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Abstract

This study interprets the breakage mechanisms at Buzwagi comminution circuit by using particle
shape properties. The particle shape properties of aspect ratio, angularity, convexity and solidity
were acquired from a mineral liberation analyser using DataView software. The results indicated
that ground particles at Buzwagi comminution circuit were more elongated with mean aspect
ratio ranges from 1.5893 to 1.6426, less angular with mean angularity values from 0.3770 to
0.4137 and smoother with mean convexity values from 0.9766 to 0.9817. The study concludes
that ore particles at Buzwagi comminution circuit were ground by the combination of impact as
a dominant mechanism and abrasion as a less dominant mechanism. The information on particle
shape properties from comminution circuit can be used to predict the performance of downstream
processes such as gravity and flotation.

Keywords: Breakage mechanism; Particle shape properties; Comminution circuit; MLA
DataView; Gold ore.

Introduction

The use of particle shape properties in
mineral processing design and operations is
increasing nowadays due to advances in image
analysis technologies such as mineral
liberation analysis (MLA), scanning electron
microscopy (QEMSCAN) and X-ray micro-
computer tomography among others. Particle
shape plays an important role in various
mineral processing operations. In grinding
operation, it can be used to interpret the type
of breakage mechanism occurring in the
comminution devices. For instance, grinding
mills employing impact breakage mechanism
cause bulk fracture which results in the

production of irregular and elongated particles
whereas mills using attrition and abrasion
breakage mechanisms tend to produce more
spherical and rounded particles
(Pourghahramani 2012, Asghari et al. 2020).
Moreover, in flotation process, angular and
elongated particles favor high flotation
recovery and high degree of entrainment
compared to rounded particles (Vizcarra et al.
2011b, Wiese and O'Connor 2016). In
filtration process, spherical particles have
lower cake resistance compared to non-
spherical particles (Bourcier et al. 2016). In
equipment wearing such as as mill liners and
slurry pumps, the wearing rate decreases with
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an increase in particle circularity (Walker and
Hambe 2015, Xu et al. 2019). In rheological
properties such as slurry viscosity, spherical
particles show lowest viscosity compared to
non-spherical particles (He et al. 2004). In
surface liberation measurements, particle
shape factors such as aspect ratio has great
influence on stereological bias (Ueda et al.
2017, Ueda et al. 2018).

Mineral particles are generally irregular in
shapes and previous investigators have
reported various particle shape parameters to
describe them. This includes aspect ratio or
elongation  (Abazarpoor et al. 2018),
angularity (Vizcarra et al. 2011a), circularity
(Barani et al. 2021), roughness (Abazarpoor et
al. 2018), equivalent circle diameter
(Abazarpoor et al. 2018) and roundness (Little
et al. 2017). The detail of common particle
shape parameters is described in Table 1 using
equations 1-8.

Many previous investigators (e.g., Frances
et al. 2001, Yekeler et al. 2004, Ulusoy 2008,
Verrelli et al. 2014, Little et al. 2015, Little et
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al. 2016, Abazarpoor and Halali 2017,
Kinnarinen et al. 2017, Little et al. 2017,
Moosakazemi et al. 2017, Abazarpoor et al.
2018, Ma et al. 2018, Yin et al. 2019, Asghari
et al. 2020, Guven et al. 2020, Ulusoy 2020,
Barani et al. 2021, Uysal et al. 2021) on
particle shape characterization in mineral
processing have studied materials other than
gold ores. A recent study by Fuanya et al.
(2019) investigated particle shapes on gold
ores. However, their study focused on
interpretation of the transport environment of
placer gold from the source, rather than
breakage mechanism in comminution process.

This study is aimed at interpreting the
breakage mechanisms in comminution process
by using particle shape properties. This is an
extension study of the previous work by
Wikedzi (2018) on the optimization and
performance of grinding circuits at Buzwagi
gold mine in Tanzania. Although the Buzwagi
gold mine is at closure stage, the information
in this study may help other mining operations
with similar type of ore mineralogy and grade.
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Table 1: Common particle shape parameters in mineral processing operations.

Particle shape

descriptor

Formula

Silence features

References

Aspect ratio

Angularity

Circularity

Roughness

Equivalent circle
diameter

AR = & 1

where AR is aspect ratio, L is the maximum ferret diameter
(also known as maximum axis of fitted ellipse) and W is the
minimum ferret diameter (minor axis of fitted ellipse).
P’
= B )
Where A is angularity, B, is the perimeter of the particle
along the maximum axis and A,, is the projected surface area
of the particle.
4mA,
B’
It is simply an inverse of angularity.
where B, is the perimeter of the particle along the maximum
axis and A, is the projected surface area of the particle.
As
R = E TR ) |
where R is roughness, A, is the smallest area of the
circumscribed circle and A,, is the projected surface area of a
particle.

(3

where ECD is an equivalent circle diameter and 4, is the
projected surface area of a particle.

A perfect round grain would
have a flatness or aspect ratio
of one while elongated grain
would have aspect ratio of
less or more than one.

A more angular particle has
angularity more than one, a
less angular particle have
angularity value less than one
and spherical particles have
angularity value equal to one.

A perfect circle has circularity
of one while irregular shape
has circularity less than one.

A smooth surface has
roughness of one while
irregular particles tend to have
high values of roughness.

The diameter of a circle with
the same area as the particle.

Abazarpoor et
al. (2018)

Vizcarra et al.
(2011hb)

Barani et al.
(2021)

Abazarpoor et
al. (2018)

Abazarpoor et
al. (2018)
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6

7

8

Roundness

Convexity

Solidity

44,
Ro = E (6)
where R, is roundness of a particle, 4, is the projected

surface area of a particle and L is the maximum ferret
diameter.

P

X Pp

where C, is convexity of a particle, P, is the convex hull
perimeter of the particle and B, is the actual perimeter of the
particle.

A

S = A—” TR ( )

[
where S is solidity of a particle, 4, is projected surface area
of the particle and A, is the convex hull area.

A more round particle have
roundness value approaching
one.

Little et al.
(2017)

It is a measure of the particle
edge roughness. As shape
become smoother, convexity
is approaching one.

Olson (2011a)

It is a measure of the overall

concavity of the particle. Very

smooth, rounded particles Olson (2011b)
have solidity values

approaching one.
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Methodology

This study used three broad (unsieved)
samples (S1-6, S2-6 and S3-6) of low grade
sulphide gold ore with particle size ranges
from 0 to 1 mm obtained after ball milling of
crushed bulk samples. The crushed bulk
samples were collected from the feed
conveyor of semi autogenous grinding (SAG)
mill at Buzwagi gold mine in Tanzania and
were prepared through staged crushing (in
laboratory jaw and cone crushers) to < 5 mm
followed by ball milling before conducting
mineral liberation analysis.

The mineral liberation analysis was
conducted by using an automated mineralogy
analyser (FEI MLA 600F system) at the
Department of Mineralogy, TU Bergakademie
Freiberg (Germany) by the previous
investigator (Wikedzi 2018). Further details
on the sample collection procedure through
the grinding circuit survey campaign and

Q1 = QUARTILE (array, 1)

Q3 = QUARTILE (array,3)

IQR = Q3 —

Lower bound = Q; — 1.5 *IQR

Upper bound = Q3 + 1.5 *IQR

Outlier = OR(target cell < lower bound, target cell > upper bound)

mineral liberation analysis are in the previous
works of Wikedzi and co-authors (Wikedzi
2018, Wikedzi et al. 2018, Wikedzi et al.
2020).

This study is an extension of previous
work by Wikedzi (2018) aimed at interpreting
the breakage mechanism at Buzwagi
comminution circuit by using particle shape
properties acquired through MLA. The MLA
DataView software was used to analyse the
particle shape properties (aspect ratio,
angularity, convexity and solidity) where data
related to particle shape parameters from
MLA DataView software were exported into
Microsoft excel for further analysis. The
exported data was processed to remove
outliers by using Equations (9-14) and was
presented by using normalized frequency
distribution plots.

)

(10)

(11)

(12)

(13)

(14)

where Q, is the first quartile, Q5 is the third quartile and IQR is the interquartile range.

Results and Discussion

Aspect ratio frequency distribution for
Buzwagi gold ore comminution products
Aspect ratio frequency distribution plots for
Buzwagi gold ore comminution products are
presented in Figure 1. It can be seen that both
samples (i.e., S1-6, S2-6, and S3-6) have
aspect ratios of at least one and at most three
which are skewed to the left with mean values
of 1.6141, 1.5893, and 1.6426 for sample S1-
6, S2-6 and S3-6, respectively. This implies
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that, in all samples the ground particles are
elongated with the highest mean value
observed for S3-6, followed by S1-6 and S2-
6. Moreover, the results imply that impact
breakage was the dominant mechanism for
particles breakage at Buzwagi comminution
circuit rather than attrition breakage which
often produces more round particles (Vizcarra
et al. 2011b).
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Figure 1: Aspect ratio frequency distribution plots for Buzwagi gold ore comminution products.

Angularity frequency distribution for
Buzwagi gold ore comminution products
Angularity frequency distribution plots for
Buzwagi gold ore comminution products are
shown in Figure 2. It can be observed that
particles in both samples (i.e., S1-6, S2-6, and
S3-6) are less angular with mean values of
0.4053, 0.3770 and 0.4137 for sample S1-6,
S2-6 and S3-6, respectively, implying that
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particles have smoother surfaces and few
edges. This information suggests that in
addition to the impact breakage, there was
existence of attrition forces on the particles
which resulted to smooth surfaces (Vizcarra et
al. 2011b).
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Figure 2: Angularity frequency distribution plots for Buzwagi gold ore comminution products.

Convexity frequency distribution for 0.9817 and 0.9766 for sample S1-6, S2-6 and

Buzwagi gold ore comminution products S3-6, respectively, implying that particles
Convexity frequency distribution plots for ~ were smoother and there was existence of

Buzwagi gold ore comminution products are  abrasion forces during the comminution

presented in Figure 3. It can be seen that process.

particles in all samples (i.e., S1-6, S2-6, and

S3-6) are smooth with mean values of 0.9790,
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Figure 3: Convexity frequency distribution plots for Buzwagi gold ore comminution products.

Solidity frequency distribution for and 0.7315 for sample S1-6, S2-6 and S3-6,

Buzwagi gold ore comminution products respectively. These results correlate with those
Solidity frequency distribution plots for  observed from Figure 2 and Figure 3, implying

Buzwagi gold ore comminution products are  the existence of abrasion forces during

shown in Figure 4. It can be seen that particles  comminution processes.

in all samples (i.e., S1-6, S2-6, and S3-6) are

smooth with mean values of 0.7240, 0.7255
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Figure 4: Solidity frequency distribution plots for Buzwagi ore comminution products.

Particle shape images of Buzwagi gold
mine comminution products

The particle shape images for Buzwagi
comminution products are shown in Figure 5.
It can be seen that all samples (S1-6, S2-6 and
S3-6) products are elongated and have smooth
surfaces. This implies the presence of both
impact and abrasion forces during the
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comminution process. Moreover, the main
gold bearing mineral phase (pyrite-pyrrhotite)
has more smooth surfaces compared to many
gangue minerals. Therefore, particle shape
images provide qualitative information on the
type of breakage mechanisms involved during
the comminution process.
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MLA particle shape images for Buzwagi ore comminution products: (a) Sample S1-

TU Bergakademie Freiberg (Germany) for

Figure 5:
6, (b) Sample S2-6, (c) Sample S3-6 and (d) Legend.
Conclusions
The interpretation of  breakage

mechanisms of Buzwagi comminution circuit
by wusing particle shape properties was
conducted and concluded that ground particles
at Buzwagi comminution circuit are more
elongated with mean aspect ratio ranges from
1.5893 to 1.6426, less angular with mean
angularity values from 0.3770 to 0.4137 and
smoother with mean convexity values from
0.9766 to 0.9817. This implies ore particles at
Buzwagi comminution circuit were ground by
the combination of impact as a dominant
mechanism and abrasion as less dominant
mechanism. In addition, the information of
particle shape properties of ground particles
can be used to forecast the performance of
downstream mineral processes such as gravity
and flotation.
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