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In the northern region of Brazil, enormous amethyst quartz waste is generated
in mining, currently with no final destination, being stored without commercial value.
However, it can be used to produce artificial aggregates, aiming to provide a solution to
the storage problem of this material. To reduce the waste, crushing and grinding were
used, investigating the factors influencing comminution, such as mineralogical proper-
ties and size settings, filling, speed and grinding time. Fragmentation was carried
out on a laboratory-scale using a jaw crusher and ball mill. The factors in crushing
depend on the gap and set, constants, while in grinding, with constant critical
speed, the filling factor, the balls:sample ratio and grinding times were considered vari-
ables. The fineness modulus for fine aggregates was used. Based on the particle size
distribution of crushing and grinding products, the production of coarse particles in
crushing is the highest (75%), being considered as coarse aggregates, while the produc-
tion of fine particles in grinding is lower (25%) and is considered as fine aggregates.
The banded quartzite influences the comminution, more favorable to produce a
coarse aggregate. The distribution of particle size shows that within the coarse aggre-
gates, 40% corresponds to G1 gravel. Crushing is determined by the size settings and
grinding by the grinding time. For longer grinding times, there is a greater reduction in
grain sizes, and for shorter times, the reduction is smaller. The waste could be fed into
comminution to produce coarse and fine aggregates for civil construction, achieving a
long-term sustainable supply of aggregates in the required quantities.
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1. Introduction

The consumption of aggregates in
civil construction has increased consider-
ably in the world, being considered a criti-
cal aspect of any country’s development,
especially in fast-developing countries like
Brazil, where in 2020, the consumption of
sand and gravel was 353Mt and 252Mt

respectively, totaled 605Mt (Sindipedras
2020). The extraction of fine (sand) and
coarse (gravel) aggregates generates sig-
nificant environmental impacts, and the
quarries and sand deposits are becoming
exhausted near the big cities, whereby
the price of aggregates is increasing.

Infrastructural development requires a
constant concrete supply, whose primary
component aggregates are procured from
a natural source (Singh et al. 2022).
Aggregates for civil construction are
obtained from a variety of rock materi-
als, consolidated or granular, fragmented
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naturally or through an industrial process.
They can come from sedimentary rocks,
such as sandstones and siltstones, among
others; metamorphic ones, such as quartz-
ites, limestones and gneisses; igneous mate-
rials, such as granite, syenites, basalts and
diabases (Almeida & Luz 2009; Kirthika
et al. 2020). Granites, gneisses, diorites
and basalts are rocks are commonly used
as aggregates in Brazil (Martins et al
2023), but alternatives, such as natural
gravel is being used as recycled coarse ag-
gregate and promote the use of recycled
fine aggregate (Behera et al. 2019; Pavlu ez
al. 2019). Mine tailings can also be used
as aggregates. These tailings having char-
acteristics that are harmful to the environ-
ment due to disposal and storage, generally
have a low commercial value, as they are
not the main object of the mining project.
This material is an inconvenience to the
main activity, as large areas must be made
available for temporary or permanent stor-
age. Waste products need to be controlled
to maintain the environment and prevent
contact with workers, thereby prevent-
ing accidents and the spread of diseases
(Carvalho et al. 2022). Fine aggregates
used in the production of concrete and
mortars are basically natural sand from
riverbeds, and there is a tendency to use
artificial aggregates from rock crushing.
However, aggregates produced by crushing
rocks, such as limestone, granite and ba-
salt, lose in quality to natural aggregates,
due to their angular and flaky shapes (Raut
& Ugale 2016) which usually produce
poor workability (Bajad & Sakhare 2018;
Kirthika et al. 2020; Cao et al. 2022).
Brazil is one of the largest producers
and exporters of minerals in the world,
having 95% of the world reserves of sand
and gravel. The largest explorations occur
in the states of Pard and Minas Gerais,
thus producing high waste as sterile and
tailings. This last material has emerged as
a viable alternative to natural aggregates,
being abundant near the mines. In Para,
there are the deposits of Maraba (Alto Bo-
nito) where amethyst gems are produced

2. Materials and methods

2.1 Material

The material collected in the Alto
Bonito mine, 200kg, consists of centimet-
ric blocks (Figure 1) of white colored rocks
with light pinkish to lilac tones, medium
or fine-grained, and rarely coarse of cen-
timeter crystals of amethyst quartz. The
rocks correspond to metamorphic silicic

from the ore sorting of the quartzites, as
well as, producing amethyst waste (sterile
and tailings) of large size, normally depos-
ited in open-air yards without economic
use. Crushing and grinding processes are
necessary to produce coarse and fine ag-
gregates with the granulometry required by
the Brazilian standards NBR 7211:20109,
which establishes the characteristics re-
quired in the reception and production
of aggregates, fine and coarse, of natural
origin, found fragmented or resulting from
rock crushing. Quartzite is a granoblastic
metamorphic rock mainly consisting of
quartz, and formed by recrystallization of
sandstone or flint by contact or regional
metamorphism, which can provide high
quality aggregates (Smith & Collis 2001;
Almeida & Luz 2009; Carvalho et al.
2022). However, few studies involving
the use of the quartzite as an aggregate
in the civil construction are available in
Brazil (Collares et al. 2012) because the
quartzite is basically used as coating stone,
and thus, should be extracted in plaques,
obeying width and length standards. All
the material extracted not obeying this
standard is disposed as waste and used for
ceramics (Collares et al. 2012; Cabello et
al. 2013; Martins et al. 2023).

In the treatment of ores, comminu-
tion, such as crushing and grinding, is usu-
ally used to release the ore minerals, and
subsequently, separate them by mineral
concentration, obtaining a concentrate
and tailings; or achieve the required grain
size of the mineral raw materials. Only
crushing and grinding can also be applied
to the treatment of amethyst waste as ag-
gregates, having a very important role in
terms of the final quality of the aggregates.
It is possible to achieve the optimization
of aggregate production, and thus, achieve
a long-term sustainable supply of aggre-
gates in the required quantities (Hartmut
2012; Pacana et al. 2021). Crushing and
screening is the first controlled size reduc-
tion stage in the process. This is the main
process in aggregate production and a
preparation process for further size reduc-

acid rocks, classified as quartzite, with
polycrystalline granoblastic and banded
textures of fine to medium granulation
consisting mainly of quartz (98%) and
sericite (2%) (Figures 2a, 2b). These
pretrographic studies were confirmed by
X-ray diffraction (XRD). The material has
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tion. The comminution using crushing and
grinding processing is the most energy-
consuming technological process with en-
ergy costs between 5-7% for crushing and
80-90 % for grinding (Jeswiet & Szekeres
2016), being complex their processing. In
the crushing, the particle size distribution,
composition and physical properties of
the feed, including size settings (OSS and
CSS), speed, and the choke level, as well
as the power draw and chamber pressure,
are factors that influence this operation
(Wills 2006; Asbjornsson et al. 2022;
Yamashita ez al. 2022). In the grinding,
hardness, density, brittleness, mud con-
tent, distribution characteristics, particle
size, grinding fineness and other proper-
ties of the ore have an important effect on
the production capacity of the mill. Dry
or wet grinding, steel ball size or shape,
feed particle size, grinding concentration,
grinding time, filling factor, rotational
rate and other operating conditions will
also significantly influence this operation,
which must be studied to understand the
reduction of suitable sizes to be used in the
civil construction industry.

Meanwhile, the extraction of ame-
thyst in the Alto Bonito mine, Para/Brazil,
has been done mostly in a rudimentary
way, extracting fragments of crystals
for cutting or well-used as ornamental
pieces with low recovery. This generates
enormous banks of unquantified waste
with no final destination, causing huge
ecological and environment damage,
causing landscape degradation, contami-
nation by dust, and the silting of rivers.
Quartz waste has emerged as a viable
alternative to gravel and river sand as
artificial aggregates in civil construction,
aiming to provide a solution to the stor-
age and environmental problem of this
material with no commercial value in
the northern region of Brazil. Laboratory
tests of crushing and grinding were done
to analyze the viability of reducing the size
of coarse material to a finer one to be used
as raw material in industrialized mortars
and concrete components.

a hardness of 7 on the Mohs scale. The
chemical composition of the waste was
determined by X-ray fluorescence (XRF)
and shows greater amounts of 5i0,:90%
and minor amounts of AL, O,, Fe,O, and
K,O (Gorayeb et al. 2023) confirming the
petrographic tests.



Figure 2 - a) Polycrystalline granoblastic quartz, b) Banded quartz and serici

2.2 Methods
2.2.1 Crushing

The crushing operation was car-
ried out in a jaw crusher on laboratory-
scale with 10 cm x 18 cm gap opening
and 24 cm depth of crushing chamber.
The maximum size of the crushed
waste is 18 cm at the gap of the crusher,
being the range of the set size between
8 to 20 mm, which determines the grain
size to be used in grinding. Before commi-
nution, the blocks’ material was crushed

2.2.2 Grinding
The grinding operation was carried
out on a laboratory-scale, using a cylindri-

1 ) N 3 »

w ‘l& 0.5Smm o o .-' % X

down to small fragments using a sledge-
hammer until reaching the size of feed for
the crusher, with a grain size of 10-16 cm
compatible with the jaw crusher. The jaw
crusher was used for the direct crushing
of 200kg raw material in order to obtain
the desired granulation close to coarse
aggregate, as well as to process for initial
grinding. The crushed waste was homog-
enized and divided in a Jones splitter.

cal ball mill Matoli with specifications
set for the grinding conditions shown in

Table 1 - The specifications set for grinding.
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te alternated. Crossed-polarized light of amethyst quartz waste.

In this first stage of comminution,
the crushed material was sieved according
to norm NBR 7211:2019 obtaining sizes
with nominal size aggregates: Gravel 0
(4.8-12.5mm), Gravel 1 (12.5-25mm),
Gravel 2 (25-50mm), Gravel 3 (50-76)
and Gravel 4 (76-100mm) (ABNT NBR
7225:2009). To separate the granulomet-
ric fractions, a vibrating ROTAP screening
equipment was used.

Table 1. The operational speed is 65 rpm
corresponding to 87% of its critical speed.

Specifications ball mill

Diameter, D (cm) 31

Length, L (cm) 33

Volume, V (cm?) 24000

Critical speed, Nc, (rpm) 75%

Operational speed, N (87 %), (rpm) 65
Material
Quartzite
Specific gravity (g/cm?) 2.65

* Calculated from Nc=42.3 /VD (D in meters)
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Measurement of the charge
height (F) within a mill is a convenient

where H_ (cm) is the height of top of
the balls under the mills liners, and R (cm)
is the mill’s ratio. This equation is profitable
for determining the whole mill load volume,
which includes stone and metallic balls.

With these specifications, the pa-
rameters for the grinding tests were deter-
mined, where H_is 21, 20 and 19, and F

2.2.3 Fineness modulus

For aggregates used in concretes,
another common gradation description
for fine aggregate is the fineness modu-
lus (FM). This is not an indicator of the
particle size, since an infinite number of

3. Results

3.1 Crushing

The results of the particle size frac-
tions of the amethyst residue obtained
during crushing are shown in Figure 3a,
as well as their percentage classification

according to the type of coarse aggregate
(Figure 3b) following the norm NBR

method to estimate the charge volume
(Gupta & Yan, 2016). As a general

H

F=113-63 R

is 28, 31 and 38. The grinding tests were
performed at various grinding times (3,
5,10, 15 and 20 min). These times were
chosen because grinding was carried out
for 30 minutes on the same material with
the balls:sample ratio (1:0.1) (Gorayeb et
al. 2023) resulting in very fine material,
thus, defining the balls: sample relation-

particles have the same value for the fine-
ness modulus. FM is an index to determine
the granulometric characteristics of the
aggregates and is defined as the number
that is obtained when dividing per 100 the

Gravel 0 (4.8-12.5mm), Gravel 1 (12.5-
25mm), Gravel 2 (25-50mm), Gravel 3
(50-76) and Gravel 4 (76-100mm).

In Figure 3a, the d,, passing cor-
responds to 18mm, and indicates that the
aggregate is finer than G1 (12.5-25mm).

rule, the Charge height (%) was used
(Equation 1).

M

ship as 1:0.25; 1:0.5 and 1:1.

In this second stage of comminution,
the ground material was sieved according
to norm NBR 7211:2019, obtaining sizes
with nominal fine aggregates having frac-
tions of 19.1 mm, 12.7 mm, 9.52 mm,
6.35 mm, 4.76 mm, 2.38 mm, 1.19 mm
and 0.6 mm.

sum of the retained portions accumulated
in sieves of the standard series, being
described in NBR 7211:2019. A typical
fineness modulus for fine aggregate used
in concretes is between 2.70 and 3.00.

and GS. This data in G1 is limited by the
maximum opening set (20mm) of the jaw
crusher opening. The aggregate fractions
are distributed between groups of gravel
G2 (6.2%) G1 (40.5%) and GO 27.8%
being 25.5% passing for fine aggregate

7211:2019 and NBR 7225:2009, being  Thus, only 20% passes as G2, G3. G4  production (Figure 3b).
./
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Figure 3 - a) Granulometric distribution of coarse aggregate, b) Distributed gravel in groups.

3.2 Grinding

Obtaining fine aggregates through
grinding showed varied results, as shown
in Figures 4, 5 and 6. The balls:sample ratio
was evaluated as a function of grinding

time and vice versa time as a function of
the balls:sample ratio.

Analysis of the balls:sample ratio
(1:0.25; 1:0.5 and 1:1) with grinding time
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(20,15, 10, 5, 3 min) (Figure 4) shows gran-
ulometric distribution curves significantly
differentiated from each other, showing the
influence that the grinding time has.
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Figure 4 - Granulometric distribution curves for the balls:sample ratio with grinding time. a) 1:0.25; b) 1:0.5, ¢) 1:1.

For the 1:0.25 ratio and 20 minutes
of grinding, the curve shows a d,, with a
smaller grain size of 13 mm, but as the
grinding time decreases, these sizes have
to increase to 15 mm, with smaller grain
size reduction (Figure 4a). The curves tend
to be parallel to the edge of the sieve size,
indicating that they are constant in the
production of material at a constant time.

For the 1:0.5 ratio, the d , of the
granulometric curve distribution has a
grain size of less than 13mm, being similar
in all curves (Figure 4b). At times greater
than grinding (20, 15 and 10 min), the
curves tend to be parallel to the axis of
sieve size, indicating to be constant in

the production of material at a constant
time, but at smaller grinding times (5 and
3 min); the trend is a minor reduction in
size fed to the mill.

For the 1:1 ratio, the dy, of the
granulometric curves distribution shows
grain sizes less than 13 mm, similar in all
curves (Figure 4c). The difference of the
granulometric curves of this 1:1 relation-
ship with the other proportions, is that
the curves are not parallel to the sieve size
axis, as well as decreasing the grain size.

Analysis of grinding time (20,
15, 10, 5, 3 min) with the balls:sample
ratio (1:0.25; 1:0.5 and 1:1) (Figure 5)
shows granulometric distribution curves

slightly differentiated from each other,
showing that the curves are similar at
longer grinding times, but decrease at
shorter grinding times following the
balls:sample ratio.

In all granulometric curves (Figures
5a, Sb, 5c, 5d and Se), the d, are a closely
smaller grain size of 13 mm, but after
this grain size, there is a gradual decrease
between the curves for different grinding
times. When considered the d., this is
not observed in longer grinding times
(20, 15 and 10min) except for 1:1 ratio.
However, d,, shows homogeneous
grain sizes at shorter grinding times
(5 and 3 min).

100
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Figure 5 - Granulometric distribution curves to grinding
time with balls:sample ratio. a) 20 min; b) 15 min; ¢) 10 min; d) 5 min; e) 3 min.
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Based on the data from the par-
ticle size distribution curves, the
behavior of the grinding time for the
production of fine aggregates (2mm
sand) in function of the balls:sample
ratio was plotted (Figure 6). Comparing
the passing (%) with the sieve size which

corresponds to the sand fraction (fine
aggregate: 2 mm), there is produced
approximately 70%, 62%, 55%, 52%
and 45% of fine aggregate, decreasing
with grinding time, but with slight dif-
ferences between balls:sample ratio, i.e.
similar to the behavior of grinding with

Fine aggregate (sand 2mm)
80 -

70 n
K60+ 3
S
= 2
S [
3
8 50 s
850
) |
[ ]
40
30 . ; . .
20 15 10 5 3

Grinding time (min)

1:0.25 ratio. The finer the aggregate,
the shorter the grinding time. Thus, at
all grinding times, a gradual reduction
of the material occurs. This clearly
shows that grinding time is a factor
that determines the granulometry of
the material.

Figure 6 - Behavior of the grinding time with production of fine aggregates (2mm sand) in function of the balls:sample ratio.

3.3 Fineness modulus for fine aggregates

The results obtained from the fine-
ness modulus are shown in Figure 7, with
the curves of the fineness modules being

plotted according of NBR 7211:2019
showing a zone between the lower limit
2.3 and upper limit 3.0 for the produc-

ratio
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404 —e— 1:0.5

—Ah— 11
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B304 ... PP

£ | D e Nttt

2

025 Selected grading

L I S

Y20

Lower limit

0 5 10 1I5 20
Grinding time (min)

tion of fine aggregate, which corresponds
to different groups of sand indicated as
selected grading.

Figure 7 - Fineness modulus curves for different processing times grinding and balls:sample ratio with selected grading zone.

4. Discussion

4.1 Coarse aggregate

There are few parameters that can
be modified in the jaw crusher, and few
studies have been found to compare the
data obtained. However, the following
can be considered:

The sizes of crushed waste from the
jaw crusher are limited and determined
by the set (8mm to 20mm), 80% of which
corresponds to a maximum of 18mm, and
only 20% are sizes between 18mm and
50mm. Of the 100% of sample waste,
75% can be used as gravel, distributed
between G2, G1 and GO with a higher
proportion for G1 (40% between 12.5mm
to 25mm). The mechanism involved in

mineral breakage during comminution in
jaw crushed are a combination of impact
fracture and cleavage of particle under
compression (Wills 2006), pressing par-
ticle of bed textures (Abouzeid et al. 2020)
or foliated quartzite (Martins et al. 2023)
to break coarse particles similar to banded
textures, but the granoblastic textures, of
fine to medium grain are present in the
coarse particles. The results of the coarse
aggregates with 75%, such as G2, G1 and
GOm showed high uniformity of the jaw
crusher, when producing banded textures.

The size of the fraction fed to the
jaw crusher with 18cm at the gap did not

REM, Int. Eng. J., Ouro Preto, 78nspe.1, e230168, jan. mar. | 2025

have a significant effect on the average
crushing, with the texture and form being
more important (Omary et al. 2016). Thus
sizes larger than the set (20mm) passed this
aperture due to the metamorphic class of
granoblastic and banded rock. The cause
of the difference between the gravel aggre-
gates resulted from this texture shape and
form. Banded textures in amethyst waste
indicate high shearing stresses in their for-
mation, which induce a reduction in grain
sizes in aligned elongate rock fragments,
but the anisotropic weaknesses reduce the
abrasion resistance of concretes (Smith &
Collis 2001) similar to aggregates pro-



duced from quartzites in the state of Minas
Gerais, Brazil (Martins et al. 2023).

Itis important to pay attention to the
minerals that occur in the waste (Pacana et
al. 2021), with major quartz and hardness
7 on the Mosh scale because this influences
the crushed fractions. Quartzite with high
silica and microcrystalline quartz, when
occurring in a particle with different
crystal sizes and average hardness, affect
the microstructure and collision behavior
during particle crushing, as well as, the me-

4.2 Fine aggregate

Based on the grinding results of
three different balls:sample ratios and
five grinding times, varied and distinctive
granulometric distribution curves were
obtained, providing this unit operation,
granulometric fractions with characteris-
tics of fine aggregates, but with a grinding
behavior depending on the grinding time.
All these characteristics are summarized
in Figure 6, when compared with the sand
grain size (2mm, constant).

Figure 6 shows that at longer grind-
ing times, for example 20 minutes, there
is a significant granulometric reduction
verified by the greater % of passing mate-
rial accumulation. As for shorter grinding
times, for example 3 minutes, the reduction
decreases with fewer % passing material
accumulated. This means that the longer
the grinding time, the higher the energy
expenditure and vice versa, the shorter
the grinding time, the lower the energy
expenditure. This is because the amount
of energy required for breakage is inversely
proportional to particle size, grain size and
grain orientation of the host rock material
(Wills 2006; Gaesenngwe et al. 2021).

Various authors (Fuerstenau &
Somasundaran, 1963; Luz et al. 2018;
Kohobhange et al. 2018) show that the
granulometric distribution of the grinding
products, with the variation of the grinding
time, at long grinding times, regardless of
the type of grinding load, greater produc-
tion is generated of fine particles, due to
the high surface energy. The production
of fine aggregate, sand, is affected by the
grinding time.

Itis also observed that the balls:sample
ratios are slightly different, but do not affect
the decrease in reduction with the grinding
time. With constant grinding times, it can
be seen that the % of passing material ac-
cumulated is similar, with little variation,
showing that under these grinding condi-
tions the filling factor does not influence the
size reduction. But when the grinding time

chanical properties of abrasion resistance,
shear stiffness, etc. Quartz in granite,
diabase (Wang er al. 2021) and diorite
(Gaesenngwe et al. 2021) make them have
similar performance in mechanical behav-
ior, which also shows a high level of hard-
ness, a fact that can occur with amethyst
quartz waste. Variations in silica decide the
big difference in the general properties of
a particle (Wang et al. 2021).

The data shows that the main
advantage of this first stage of com-

decreases, the filling factor influences the
size reduction, with a greater proportion of
coarse fractions produced, Therefore, the
effect of filling factor on amethyst waste is
not obvious, suggesting that in the grinding
process of this material, the impact mecha-
nism of grinding media (Ma et al. 2022; Ma
et al. 2023) has an important contribution
to the formation of coarse particle sizes in
the product.

When the grinding time is shorter,
the % of passing material accumulated
decreases for all fillings. In extreme cases,
accumulated curves d,; < 10mm are ob-
served in the gravel margin for 20 min and
accumulated curves d,; < 2 mm for 3 min
in the sand margin. As noted, grinding time
is a significant factor affecting the particle
size composition, and with the extent of
grinding time, the curves of fine particle size
basically decreases linearly (Ma et al. 2022).

Similarly with crushing, it is impor-
tant to pay attention to the granoblastic and
banded texture of quartzite, constituted
mainly by quartz and chemical composi-
tion. The waste is homogeneous, which can
give rise to a constant grindability of the
quartz (Rosa & Luz, 2011), with a break
in the limits of the grains with high surface
energy (Beke, 1981). Feldspar (banded) is
broken faster than quartz (crystalline), as
well as, silica values are high in the mate-
rial. Feldspar particles will be reduced more
quickly than quartz, but the quartz will
have more efficient breakage (Umucu &
Deniz 2014). According to this approach,
banded particles of amethyst waste with
equigranular shape (Figure 2), are easier
to grind.

Asa consequence of this second stage
of comminution, it can be observed that
grinding produces fine aggregates with a
high dependence on grinding time.

Following the fineness modulus
(Figure 7), there can be discussed:

- A grinding time of 10 to 20 minutes
with a 1:1 balls:sample ratio is necessary to
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minution is the large production of
coarse aggregates, 75%. However, if the
coarser fractions are returned to crush-
ing, they can generate less coarse aggre-
gate, increasing the amount of fraction
for grinding. The problem related to
crushing is the fact that it is a random
process (Abouzeid et al. 2020) not only
in occurrence from circumstance, but
also in geometry, composition of the
minerals, and the particle orientation
at which the rocks are smashed.

produce fine aggregates.

- It takes 7 to 12 minutes of grind-
ing with the balls:sample (1:0.5) ratio, to
produce fine aggregates

- With the balls:sample (1:0.235) ratio,
5 to 15 minutes are the needed minutes of
grinding to produce fine aggregates

As a consequence of the previous
points, a reduction with longer grinding
time, must consume more energy, but the
amount of fine aggregate produced would
be greater, since reduction with shorter
grinding time has a lower consumption of
energy, but the amount of fine aggregates
produced is smaller. Therefore, it is neces-
sary to evaluate the cost:benefit ratio from
an economic point of view. Aggregate plays
a vital role in concrete, representing more
than two thirds of the concrete (ABNT
NBR 7211) for example in a 1:2:3 or 1:2:4
traces to concrete, coarse aggregate occu-
pies about 50 — 60 % (30 — 35% occupied
by fine aggregates) (Kirthika et al. 2020),
which means that the production of coarse
aggregate from amethyst waste at 75% can
result in a marketable end product, at the
same time, considering that the cost be-
tween 5 - 7% for cheaper crushing (Jeswiet
& Szekeres, 2016), suggests that it is more
viable to fragment in this unit operation.

The aggregates production from
comminuted amethyst waste was sepa-
rated into size fractions to generate the
finished product being the size distribu-
tion of the comminuted product is of
great importance, principally for coarse
aggregate. The particle size distribution
of the comminuted product determined
the yield of salable products that can
be obtained by sizing alone without re-
crushing. The production of the various
sizes should obviously match market
demands as closely as possible in order
to maximize the economic return to
miners, although with a certain degree
of flexibility in the process, especially
using crusher equipment.
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5. Conclusions

The waste (sterile and tailings)
generated in amethyst mining could
be fed into comminution operations
for use as coarse and fine aggregates in
civil construction, achieving a long-term
sustainable supply of aggregates in the
required quantities.

In the two stages of comminution
on a laboratory scale, the crushing frag-
mented 75% of the coarse aggregate,
gravel, whereby 25% is fragmented dur-
ing grinding as fine aggregate, sand. The
morphology of amethyst waste, as banded
texture and polycrystalline granoblastic
quartzite and mineralogical properties
influence the particle size distribution,
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