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EFFECT OF SHAPE CHARACTERISTICS
OF PARTICLES ON FLOTATION

Shape and morphological properties of barite and pyrite particles ground by autogeneous
and ball milling have been examined by using Scanning Electron Microscope (SEM). Hal-
limond tube flotation tests were performed to evaluate the floatability of particles ground in
different environments. Measurements and SEM observations revealed that particles with
lower flatness and higher degree of roundness have better floatability.

1. INTRODUCTION

In mineral processing grinding is essential to liberate valuable minerals from
gangue. It has been reported that shape properties of ground particles affected
flotation.

Fahlstrom (1974) observed that autogeneous grinding products had lower com-
pactness than conventional milling, which resulted in more selective flotation and
better concentrate grades. Forssberg and Zhai (1985) found that autogeneous grin-
ding generated rounded particles with higher degree of liberation and consequently
higher grade concentrate and better recovery.

On the contrary, low floatability of prereduced ore particles was presumed to
be caused by rounded shape of particles (Hoberg and Scheneider 1978). Huh and
Mason (1974) stated that particle shape and adhesion force between bubble and
particle are strongly related. Detachment of rounded particles from a bubble was
demonstrated to be more likely to happen than the detachment of prismatic partic-
les (Wotruba et al. 1991).

In spite of contradiction it is obvious that shape characteristics of particles are
effective in flotation.

This paper presents the results of a study on the effect of particle shape on
flotation. Comparison of the grinding systems is not the scope of this study; auto-
geneous and ball milling have been applied just to have particles with different
characteristics.
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2. MATERIALS AND METHOD

Materials

In this study, high grade barite and pyrite samples from Beysehir and Kiire
Mines of Etibank Turkey, respectively, were used. The analyses showed that the
barite sample contained 94.22% BaSO , Whereas the pyrite sample contained 96.89%
FeS,, indicating.that both the samples were pure enough for this research.

Sample Preparation and Equipment

For dry autogeneous grinding a 430x225 mm laboratory scale autogeneous
mill with rubber lining was used. Conventional grinding tests were carried outina
laboratory scale porcelain ball mill with a dimension of 150x205 mm. The charge
for autogeneous grinding tests was consisted of three fractions, namely 3.0 kgof—
80+50 mm, 2.0 kg of ~10+1 mm and 1.0 kg of -1+0.147 mm, totaling 6.0 kg.

During dry ball milling, the grinding medium used in the porcelain mill was
3.0 kg of stainles steel balls of the sizes 25 and 19 mm. Feed size of the ore was 1.3
kg of ~10+1 mm and 0.7 kg of —1+0.147 mm.

6 minutes of ball milling gave similar size distribution with 4 minutes of auto-
geneous grinding for barite sample and 23 minutes of ball milling gave similar size
distribution with 20 minutes of autogeneous grinding for pyrite sample, providing
a comparative study on the shape characteristics.

A Jeol-840 Scanning electron microscope was utilized to picture the represen-
tative samples from the sieved fractions for the axes measurements. The particles
with no overlapping and no border out of the picture frame were chosen for the
measurements. About 300 particles were examined for each fraction where § line-
ar lengths and 5 linear widths were measured from each particle. The average of
these lengths and widths were taken as length (L) and width (W) for that fraction.

Flotation tests were performed in multi-bubble Hallimond tube with nitrogen
bubbling. For barite flotation A 845 (Cyanamid) succinamate surfactant was used
as a collector with a dose of 66 g/ton. The pH level was adjusted to 10.5 by NaOH
and barite was floated for 5 minutes. For pyrite flotation, on the other hand, 10 g/ton
Na,S for cleaning of surface oxidation products and 50 g/ton Na ethyl xanthate as
collector were used. Conditioning times were 5 minutes for each reagent and the
froth was collected for one minute.

3. SHAPE CHARACTERISTICS

For characterization of the shape of a particle, a simplified method (F orssberg
and Zhai 1985; Hagerman et al. 1980) has been used. The method calculates the
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area (4) and perimeter (P) of a particle assuming that the projection of the particle
has an ellipse — like shape with the axes of length (L) and width (W).
According to Beyer (1978) 4 and P can be written as

A="rw 1)
4

P=%G(L+W)—W] @

The shape characteristics studied are flatness, roundness, degree of axial equal-
ity, relative width and elongation ratio. The following two parameters can be defi-
ned relative to circle:

2

P
Flatness = — 3)
4nA
4n4
Roundness = _P—z 4

As seen from the Egs. 3 and 4 flatness is actually inverse of roundness. Round-
ness has its maximum at 1.0 for a circle. Conversely, flatness has its minimum
value of 1.0 for a circle.The other shape parameters can be written as:

L
Elongation ratio = p %)

Degree of axial equality =

A4 4
B (6)

L

Substituting the Eq. 1 into the Eq. 6 reduces the equation to W/L which is
defined as relative width.

Degree of axial equality and relative width increase with decreasing major
axis length of the projected particle and hence more rounded grains can be ob-
served.

Elongation ratio and flatness increase with increasing major axis length of the
particle, resulting in more elongated particles.
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4. RESULTS AND DISCUSSION

Barite Sample

The results of measurements of axes revealed that the particles ground by
autogeneous mill have lower flatness and elongation ratio together with higher
degree of axial equality and roundness compared to the ball mill products (Table 1).
To make comparison more clear the relative flatness was also included in Table 1.
Relative flatness is the ratio of the flatness of ball mill to that of autogeneous mill.
The values of relative flatness are above 1.0 in every size fraction, implying that
unevenness of ground particles increases when ball milling is applied.

The flotation results of barite are shown in Figure 1. Test results indicated
that floatability increases in case of autogeneous milling. Autogeneous grinding
which generated particles with lower flatness, elongation ratio and perimeter length
gave better flotation recoveries than those of ball mill grinding. As seen from Figu-
re 1 that as roundness of the projected particles increases, flotation recoveries in-
crease, pointing out the positive effect of roundness on flotability.

Pyrite Sample

The results of measurements of axes given in Table 2 showed that the particles
ground by ball mill have lower flatness and elongation ratio with higher degree of
axial equality and roundness than the autogeneous mill products. The values of
relative flatness are belove 1.0 in every size fraction, showing that unevenness of
ground particles increases when autogeneous grinding is applied.

Figure 2 shows the flotation test results. The problem for the pyrite flotation
was the oxidation of mineral surfaces. Since the oxidation was inevitable, it was
attempted to obtain an equal degree of oxydation by doing the experiments within
similar time durations.

The flotation test results show that the flotation recovery of the particles
ground in ball mill is higher at each fraction. In other words, the particles which
are rounder in shape showed better flotation response. The elongation ratios in
Table 2 also support these results. The particles ground in autogeneous mill have
higher elongation ratios, that is, the floatability of the elongated particles is not as
good as the floatability of the round ones.

These results seem to be in very good agreement with those of the investiga-
tions by Fahlstrom (1974) and Forssberg and Zhai (1985). They also found that
the selective flotation of the particles with higher roundness resulted in higher con-
centrate grade.

The barite particles ground in autogeneous mill and the pyrite particles
ground in ball mill were more rounded in shape. This seems to be contradictory
but, actually, it is not.
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Fig. 1. Flotation results of barite sample

The comparison of autogeneous and ball mills from the flotation point of view
is not the scope of this study. These grinding methods were applied just to produce
the particles differing in shape. The comparison of the grinding systems with the
presented data would lead to wrong conclusions mainly because the simulation of
autogeneous grinding is not as easy as the simulation of conventional grinding and
requires much more extensive grinding tests. Moreover, the speed of ball mill,
which runs at constant speed by design, was 58.5% critical speed, being lower than
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Fig. 2. Flotation results of pyrite sample

it should be. Actually, higher mill speed could make the difference in shape charac-
teristics more distinctive.

Therefore this study refers the flotation behaviour of the particles to the shape
properties not to the grinding systems.
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5. CONCLUSION

Although the mechanism how the shape of a particle affects the flotation is to
be determined it has been found that the particles having higher roundness and
degree of axial equality, lower elongation ratio, and flatness showed better floata-
bility.
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Skaningowym mikroskopem elektronowym badano ksztalt i morfologiczne whasciwosci ziarn
barytu oraz pirytu rozdrabnianych w mtynie samomielacym i w mtynie kulowym. Przeprowadzo-
no réwniez testy flotacyjne w celce Hallimonda, aby oceni¢ flotowalnos¢ ziarn rozdrabnianych w
réznych warunkach. Badania flotacyjne i obserwacje mikroskopowe wykazaly, Ze ziarna plaskie
z wysokim stopniem okraglosci flotowaty lepiej niz inne ziarna.
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