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ABSTRACT

This research focuses on improving the quality of kaolin ore from the Djebel Debbagh deposit
by removing its impurities using the flotation process. The chemical, mineralogical, and microscopic
analysis using XRF, XRD, and SEM were performed. The results showed that this kaolin is mainly
composed with kaolinite, but contaminated with impurities, such as Fe203 (0.56 %) and MnO (0.85
%). To carry out the flotation tests necessary for decontamination and to liberate the kaolin particles
from their impurities; crushing, grinding and classification were carried out. The flotation results
revealed that the impurities can be removed from this kaolin ore using oleic acid as the main collector
for Fe203 and MnO. The optimal dimensions that can be introduced in the flotation process to
achieve the maximum impurities removal are between 10 and 75 pum. In this dimensions; it’s can be
concluded that the impurities are in free-state. The flotation process to remove impurities is very
effective, especially for the fine fractions, while for large particles it’s less effective (low particle
liberation). Additional grinding of particles larger than 100 um seems necessary to liberate kaolin
particles from their impurities.

KEYWORDS: flotation, oleic acid, Fe;Os3, MnO, Djebel Debbagh kaolin.

1 INTRODUCTION

Kaolins are white raw materials, their essential constituent being fine grained white
clay, which are amenable for beneficiation that make them ideal for an assortment of
industrial applications. Kaolin deposits can be classified into two types, primary (residual)
and secondary (sedimentary) (M.S. Prasad. Et, al 1991). Kaolin is a very important raw
material. Its name is inspired by the name of the Chinese city (Kao-Ling). It has been used in
the manufacture of porcelain and other refractory materials. The Djebel Debbagh kaolin mine
is located in the Hammam Debbagh region, approximately 20 kilometers west of the capital
of the province of Guelma. This region is characterized by hydrothermal activity that favors
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the formation of aluminosilicate minerals, including kaolin, following the decomposition of
granites and feldspars by hydrolysis.

Flotation is one of many separation processes capable to separate useful components of
ores and raw materials from unwanted elements (Wills B A and Napier-Munn T J., 2006).
The process of flotation is very unique because, in addition to numerous parameters, both
thermodynamics and kinetics play there an important role (Laskowski J S 1986, Laskowski J
S 1989, Fuerstenau D W and Raghavan S 2007).

Flotation is a process for separating solids by varying their surface properties relative to
an aqueous phase, water, and in the presence of air (P. Blazy, 2000a). More frequently
flotation is used for separation of particles having different degree of hydrophobicities.

Flotation operations consist of separating minerals made hydrophilic or hydrophobic
through the use of reagents. An air supply into the liquid solution containing the ore creates
bubbles that collect the hydrophobic minerals and bring them to the surface, forming foam
that can then be easily harvested. Flotation is a separation process that exploits natural and
induced differences in the surface properties of minerals, whether the surface is easily wetted
by water, i.e., hydrophilic, or repels water, i.e., hydrophobic. If hydrophobic, the mineral
particle can attach to air bubbles and float. The system is complex, involving three phases
(solids, water, and air) and the interaction of chemical and physical variables. The chemical
variables aim to control the transition between the hydrophilic and hydrophobic state. The
physical variables include those resulting from the properties of the ore, such as particle size
and composition (liberation), and machine-derived factors such as air flow rate and bubble
size. (A. Barry Wills, 2016).

The flotation process can only be applied to relatively fine particles, because if they are
too large, either the adhesion between the particle and the bubble will be less than the particle
weight and the bubble will therefore lose its charge, or the aggregate density of the bubble
particles will exceed that of the pulp. There is an optimal size range for flotation (W.J. Trahar
and L.J. Warren, 1976; R. Crawford and J. Ralston, 1988; J.A. Finch and G.S. Dobby, 1990),
and ongoing research is underway to expand the size range (G.J. Jameson, 2010; H.
Wyslouzil et al., 2013).

The flotation cell is a tank equipped with an agitator, an air injection system, and a
device for scraping the particle-laden froths. (G. Panou, 2020). This article aims to carry out
flotation tests on the kaolin of Djebel Debbagh in order to separate the impurities that
contaminate this kaolin, and to propose - using chemical reagents - a flotation treatment
scheme suitable for this type of kaolin as well as to improve the quality level that’s wished by
the industrials.

2 MATERIALS AND EXPERIMENTAL METHODS

2.1.1 Materials

The kaolin sample collected from the Djebel Debbagh deposit was milled using
laboratory miller, and then classified to obtain the necessary seven fractions (175-150), (150-
125), (125-100), (100-75), (75-50), (50-25), (25-10). The fraction <10 pm was excluded from
flotation operations because it can increase the viscosity (unstable foam) of the flotation
medium and consequently decrease the selectivity rate. The fraction >175 pm cannot be
treated by flotation because the manganese particles may are not well liberated from kaolin.

The used chemical reagents are: (I) Frother : Methyl isobutyl carbinol (MIBC), CsHi40:
used also for enhancing froths (G. Barbery, 1981; P. Blazy, 2000b), (II) Depressant : Sodium
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metasilicate; (O3 Naz SiO3- 5 H>0), (III) Activator: Kerosene; (Ci10H22), (IV) Collector : Oleic
acid; (Cis H34 O2), and (V) pH regulator: Sodium hydroxide (NaOH).

B RS Tor =

Figure 1: Used flotation cell

2.1.2  Experimental methods

The chemical analysis (XRF) was obtained using a Niton XL5 Analyzer. The Scanning
Electron Microscopy analysis (SEM- EDX) was performed using JEOL JSM-6390. The
mineralogical analysis was realized using X-ray diffraction (XRD) using PHILIPS-X'Pert
with A= 1.54 A radiation which was generated at the settings of 40mA and 45kV.

For each test; 200g of kaolin was introduced into the flotation cell filled with 800ml of
water (800g) to form a pulp of 25% solid. The latter is stirred using a vertical axis equipped
with a device that tightens to inject air to form air bubbles. Then the flotation machine is
adjusted to a rotation speed of 1300 rpm.

By carefully adding dilute sodium hydroxide to adjust the pH flotation process at 9,
then 9 ml of Sodium Meta-Silicate is added to make manganese and iron under hydrophilic
aspect. This phase take 5 min. After this step, 4 droplets (0.84g) of Kerosene are added to
gives the kaolin hydrophobic aspect, this operation take 2 min. oleic acid with 13 droplets
(0.338g) are introduced as a collector to the cell for 5 min. Finally; MIBC with 3 droplets are
introduced for 2 min. subsequently, the valve of air is opened to generate the air bubbles and
the foam necessary for flotation. (F. Pita, 2017). This operation is known as Bubbling. All
tests were performed at room temperature. The concentrates and tailings obtained after the
flotation operations were dried weighed and analyzed. Figure 2 presents the proposed plan for
the kaolin ore flotation.
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Figure 2: The proposed flotation plant of Djebel Debbagh Kaolin ore

3 RESULTS AND DISCUSSION
3.1 Analyses par FRX

Chemical analysis results of Djebel Debbagh kaolin are represented in Table 1.

Table 1: Analyses of the major elements of kaolin from Djebel Debbagh

Oxides | SiO, | ALO; | Fex03 | MnO | MgO | CaO | Na,O | K»O | TiO, | P,Os LOI Total
(%) (1000°C)
DD 39,70 | 34,67 | 056 | 0,85 | 0,06 [ 039 | 0,13 | 0,01 | 0,00 | 0,02 24,18 100

The chemical analysis results reveal the presence of kaolinite as the dominant mineral.
The SiO> and Al,Os contents are 39.70% and 34.67% respectively. This kaolin (rich in
Aluminum) is contaminated by iron and manganese (0.56 %and 0.85% respectively).
S102/Al20s ratio is 1.15; this value is very near to the ideal kaolin ratio that equal to 1.18. The
PAF is 24.18%, confirming the presence of hydrated phases (structural water and/or organic
matter).

The presence of Fe;Os in kaolin generally gives kaolin a red or yellow tint, which
reduces its use in industry. In another hand, manganese MnO (0.85%) gives kaolin a
black/dark gray tint; it can also be removed by flotation. Often the presence of Titanium
(Ti02) as impurity in kaolin can also affect the quality of kaolin by reducing its whiteness and
brightness. The absence of TiO; in the kaolin of Djebel Debbagh is an advantage for
industrial applications. Feldspathic minerals (Na;O and K;O) have very low or negligible
contents. Carbonates and phosphates (MgO, CaO and P:0s) have very little impact on the
quality of Djebel Debbagh kaolin.
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3.2 XRD analyses

The XRD results obtained are shown in Figure 3 and Table 2.
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Figure 3: XRD of kaolin DD

This diffractogram present an intense peak at 20~19° which indicates the presence of
kaolinite (the dominant phase in this kaolin ore). Quartz (in the form of free silica SiO») is
present as a mineral associated with kaolin ore. The results obtained by XRD are in
accordance with the results of XRF analyses.

3.3 SEM-EDX Analysis

Scanning electron microscopy (SEM) produces a two-dimensional (2-D) raster image
by bombarding the surface of a sample with a beam of electrons and then detecting the
various signals produced by the interaction between sample and electron beam (Goldstein, et
al., 2003; Reimer, 1998). Energy-dispersive X-ray spectroscopy (EDX) is commonly used to
provide more specific data on the elemental composition of a specific point or in a certain
area of a sample. The result of SEM-EDX of kaolin is shown in Figure 4.

Electron Image 1
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Figure 4: SEM-EDX of DD kaolin (spectrum 1, 2 and 3)

Tableau 2: SEM-EDX Analysis (in Atomic %)

Spectrum 0 Si Al Ca Na Mn Fe Co Ni Total
1 69.32 11.09 8.52 0.44 1.14 8.38 - 0.32 0.77 100
2 52.92 26.34 14.47 1.40 2.87 - - -- -- 100
3 72.20 7.03 8.07 -- - - 12.70 -- -- 100

The SEM analysis of kaolin ore (Figure 4, spectrum 1) shows that the darker
component is mainly kaolin; this area was analyzed in SEM-EDX (spectrum 2). The light-
colored compounds dispersed were manganese oxide. The presence of Ca may indicate
mineral phases such as carbonates. This analysis confirm what’s it’s been mentioned in table
1. Analysis of spectrum 3 reveals the presence of iron (Fe). This presence of Fe confirms the
need for iron removal treatment to improve the quality of kaolin.
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3.4 Flotation Results

The foam composed of kaolin particles (hydrophobic) is recovered by overflow of the
foam on the surface of the flotation cell (Figure 5), while the reject (hydrophilic) remains in
the bottom of the cell and consists mainly of manganese and iron. Control of the air flow to
the flotation cell during the initial period of flotation was found to be very crucial both for the
loading of air bubbles with minerals as well as for detachment. In addition, a foaming time of
5 minutes seems necessary for the satisfactory formation of the foam layer.

Figure 5: Flotation process (A: creation of air bubbles, B: Overflow of floated kaolin, C: Tank of evacuated
kaolin, D: Tailings)

3.4.1  Calculation of technological indicators

Each flotation product can be characterized by qualitative and quantitative indices. For
this reason, several equations were used (P.I. Pilov & O.V. Petrova, 2013). The Material
balance results are reported in Table 4.

Material balance equation for separation products

Qr =Qc+Qr )
- Balance equation for yields

YP=yctyr, % 2
- Yield of concentrate

vc=Qc/Qr.100, % 3
- Yield of tails

vr=Qr/Qr. 100, % 4
With;

Qr — masse of feed (t);
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Qc — masse of concentrate (t);
Qr — masse of tails, (t);

vr —yield of feed (%);

vc — yield ofconcentrate (%);
vr — yield of tailings (%).

Table 4: Material balance and yields of the flotation tests

Test N° 1 2 3 4 5 6 7
Fr(icrﬁg’“ 10-25 25-50 50-75 75-100 100-125 125-150 150-175
Material balance | Qe Qu Qa2 Qu Qs Qs Qs Qu Qcs Qs Qcs Qus Qo Qu
(2 1548 | 44.7 | 1823 | 16.8 | 179.8 | 19.7 | 1468 | 522 | 1204 | 79 | 117.8 | 81.3 | 102.6 | 96.5
Qe (2) 199.5 199.1 199.5 199 199.4 199.1 199.1
Yields Yel Yu Ye2 Yo Ye3 ME Ved Y Ves Yis Ves Y6 Ve Yo
(%) 77.40 | 22.35 | 91.15 | 8.40 | 89.90 | 9.85 | 73.40 | 26.10 | 60.20 | 39.50 | 58.90 | 40.65 | 51.25 | 48.25

From Table 4, it can be seen that the yield decreases with increasing fraction sizes,
which means that fine kaolin particles float more efficiently than coarse ones. This may be
due to the low specific surface area and low degree of hydrophobicity of coarse particles.

Regarding the yield (figure 6); is can be conclude that the higher yield is shown in the
two fractions of 25-50 um and 50-75 pm with a yc = 91.15% and 89.90% respectively. For
the others fractions; the yield was between 48.25% and 77.40%.
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Figure 6: The yield of the Concentrated DD kaolin after flotation process

The Granulo-chemical analysis results of DD kaolin concentrates are listed in table 5.

Table 5: Granulo-chemical analysis of DD kaolin concentrates

Fractions Oxides wt,%

(um) SiO2 ALO3 Fe203 MnO MgO CaO Na2O K20 P20s LOI
10- 25 37.81 36.69 0.11 0.13 0.11 0.20 0.03 -- -- 23.54
25-50 36.45 38.83 0.07 0.09 0.10 0.12 0.03 - - 23.85
50-75 36.58 38.18 0.09 0.12 0.08 0.19 0.05 - - 23.93
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75-100 36.71 36.70 0.13 0.16 0.10 0.23 0.08 -- - 23.96
100-125 37.88 35.40 0.16 0.19 0.13 0.25 0.08 -- - 24.78
125-150 38.67 35.83 0.15 0.24 0.13 0.25 0.09 -- -- 23.81
150-175 38.82 3548 0.17 0.32 0.14 0.29 0.11 -- -- 23.79

Table 5 and figure 7 shows a significant reduction of Fe2O3; and MnO and others oxides
grade in the finest fractions, 0.07% and 0.09% of iron and 0.10% and 0.12% of manganese in
the 25-50 pm and 50-75 pum fractions (test 2 and 3), indicating better liberation of particle.
This may be due to their high specific surface areas, which promote the adsorption of
flotation reagents.

The increased ability of these impurities in the coarsest fractions indicates that there is
heterogeneity in the distribution/reactivity of the carrier phases of these oxides. The high LOI
value (23-25%) reveals a significant presence of volatile matter such as CO», water, etc.

In these experiments, it appears that flotation to remove impurities of MnO and Fe>O3
is very effective, especially for fine fractions, while for large particles it’s less effective (low
particle liberation). For this reason, additional grinding of particles larger than 100 um seems
necessary to liberate the kaolin particles from the phases carrying these impurities.

Fe203 and MnO Grades vs Particle Size Fractions
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Figure 7: Grade of Fe;O3; and MnO in the concentrate of DD kaolin
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Figure 8 Grade of SiO, and AL,Os3 in the concentrate of DD kaolin
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The recovery for each fraction can be calculated by the relation 6:

Yield (%) x Concetrate grade (%)
Feed grade (%)

Recovery of Concentrate (Rc) =

(%) (6)

The iron and manganese recovery rates after flotation are shown in Table 6 and Figure

9.
Table 6: Recovery of iron and manganese in the concentrate and tailing after flotation processing
Test N. Fractions Recovery Fe203 (%) Recovery MnO (%)
(nm) Concentrate Tailing Concentrate Tailing

1 10-25 30.41 69.59 20.96 79.04
2 25-50 22.79 77.21 15.19 84.81
3 50-75 28.89 71.11 18.73 81.27
4 75-100 34.08 65.92 24.46 75.54
5 100-125 34.40 65.40 23.83 76.17
6 125-150 31.55 68.45 29.45 70.55
7 150-175 31.12 68.88 34.17 65.83

Recovery in Tailings vs Particle Size Fraction

85.0 —e— Fe:0s Tailings Recovery (%)
MnO Tailings Recovery (%)

Recovery in Tailings (%)

10-25 25-50 50-75 75-100 100-125 125-150 150-175
Particle Size Fraction (um)

Figure 9: The iron and manganese recovery of tailings after flotation

Djebel Debbagh kaolin exhibits good flotation performance with high recovery rates for
MnO in the tailings of 79.04% to 81.27% for the first 3 tests including the small fractions
ranging from 10 to 75 pum. This means that most of the MnO particles are going into the
tailings products. For Fe>Os3, the recovery rate of Fe;Os in the flotation tailings —seems less
than MnO- is 77.21 and 71.11% for test number 1 and 2. This also indicates that the recovery
of impurities decreases in the larger fractions (>75um).

3.5 SEM-EDX analysis of the samples 2 and 3 after flotation process

The SEM-EDX analysis of the concentrates samples 2 and 3 are represented in figure
10 and table 7.
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Figure 10: SEM-EDX analysis of the concentrate products after flotation: a) test N.2, b) test N.3
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Table 7: SEM-EDX Analysis of the concentrate 1 and 2 (in Atomic %).

Spectrum 0 Si AL Ca Na Mn Fe Co Ni Total
a 54.92 26.34 14.47 1.40 2.87 - - - - 100
b 59.75 | 23.85 15.22 - - - 1.17 - 100

The micrograph (a) in Figure 10 shows a homogeneous structure of well-stacked thin
layers (typical structure of kaolinite), with a few compact grains indicating the presence of
quartz. The presence of Ca and Na could indicate the presence of feldspars and carbonates.
Iron and manganese were not detected, meaning that both impurities were completely
eliminated in this sample.
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From micrograph (b) in Figure 10, its can be seen a similar structure to micrograph (a),
but appears more compact, with angular and massive grains and slightly lower porosity. An
absence of Na and Ca was clearly noted. The presence of iron suggests that the latter has not
been completely eliminated, while manganese is completely absent.

4 CONCLUSION

The physicochemical characterization of the Djebel Debbagh kaolin reveals a very
high-quality ore dominated by the presence of kaolinite as the main mineral, presenting
(despite contamination by impurities) very significant industrial potential.

The iron and manganese content as impurities (affecting the color) in the kaolin before
flotation treatment was approximately 0.56% and 0.85% by weight, respectively. Flotation
treatment has proven useful in removing these impurities and improving the quality of the
kaolin. The absence of TiO: is advantageous for many industrial applications. Overall; to
achieve maximum impurity removal by flotation, the optimal dimensions are between 10 and
75 um. The flotation process using oleic acid as collector to remove impurities of MnO and
Fe;0;s is very effective, especially for fine fractions, while for large particles it’s less effective
(low particle liberation). For this reason, additional grinding of particles larger than 100 pm
seems necessary to liberate more the kaolin particles from the phases carrying these
impurities.
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  𝐑 𝐞 𝐜 𝐨 𝐯 𝐞 𝐫 𝐲   𝐨 𝐟   𝐂 𝐨 𝐧 𝐜 𝐞 𝐧 𝐭 𝐫 𝐚 𝐭 𝐞    ( R c ) =   Yield    ( % )   x   Concetrate   grade   ( % )      Feed   grade   ( % )            ( % )                               ( 6 )

