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Abstract

The Sangarédi bauxite deposit in the Republic of Guinea contains several
bauxite types depending on their litho-genetics. For rational and sustainable
exploitation, determining the physical and mechanical properties of these dif-
ferent bauxite types is essential for mining companies. This paper presents a
model for the physico-mechanical characterization of Sangarédi bauxites ac-
cording to their litho-genetic type. Eight pits were drilled, and samples were
collected from different layers at different depth intervals for each bauxite
type. Physical and mechanical characterization tests were then carried out on
27 samples to determine the following parameters: water of absorption (%),
compressive strength (kgf/cm?®) and dynamic tensile strength (kgf/cm?). The
effect of depth of sampling on these physico-mechanical parameters was eval-
uated. An average value of the parameters was made for each bauxite type. The
results showed that the physico-mechanical characteristics of bauxites depend
on the depth of sample collection, and the average value of the parameters
constitutes the representative values of the bauxite type. Finally, a comparative
study of the average value of the physico-mechanical parameters of the differ-
ent bauxite types was carried out.

Keywords

Bauxites, Litho-Genetics, Physico-Mechanical, Compressive Strength,
Dynamic Tensile Strength

1. Introduction

Guinea has the world’s largest bauxite reserves. With a high alumina content,
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Guinean bauxites are estimated to be over 40 billion tons, of which 23 billion tons
are located in the Boke region [1]. The mining sector is important to the country’s
economys; it represents 75% to 85% of resources exports by year, especially bauxite
[2]. In recent times, several mining companies have been established in Guinea
for bauxite exploitation. For miners, the physico-mechanical characterization of
bauxites is an important phase because it conditions their exploitation process.

During the last two decades, relevant research has been intensified in many
bauxite-producing countries [3]-[6]. Bauxite strength characteristics under differ-
ent soaking conditions were determined in [3]. [7] and [8] determined the physi-
cal and mechanical properties of epoxy-bauxite mortar for High-Friction Surface
Treatment (HFSTS). [9] presents an overview of chemical analyses and test results
on the physical and strength properties of bauxite residue worldwide. [10] Carried
out some research on recycling bauxite waste for the Mineral Industry: Phase
Transformations and Microstructure during Sintering. [11] studied physico-
chemical investigations of high iron bauxite.

Guinean bauxite deposits have been the subject of several studies. The bauxites
of the Sangarédi deposit were formed by the laterization of various parental rocks,
including argillites, dolerites and marine sediments. Some of these were later
modified by the diagenetic processes to form high-alumina chimogen varieties
[12]. [13] addressed Petrography, Mineralogy, Geochemistry and Genesis of the
Balaya bauxite deposits in the Kindia region. A physicochemical characterization
of Débélé bauxite is addressed in [14]. Guinean Geology study is addressed in [15].

Concerning the Sangarédi bauxite deposits in Guinea, some physico-chemical
characterization works were carried out, among which we can cite the recent work
of [16] on the Petrological and Statistical Studies of the Limbiko Bauxite Deposit,
a geochemical study of the Sangarédi deposit by [17]. [18] identified a wider range
of parental rocks in the Boké-Sangarédi area, including Palaeozoic metasedimen-
tary and magmatic rocks, as well as Cenozoic sediments. Mineralogical and Geo-
chemical Characteristics of the Sangarédi Bauxite Deposits is investigated in [12].
The Sangaredi bauxites enrichment process is proposed in [19].

However, little scientific research exists on the physical and mechanical char-
acterization of the Sangarédi bauxites deposit taking into account their litho-ge-
netic type. To better characterize the physico-mechanical proprieties of the Baux-
ites type, several samplings depending on the depth must be realized. [20] shows
the shear strength at a depth of more than 5 m is much larger than the material in
the shallow layer close to the surface.

This paper presents a model of Physico-Mechanical Characterization of Bauxite
and related rocks, taking into account their litho-genetic type. For each litho-ge-
netic type, several samplings were done at different depth levels, and physical and
mechanical characterization tests were carried out on each sample. The effect of
depth of sampling on these physico-mechanical parameters was evaluated. Thus,
an average of the values is made to obtain a representative value of the litho-ge-

netic type, and at the end, a comparative study of the average value of the physico-
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mechanical parameters of the different bauxite types was carried out. This paper
is organized as follows. After the introduction section above, the Materials and
Methods section is presented, in which the experimental method and devices that
allow computing the physico-mechanical parameters of the bauxite types are ex-
plained. The main results are then presented, followed by the discussion. At the

end, conclusions are presented

2. Materials and Methods
2.1. Sampling Method

Eights (8) mining pits, which varied in depth between 0.2 and 11 m, have been
drilled in the study area. For each pit, bauxite samples of each litho-genetic type
were collected at different depth levels. The bauxite samples were recorded and
coded according to the pit number and depth of sampling. They were collected
based on their color, structure and location within the study area. Figure 1 shows
the pits, the litho-genetic type of bauxites in each pit and the sampling procedure,
and Table 1 presents samples recorded for each bauxite type and the depth in

which they were collected

2.2. Physical and Mechanical Characterization Techniques

In this subsection, we determined the water of absorption of the samples recorded
in Table 1. The water of absorption is a physical parameter that gives the value of
a product’s susceptibility to let water pass in it once immersed in water. In this
work, for all samples, the average weight of fired bauxite is measured, and that,
when soaked in water for an hour, is also weighed [5]. We use the following rela-

tion computing water of absorption ( WA).

WA(%):W (1)

where Swis the soaked weight, and Fw is the fired weight of samples.

Mechanical Characterization

Compressive Strength

The compressive strength is determined through uniaxial or triaxial compres-
sive tests. Its value depends on the shape and dimensions of the specimen, its wa-
ter content, and the loading speed. In this study, as in [12], we used the ASTM
C99/C99M-09 standards for this analysis using Model CAT C46L2 Compressive
device. One sample of each bauxite type (see Table 1) was subjected to a load
between 500 N and 2500 N at a uniform loading rate. The specimen from each
bauxite type had dimensions of 1 cm X 2 cm. The compressive strength is the
highest stress sustained by the material before failure; its value is computed by
Equation (2).

p

where P is the failure load (maximum compressive force applied on Sample), B,
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Figure 1. Pits, litho-genetic type of bauxite in each pit and the samples: (a) pit 1 gravelly bauxites (two samples collected); (b) pit 2
Gelomorphic bauxites (one sample collected) and Gelified bauxites deriving from aleuro-argilites (fours sapmles collected); (c) pit 3
Ferruginous laterites of the cover (one sample collected) and gravelly bauxite (two samples collected); (d) pit 4 Gelomorphic bauxite

(three samples collected); (e) pit 5 Ferruginous laterites of the cover (one sample collected) and Pseudomorph bauxites deriving from
aleuro-argilites (two samples collected); (f) pit 6 Gelified bauxite deriving from dolerites (one sample collected), Pseudomorph bauxites
deriving from aleuro-argilites (one sample collected) and Tobacco yellow ferriplantites (transition zone rock) (on sample collected); (g)
pit 7 Gravelly bauxites (three samples collected); (h) pit 8 Gelified bauxites deriving from aleuro-argilites (one sample collected), To-
bacco yellow ferriplantites (transition zone rock) (on sample collected) and Ferruginous laterites of the cover (one sample collected).
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Table 1. Samples were recorded for each bauxite type and the depth at which they were collected.

Geomorphic bauxites

Gelified bauxites deriving
from aleuro-argilites

Gravelly bauxites

Pseudomorph bauxites
deriving from aleuro-algilites
o )

Ferruginous laterites of

Depih(m) RS Depmy VRS BRSO pemmy SRS TR SRS
[02-1.0]  P2/S5 [2-3] P2/S6 [7-8]  P1/S1 (6-7] P5/S18  [0.3-1.0]  P3/S10
(1-2] P4/S13 (3-4] P2/S7 [6-7]  P1/S2 (5 - 6] P6/S20  [0.2-1.0] P5/S16
[4-5] P4/S14 (6-7] P2/S8 [2-3]  PI1/S3 (1-2] P5/S17
(5 - 6] P4/S15 [4-5] P2/S9 [4-5]  P3/sll
[2-3] P8/s25  [6-7]  P3/SI2
[10-11]  P1/S4
[02-1] P7/S22
[2-3] P7/s23
[0.4-1] P7/S24<
P

Figure 2. Schematic representation of a compression test.

and Ware the width and height of the rectangular specimen. Figure 2 shows the

schematic representation of a compression test with a specimen of one of the

bauxite types.

Dynamic Tensile Strength

As bauxites are often subjected to dynamic loading during mining operations

(case of sangarédi bauxite deposits exploitation), in this study, we performed a

dynamic tensile test by spalling using a modified Hopkinson bar to evaluate the

tensile strength of all the bauxites types in Table 1. The Hopkinson bar spalling
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test is dedicated to the evaluation of the dynamic tensile strength of concrete and
rock-like materials. The basic principle of dynamic tensile testing by spalling is to
obtain a dynamic tensile stress field within a specimen which is loaded by an in-
cident compression wave by the reflection of this wave on a free surface. The di-
mensions of the specimen are 120 mm long and 46 mm in diameter. The set-up
involves a gaz-launcher, a cylindrical projectile with a large radius spherical end
cap and a Hopkinson bar (Figure 3). The details of the design of this device can
be found in [21] [22]. Tensile strength testing using a hardness tester was recently
performed in [23].

The gaz-launcher releases the projectile that impacts the bar. An incident com-
pressive wave in the form of a pulse A is generated (Figure 4). This pulse is
propagated in the bar. When reaching the bar-sample interface, a part of the
compressive wave is transmitted to the rock specimen B, while the other part of
the wave is reflected in the bar because of the mechanical impedance discontinu-

ity. The transmitted compressive pulse arrives at the free end of the specimen and

wh
£l
(5]
= ¥ v =
i.
“S>e” -V ’ B/y
e i
" - /
‘\ / | R
Pro_]ectlle" ’ Input bar SEemmen
- — .. — ( _— — tAcc N Laser
9 . ~ v s \“\\ \ \ E llixtﬂsgmeters
~—— ~{ls \ X |
( Time counter] —— . L )/ ) ) \ L —
Time counter| 9 BV 1
e ie——+ /|
e v Scopee

Figure 4. Schematic view of the instrumentation and wave propagation with time [21].
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is reflected as a tensile pulse. When the reflected pulse exceeds the transmitted one
in amplitude, a dynamic tensile loading develops in the core of the specimen, lead-
ing to its possible fragmentation [21]. Two strain gauges were placed directly on
the bauxite specimen, respectively, at 100 mm and 50 mm from the free end of the
sample (Figure 3) in order to monitor the time evolution of axial strain and de-
duce the axial stress before tensile damage (according to elastic theory) at two
differentlocations in the specimen (Figure 3). A laser extensometer is also pointed
directly toward the free back side of the sample to record the pullback velocity on
the rear face.

Many approaches exist in the literature for the determination of the dynamic
strength of specimen’s subject to dynamic tensile test by spalling. Here, we used
the approach of [24] based on the use of a linear acoustic approximation proposed

by [25]. According to this approach, the dynamic tensile strength is given by
DTS =1/2pC,AV,, ©)

where p is the material density, G, is the one-dimensional wave speed of the inci-
dent wave, and AV, is the pullback velocity that corresponds to the difference
between the maximum velocity and velocity at first rebound that is caused by ten-
sile damage near the free surface. The compressive wave reaches first the gauge lo-
cated at 100 mm from the free end and then the gauge at 50 mm from the free end,

with a time shift measured so the speed of the incident wave can be estimated.

3. Results and Discussions

3.1. Physical and Mechanical Characterization Results
The results of the Physical and Mechanical Characterization of the bauxite type

are presented in this section. Table 1 is completed by adding the water of absorp-

tion, compressive strength, and dynamic tensile strength (Tables 2-6).

Table 2. Physical and mechanical characterization results (water of absorption, compressive strength, and dynamic tensile strength)

for Gelomorphic bauxites.

Geomorphic bauxites

Sampling procedure

Water of absorption Water of absorption

Compressive Strength Dynamic Tensile Strength

masse volume
Depth (m) Samples code WA (%) masse WA (%) volume CS (kgf/cm?) DTS (kgf/cm?)
[0.2 - 1.0] P2/S5 3.52 6.94 175 35
[1-2] P4/S13 8.6 13.9 118.8 28.3
[4-5] P4/S14 13 14.71 143.8 30
[5-6] P4/S15 8.7 14.82 100 30
Average 8.5 12.6 134.4 30
DOI: 10.4236/jmmce.2024.126018 288 J. Minerals and Materials Characterization and Engineering


https://doi.org/10.4236/jmmce.2024.126018

0. Keita, M. Diane

Table 3. Physical and mechanical characterization results (water of absorption, compressive strength, and dynamic tensile strength)
for Gelomorphic bauxites.

Gelified bauxites deriving from aleuro-argilites

Sampling procedure Water of absorption ~ Water of absorption Compressive Dynamic Tensile
masse volume Strength Strength
Depth (m) Samples code WA (%) masse WA (%) volume CS (kgf/cm?) DTS (kgf/cm?)

[2-3] P2/S6 8 13.51 110 33.3
[3-4] P2/S7 6.43 11.86 155 39.3
[6-7] P2/S8 7.8 12.73 95 33.7
[4-5] P2/S9 5.7 10.72 150 38.9
[2-3] P8/S25 6.9 11.77 151.3 38.7

Average 7 12.1 132.3 36.8

Table 4. Physical and mechanical characterization results (water of absorption, compressive strength, and dynamic tensile strength)
for Gravelly bauxites.

Gravelly bauxites

Sampling procedure Water of absorption =~ Water of absorption Compressive Dynamic Tensile
masse volume Strength Strength
Depth (m) Samples code WA (%) masse WA (%) volume CS (kgf/cm?) DTS (kgf/cm?)
[7-8] P1/S1 5.6 9.63 125 43.4
[6-7] P1/82 5.68 11 103.1 36.6
[2-3] P1/83 8.3 15 178.7 28.3
[4-5] P3/S11 11.92 19.54 80 26.6
[6-7] P3/S12 7.8 13.73 69 26.6
[10-11] P1/54 12 22.27 - 26.7
[0.2-1] P7/S22 3.92 7.68 92 40.3
[2-3] P7/823 7 12.01 175 53.3
[0.4-1] P7/524 10.53 16.93 81.3 36
Average 8.2 14.3 109.7 35.1
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Table 5. Physical and mechanical characterization results (water of absorption, compressive strength, and dynamic tensile strength)

for Pseudomorph bauxites deriving from aleuro-algilites.

. Water of absorption Water of absorption Compressive Dynamic Tensile
Sampling procedure
masse volume Strength Strength
Depth (m) Samples code WA (%) masse WA (%) volume CS (kgf/cm?) DTS (kgf/cm?)

[6-7] P5/S18 10.7 20 121.9 23.3
[5-6] P6/§820 6.2 10.45 69 36.7
[1-2] P5/S17 4 7.59 98 26.7

Average 7 12.7 96.3 28.9

Table 6. Physical and mechanical characterization results (water of absorption, compressive strength, and dynamic tensile strength)
for Ferruginous laterites of the cover (transition zone rock).

Ferruginous la
T

Sampling procedure Water cr)rflj:;seorption Water‘:)ofli:zrption Cosrzzlegiive Dynamic Tensile Strength
Depth (m) Samples code WA (%) masse WA (%) volume CS (kgf/cm?) DTS (kgf/cm?)
[0.3 - 1.0] P3/§810 3.22 6.78 161 40
[0.2 - 1.0] P5/S16 2.8 5.85 181.3 40
Average 3.0 6.3 171.2 40

3.2. Effect of Depth of Sampling on Water of Absorption,
Compressive Strength and Dynamic Tensile Strength

¢ Gelomorphic Bauxite

Figure 5 shows the effect of depth of sampling on water of absorption, com-
pressive strength, and dynamic tensile strength of gelomorphic bauxite. From
depth interval [0.2 - 1] m (Figure 5(a)), we observed an inverse relation between
compressive strength and water of absorption (water of absorption increases when
compressive strength decreases) until intersection, while from depth interval [1 -
4] m, the two parameters have the same evolution (both increase). At the end of
the depth interval [4 - 6] m, they also have the same trends (both decrease). In
Figure 5(b), it is also observed that an inverse relation between dynamic tensile
strength and water of absorption from depth interval [0.2 - 1.5] m. Unlike com-

pressive strength, dynamic tensile strength keeps increasing constantly from

DOI: 10.4236/jmmce.2024.126018

290 J. Minerals and Materials Characterization and Engineering


https://doi.org/10.4236/jmmce.2024.126018

0. Keita, M. Diane

depth interval [1.5 - 6] m.
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Figure 5. Effect of depth of sampling on water of absorption, compressive strength, and
dynamic tensile strength for Gelomorphic bauxite.

¢ Gelified Bauxites Deriving from Aleuro-Argilites

In Figure 6(a), an inverse relation is observed between compressive strength and
water of absorption from all de depth intervals. An increase in water of absorption
leads to a decrease in compressive strength, while a decrease in water of absorption
leads to an increase in compressive strength. The relation between dynamic tensile
strength and water of absorption shows the same trends (Figure 6(b)).
¢ Gravelly Bauxites

Figure 7(a) shows an inverse relation between compressive strength and water
of absorption from de-depth interval [7 - 8] m. From depth intervals ([6.0 - 7.0]
[1.0 - 2.0]) m, the same evolution is observed for the two parameters (increases),
while from depth interval [4.0 - 5.0] [6.0 - 7.0] m, the same decreases is observed
for the two parameters. At the end, again, an inverse relation is observed from
depth interval [0.4 - 1.0] m. Figure 7(b) shows the same trends between dynamic
tensile strength and water of absorption.
¢ Pseudomorph Bauxites Deriving from Aleuro-Algilites

For the pseudomorph bauxites deriving from aleuro-algilites, compressive
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Figure 6. Effect of depth of sampling on water of absorption, compressive strength, and
dynamic tensile strength for Gelified bauxites deriving from aleuro-argilites.
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Figure 7. Effect of depth of sampling on water of absorption, compressive strength, and
dynamic tensile strength for Gravelly bauxites.

strength and water of absorption have both a linear decrease over depth interval
[6.0 - 7] and [5.0 - 6.0], while they have an inverse relation over depth interval [5.0
- 6.0] and [1.0 - 2.0] (Figure 8(a)). In Figure 8(b), it is observed the dynamic
tensile strength and water of absorption have trends contrary to those in Figure
8(a). An inverse relation over depth interval [6.0 - 7] and [5.0 - 6.0] (a decrease of
water of absorption leads to an increase of dynamic tensile strength). They have a
linear decrease over depth interval [5.0 - 6.0] and [1.0 - 2.0].
o Ferruginous Laterites of the Cover

Ferruginous laterites of the cover are a rock of the transition zone between top-
soil and bauxite types. Because it is found on the first layers after the topsoil, it can
only be collected from a depth interval of [0.2 - 1] and [0.3 - 1]. An inverse relation
between compressive strength and water of absorption is observed from all the
depth intervals. A decrease of water of absorption leads to an increase of compres-
sive strength (Figure 9(a)). The dynamic tensile strength and water of absorption
relation show the same behavior (Figure 9(b)).

3.3. Comparison of the Physico-Mechanical Characteristics of the
Different Bauxites Types Studied

From Tables 2-6, we represent the comparison of the physico-mechanical char-
acteristics of the different bauxite types and transition zone rock studied. Figure
10 shows this comparison.

As it can be observed, the Ferruginous laterites of the cover (transition zone
rock) have the lowest water of absorption value. This is explained by the fact it is
the rock that occupies the first upper layer after the topsoil, so it lets surface water
pass toward the water Table. It contains greater porosity compared to bauxites.

The Ferruginous laterites of the cover also have the highest compressive strength
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and dynamic tensile strength value (see Figure 10(b) & Figure 10(c)). This is
because of the inverse relation between water of absorption and compressive

strength and dynamic tensile strength, as illustrated in Figure 9(a) & Figure 9(b).
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Figure 8. Effect of depth of sampling on water of absorption, compressive strength, and
dynamic tensile strength for Pseudomorph bauxites deriving from aleuro-algilite.
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Figure 9. Effect of depth of sampling on water of absorption, compressive strength, and dynamic
tensile strength for Ferruginous laterites of the cover (transition zone rock).
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Figure 10. A comparison of the physico-mechanical characteristics of the different bauxite
types and transition zone rock was studied. (a) water of absorption, (b) compressive
strength, (c) dynamic tensile strength.

The Gelomorphic bauxites have the highest compressive strength value (Figure
10(b)), while Gelified bauxites deriving from aleuro-argilites have the highest dy-
namic tensile strength value (Figure 10(c)).

4. Conclusion

In this research, a model for the physico-mechanical characterization of Sanga-
rédi bauxites according to their litho-genetic type is proposed. The following
parameters: Water of Absorption, Compressive Strength and Dynamic Tensile
Strength were computed for the type of the following bauxite: Gelomorphic
bauxites, Gelified bauxites deriving from aleuro-argilites, Gravelly bauxites,
Pseudomorph bauxites deriving from aleuro-algilite and Ferruginous laterites
of the cover (transition zone rock). For each bauxite type, samples were collected
at different layers from different depth levels. The compressive test, Dyanamic
tensile, and water of absorption tests were carried out on all samples. For each
bauxite type, an average value of the parameter obtained by each sample is made.
The results showed that the physico-mechanical characteristics of bauxites de-
pend on the depth of sample collection, and it is the average value of the param-
eters constitutes the representative values of the bauxite type. Finally, a compar-
ative study of the average value of the physico-mechanical parameters of the
different bauxite types was performed. The results showed the Ferruginous lat-
erites of the cover (transition zone rock) have the highest compressive strength
and dynamic tensile strength value (see Figure 10(b) & Figure 10(c)). The Ge-
lomorphic bauxites have the highest compressive strength value (Figure 10(b)),
while Gelified bauxites deriving from aleuro-argilites has the highest dynamic

tensile strength value (Figure 10(c)).
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