigraphy
Results from sedigraph measurements can be found in Figure 11. The measured samples
displayed a different profile as compared to those measured by laser diffractometry.
However, asphalt fillers were shown to contain the highest amount of fine fillers (>30% were
less than 10μm). For fines and sand fillers, ~25% of the particles fell into this range, whereas
that for medium was only ~15%. The amount of fillers up to 60μm was highest for fine
fillers, followed by asphalt and finally that for medium and sand fillers were similar. The
trends here corresponded very well with the specific surface areas measured by BET method.

Figure 11 Particle size distribution of the four filler samples as measured by Sedigraph
5100
3.4.4. PartAn Image analysis
The last method employed for PSD determination as by image analysis. Figure 12 to 15
display the PSD of the fillers as determined by PartAn for fine powders. For such image
analysis, measurements of particles below 10μm appeared to be insignificant. However, as
shown in the other PSD measurement methods, particles below 10μm could potentially play
a highly significant role in the determination of the final properties of these fillers.
Additionally, across the fillers, the maximum particle sizes of the fillers were much greater
than the 125μm limit, especially in the case of asphalt fillers. This gives a high uncertainty in
the accuracy of this method for determinations of particle size distribution of such materials,
which might be attributed to the resolution of measurements for the particles.
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Figure 12 Particle size distribution of the asphalt filler measured by PartAn Image analysis

Figure 13 Particle size distribution of the fine filler measured by PartAn Image analysis
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Figure 14 Particle size distribution of the medium filler measured by PartAn Image analysis

Figure 15 Particle size distribution of the sand filler measured by PartAn Image analysis
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3.4.5. Comparison among the methods of PSD measurements
For better comparison, the particle size distribution of each filler type as measured by the
four different methods was drawn in single graph respectively as shown in Figure 16 to 19.
Here, the D10, D50 and D90 for each filler was plotted to simplify the comparison.

Figure 16 Particle size distributions of asphalt fillers as a function of cumulative percentage
of total particles, determined by different measurement methods

Figure 17 Particle size distributions of fine fillers as a function of cumulative percentage of
total particles, determined by different measurement methods
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Figure 18 Particle size distributions of medium fillers as a function of cumulative percentage
of total particles, determined by different measurement methods

Figure 19 Particle size distributions of sand fillers as a function of cumulative percentage of
total particles, determined by different measurement methods
In general, it can be observed that Beckman Coulter Analysis (dry method by laser
diffractometry) and sedigraphy gave the most realistic PSD values when compared to the
specific surface areas and mineral compositions. Further comparison of the limits of the
particle sizes displayed that sedigraphy appeared to be a more reliable method as the PSD
was within the expected range of sieved materials.
For a better comparison of the fillers based on sedigraphy, the simplified PSD of fillers as
measured by sedigraph was plotted again in Figure 20, using only the D10, D50 and D90
values. It can be clearly observed that all particles appear to possess very similar particle
sizes at D10. However, deviation can be observed by D50 measurements, whereby medium
and sand particles are the largest, whereas the average sizes of the fine and asphalt fillers are
almost half the sizes of the former fillers. At D90, asphalt particles were slightly coarser than
the fine particles, but still lies below that for medium and sand fillers.
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Figure 20 Particle size distributions of the four fillers as a function of cumulative percentage
of total particles, determined by sedigraph measurement
2.5

Shape profiling of filler particles based on Image analysis

PartAn Analysis was shown to be not as ideal a method in determining the PSD of fillers
when they possess a particle size below 125μm. However, this method can still provide very
important information such as particle shape profiling. Due to the rapid scanning of the
method, a general aspect ratio of the particles can be obtained. However, this is very
important results as it can determine the rheology and allow prediction of mineral types of
the fillers, etc present. Figure 21 and 22 shows the aspect ratio of the different fillers.

Fine

Asphalt
Figure 21 Shape profiling of asphalt and fine fillers by PartAn Image analysis

In general, the aspect ratios of the particles, regardless of filler type are very similar.
Therefore, it can be concluded that the aspect ratios (thus shape) are closely linked to the
type of minerals present, but not the size. In this case, it can also be concluded that since the
shape profile of the four fillers are so similar, shape profiling is not a major factor in
determining the performance or influence of fillers in matrixes.
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Medium

Sand

Figure 22 Shape profiling of medium and sand fillers by PartAn Image analysis
2.6

Flow cyl measurements

The λQ of the four filler samples in matrixes were tested based on a model recipe (w/c =
0.59, SXN superplasticizer = 0.5%bwoc, fi/c = 0.51) and it was found that the flow
resistance of the matrixes varied, thus showing that viscosity is varied too simply by
changing the type of fillers added to the system (Figure 23).

Figure 23 Flowcyl - 4 tests with 100% of each filler (Combination 1, 2, 3, and 4)
It can thus be shown that indeed particle size distribution has a great impact on the flow
resistance of the matrix. However, additional factor should also be considered, such as the
type of minerals present. In this case, the matrix with fine fillers displayed a much higher
flow resistance than asphalt despite the similarity in PSD could be attributed to the high
content of mica in the sample. Mica is a clay mineral which can retain water rapidly and in
large amount. As a result, presence of high amount of mica would result in the increase in
λQ. The effective grades of the fillers appear to have less of an impact on the performance of
the matrix.
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This effect is well observed in many applications, and the driving force for the difference in
flow could be attributed to many different reasons. For this purpose, different
characterization methods were conducted including BET measurements, XRD analysis to
determine the relative distribution and types of mineral present in the filler, etc. BET and
XRD results are present here.
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Conclusion
The properties of matrixes with fillers are often determined by many different parameters.
Here, we investigated 5 different parameters which could influence four seemingly similar
fillers; asphalt, fine, medium and sand fillers respectively. At first glance, the fillers were
obtained from very similar source and sieved manually to achieve particle size distributions
of below 125μm. However, this investigation proved that despite the similar handling
methods and source, great variation is still present which can greatly affect the flow of
matrixes.
In general, deviation in specific surface areas of the four fillers can vary up to 30%, simply
arising from the different proportions of minerals in the particles (XRD analysis; resulting in
their degree of crushability), the variation in particle size and shape. It was found in this
study that PSD value of the fillers play a large role in the determination of matrix flow when
different fillers are added to the system. Additionally, the determination of PSD is greatly
influenced by the method employed, whereby here, sedigraphy was shown to be the most
ideal method for measurement of such fine particles.
The purpose of this study highlights that it is important to take into account the type of fillers
employed, even when they are obtained from similar sources or appear to possess similar
mineralogy. PSD, which is a very important parameter must be determined with the right
method to ensure that reliable results could be obtain for proper evaluation of matrixes, etc.
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Appendix
PartAn Image analysis

Figure A1 (top) Shape of asphalt fillers as captured by Image analyzer during measurement
(bottom) overall analysis of the asphalt fillers based on the cumulative number of particles
falling into each range as calculated by aspect ratios of the particles
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Figure A2 (top) Shape of fine fillers as captured by Image analyzer during measurement
(bottom) overall analysis of the fine fillers based on the cumulative number of particles
falling into each range as calculated by aspect ratios of the particles
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Figure A3 (top) Shape of medium fillers as captured by Image analyzer during measurement
(bottom) overall analysis of the medium fillers based on the cumulative number of particles
falling into each range as calculated by aspect ratios of the particles
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Figure A4 (top) Shape of sand fillers as captured by Image analyzer during measurement
(bottom) overall analysis of the sand fillers based on the cumulative number of particles
falling into each range as calculated by aspect ratios of the particles
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Analysis by Mastersizer 2000 (wet method)

Figure A5 PSD of asphalt filler as determined by Mastersizer 2000

Figure A6 PSD of fine filler as determined by Mastersizer 2000

Figure A7 PSD of medium filler as determined by Mastersizer 2000

Figure A8 PSD of sand filler as determined by Mastersizer 2000
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Beckman Coulter Analysis LS13 120

Figure A9 PSD of asphalt filler as determined by Beckman Coulter analysis

Figure A10 PSD of fine filler as determined by Beckman Coulter analysis

Figure A11 PSD of medium filler as determined by Beckman Coulter analysis
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Figure A12 PSD of sand filler as determined by Beckman Coulter analysis
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