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Abstract

Moisture control in concentrates is a challenging topic for the bauxite mining industry, as ores
with high moisture content after filtration cause significant operational bottlenecks along the
value chain. The use of chemical filter aids can improve the performance of filtering operations,
especially in ores containing fine and superfine materials, because filter aids can change the
surface tension of water and chemically modify the surface and agglomeration degree of bauxite
particles, facilitating water flow through the pores of the filter cake. This paper describes the
physical and chemical mechanisms involved in bauxite concentrate filtration processes and
presents the results obtained in application tests with FLOTICOR™ DW 7278 by Clariant as a
chemical filter aid for the filtration of fine and superfine fractions of a bauxite concentrate in lab
and industrial scale tests. The use of Clariant FLOTICOR™ DW 7278 provided moisture
reduction of 21 % in lab tests and achieved a 11.5 % lower moisture content in industrial trials,
which should translate into lower operating costs for bauxite mining plants, as well as
improvements in safety, and logistics.
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1. Introduction

Solid-liquid separation is an important process for the mineral processing industry. The term
dewatering is used to describe the production of a semi-dry solid by reducing the slurry bulk
volume. Filtration is one of the methods used to produce such semi-dry solid in which the
separation of solids from liquid is achieved by passing the slurry through a filtering medium
forming a cake [1].

As mining companies mine the lower grade portion of their deposits, they often must grind ores
finer to achieve the required degree of liberation, increasing the fines content in concentrates. The
trend towards more fine-grained products means that moisture contents of filtration outputs will
increase. The conventional dewatering techniques are not usually efficient for treating very fine
particles, because the high particle surface area leads to higher hydration energy and capillary
pressure and causes lower dewatering rates and increased moisture content. Fine particles also
reduce the permeability and capillary diameter in filter cakes. There is interest in evaluating
advances in moisture reduction techniques aiming to reduce costs and to ensure safer operations.
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Frequently, mineral processing facilities must deal with changes in feed mineralogy or seasonal
characteristics of the mine that result in operational hurdles to reach the desired moisture level of
concentrates.

Approximately 100 million tonnes of bauxite ore are transported by ship annually [2], and special
care must be taken regarding the moisture content of the material sent to alumina refineries across
the globe to protect the integrity of the crew, ships, and cargoes. Solid bulk cargoes with fine
granulometries and high moisture content present a considerable risk to the stability of the ship,
as they shift along with ship's movements, shifting the center of gravity of the vessel and
potentially causing accidents with personnel, environmental, and financial losses [3].

To prevent accidents, certain types of cargoes must only be transported by sea if their moisture
content is below the transportable moisture level (TML), the maximum moisture content of a
cargo for safe carriage according to international regulations and standardized methodologies [2].

In bauxite producing regions located in tropical regions, it is especially challenging to ensure that
concentrates reach a moisture content below the TML before shipment. Consequently, the time
for the concentrate piles to be ready for shipment is delayed, negatively affecting the productivity
of the plants.

The usual solution to address both safety and process concerns is to improve filtration capabilities.
Although expending filtration capacity generally solves issues directly related to excessive
moisture content, this option is very capital intensive. Since many moisture-related problems are
either caused by seasonal climatic conditions or eventual changes in feed characteristics,
upgrading filtration and dewatering capabilities for use only during short periods of time also
increases process complexity.

The use of chemical additives to improve dewatering processes is becoming increasingly common
in mining operations [4], and many of the recurring challenges created by insufficient dewatering
can be avoided or lessened by the application of chemicals as process aids for dewatering,
including filtration.

Using chemical aids requires little to no capital expenditure and only minor changes in operating
conditions. Their usage can be intermittent, only when required, such as during the rainy season
for mines located in tropical climates or when facing high clay ores in mines with variable clay
content in the ore.

Another benefit of the technology is the possibility to adjust dosages, allowing the operation to
tackle scenarios of varying complexities and giving operators a swift response for capacity
constraints and/or challenging moisture targets. Such flexibility potentially may allow process
managers to reach product specifications even in scenarios that were not predicted in the early
design of the operation.

To understand the physical-chemical mechanisms that come into play during solid-liquid
separation processes via filtration and the interference of chemical additives, the Young Laplace
as shown in Equation (1) is used [5]:

P =Yiacosbsy - (%) (dﬁ) (1
m
where:
Pc Capillary pressure
Via Air/liquid surface tension
Ost Contact angle
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€ Cake porosity
K Particle shape constant
dn Average pore diameter

The decrease in capillary pressure, which is the minimum pressure for pore drainage, is directly
related to filtration rate. According to Young-Laplace equation, a decrease in capillary pressure
can be achieved by modifying the pore structure, making it larger for water flow release and/or
changing the wettability characteristics of mineral particles, decreasing the surface tension at the
interface liquid/air and/or increasing the contact angle at the solid/liquid interface [1].

Chemical additives of different classes applied to improve the performance of filtration operations
can influence both mechanisms [6]. Polymeric dewatering agents act through surface charge
neutralization and bridging, thus modifying the porous structure of particles, agglomerating finer
particles, and increasing capillary diameter [7], as shown in Figure 1.
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Figure 1. Agglomeration and aggregation of particles by polymeric filter aids, adapted
from [8].
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Surfactant dewatering agents usually change surface properties of solid particles, turning them
hydrophobic and preventing further wetting [7], as shown in Equation (2) as described by Dupre
& Young [5]:

Wageq = ypa(1 + cosbs,) (2
Where:
Was, Work of solid-liquid adhesion
Vi4 Air/liquid surface tension
O Contact angle

As the contact angle increases due to the action of a surfactant, less work is required to separate
the solid phase from the liquid phase [5]. Figure 2 shows the influence of a surfactant in changing
the surface characteristics of a mineral particle and its interference on solid-liquid contact angle.

Additionally, Stroh & Stahl also described the surfactant action mechanism to decrease moisture
in filtration processes [8]. The liquid/air interfaces inside the capillary form a meniscus, and the
surfactant presence in concentration levels around CMC (critical micelle concentration) decreases
the pressure inside the capillary through the surfactant molecules spontaneous migration to the
solid surface.
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Figure 2. Surface hydrophobicity of bauxite particle influenced by surfactant adsorption,
adapted from [5].

Surfactant agents at concentration levels lower than CMC are oriented with the polar portion
facing the liquid phase. The polar portion of the surfactant retains a larger number of water
molecules. Surfactant agents at concentration levels higher than CMC normally have the non-
polar portion facing the liquid phase and thereby turn the surface hydrophobic [8], as shown in
Figure 3.

Concentration < cmc Concentration = cmc

Figure 3. Influence of surfactant filter aid concentration and surface polarity
characteristics, adapted from [5].

Additional desired surfactant characteristics for dewatering though filtration are low foam
formation while operation, no side effects in downstream steps, and being environmentally
friendly [5].

This study focuses on the effects of FLOTICOR™ DW 7278 by Clariant acting as surfactant-
based filter aid on the moisture reduction of filtered fine and superfine bauxite concentrate.

2. Material and Methods
2.1 Mineral Sample Preparation and Characterization

The samples of bauxite concentrate pulps used for this study were obtained from the industrial
processes at a mine in Latin America and received at Clariant’s Research & Development
laboratory in Belo Horizonte, Brazil. The samples’ solids content, particle size distribution and
qualitative mineralogical and chemical compositions were recorded.

The samples studied were “fine” (-4 mm +106 um) and “superfine” (-106 pm +38 pum) fractions
from the underflows of cyclone batteries installed right after screening of the run of mine. The
cyclones carry out the granulometric separation of the fractions rich in available Alumina
(AvAl,O3) from the fraction that is considered tailings (-38 wm) due to its high content of reactive
Silica (RxSi0») is disposed in tailings storage facilities. The fine and superfine fractions are mixed
in a 3:1 mass ratio, and this blend feeds the industrial horizontal belt filter.
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The particle size distribution of each sample was determined by the wet sieving method using
Tyler mesh screens. The sieve stack was shaken for 20 minutes. The portion remaining in each
pan was dried at 105 °C, weighed, and the weight percentages were calculated.

Mineralogical analysis of the 3:1 w/w blend composed of fine and superfine fractions of bauxite
concentrate was performed using a PANalytical X-ray diffractometer, model X’Pert PRO with
X’Celerator detector. The crystalline phase identification was obtained by comparison with the
database PDF2 from ICDD — International Centre for Diffraction Data (2003) and PAN-ICSD —
PANalytical Inorganic Crystal Structure Database (2007).

Available alumina (AvAl,O3) and reactive silica (RxSiO;) contents of the bauxite concentrate
blend were determined by Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-
OES). Iron mineral gangue contents in the samples were analyzed by X-ray fluorescence (XRF).

2.2 Lab Filtration Tests
The filter aid for fine and superfine bauxite concentrate was tested using a Top Feed Leaf Test

system as shown in Figure 4. This bench-scale filtration method is often used for sizing of
industrial filters and for performance screening of chemicals in filtration operations.

_ Q/®
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@

Figure 4. Top feed Leaf Test filtering test apparatus. (1) Kkitassato, (2) Biichner funnel, (3)
vacuum gauge, (4) vacuum pump outlet.

A Biichner funnel is fitted into a kitassato filter flask, which is connected to a vacuum line. The
vacuum line has a gauge, which allows the operator to read the vacuum pressure being applied to
the material to be filtered. Figure 5 shows the lab equipment setup used in this study containing
the filtration equipment, vacuum system, and conditioning of the chemical filter aid in the bauxite
concentrate sample.

- ""i'g'ulr‘e . Top Feed Leaf Test lab sétup.

Filtration tests were carried out with fine and superfine bauxite concentrates at a 3:1 mass ratio
and with 100 % of superfine fraction. The pulps were added to the conditioning vessel and, after
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the time stipulated by the methodology had elapsed, FLOTICOR™ DW 7278 was added and
conditioned to the mixture of bauxite concentrates. Table 1 describes the conditions for the leaf

test.

Table 1. Operational conditions for the bench scale top feed leaf test.

Parameter Value

Total Solids Content 65 % wiw

Mixing time of fine and superfine fractions 20 seconds
Conditioning time with Clariant 3 minutes
FLOTICOR™ DW 7278

Filter cloth Polyester monofilament
Work pressure 300 mmHg

Filtration time 1.5 minutes

The moisture content of the resulting cakes after filtration were measured for samples using
FLOTICOR™ DW 7278 at dosage levels of 25, 50 and 75 g/tonne and compared to filtration
without using the chemical filter aid.

3. Results and Discussion
3.1 Mineral Sample Preparation and Characterization

Table 2 shows the results of the granulometric analysis of the fine and superfine fractions of
bauxite concentrate as well as of the blend composed of 3:1 mass ratio of fines and superfines.

Figure 6 shows the granulometric curves obtained from the data in Table 2.

Table 2. Granulometric analysis of bauxite concentrate fractions and the blend of fines

and superfines in terms of accumulated retained and passing masses.

Fines Superfines 3:1 mass ratio
Size (um) | Retained Passing Retained Passing Retained Passing
1,180 15 % 85 % 0 % 100 % 12 % 88 %
600 32 % 68 % 2% 98 % 25 % 75 %
425 44 % 56 % 3% 97 % 35% 65 %
106 88 % 12 % 9% 91 % 70 % 30 %
75 95 % 5% 22 % 78 % 78 % 22 %
38 98 % 2% 68 % 32 % 91 % 9 %
<38 100 % 0% 100 % 0% 100 % 0 %

The fines fraction has practically no particles smaller than 38 pm and over half of the mass of this
fraction has particle sizes in the range between 106 and 425 pm. The superfine fraction, on the
other hand, is practically all smaller than 106 pm and is largely concentrated in the range of
particle sizes between 75 and 38 um.

The 3:1 mass ratio of fines:superfines blend, due to its greater contribution from the fines fraction,
has a granulometric curve profile more similar to fines in the fractions above 400 pum and a
significant portion in the fractions below 106 pm.
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Figure 6. Granulometric curves of fines and superfines fractions and 3:1 mass ratio blend
of fines and superfines.

The analysis of the blend of fines and superfines by X-ray diffractometry showed a significant
presence of the following minerals in order of importance: gibbsite, hematite, kaolinite, goethite
and anatase. Table 3 shows the grades of the main minerals analyzed by ICP — OES and XRF.

Table 3. Grades of relevant minerals present in the blend of fines and superfines of
bauxite concentrate.

Mineral Grade (%)

AVA1203 46.3 %

RxSiO; 3.9%
F6203 15.1 %
TiO, 1.1 %

The blend basically consists of oxides (gibbsite, hematite, goethite and kaolinite silicates) which
are minerals with a strong tendency to adsorb water due to their surface charge, and this makes
filtration challenging in industrial operations.

3.2 Lab Filtration Tests

Lab filtration tests with the 3:1 fines:superfines mass ratio blend were conducted to mimic the
ratio between fine and superfine fractions that feeds the industrial filter in the bauxite
beneficiation operation from which the samples for the study were taken. As shown in Figure 7,
the cakes obtained in the tests presented average thickness between 7 and 9 cm, values that are
similar to those obtained in the process at the industrial plant.
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Figure 7. Cake resulting from the filtration tests of the 3:1 fines:superfines mass ratio

blend.

Table 4 shows the results obtained in the evaluation of FLOTICOR™ DW 7278 in the Top Feed
Leaf Test in the laboratory. The tests were carried out in triplicate, and the table shows the average
cake moisture contents as well as the percent reduction versus the control with no FLOTICOR™

DW 7278.

Table 4. Moisture contents after lab filtration of fines:superfines 3:1 mass ratio blend of
bauxite concentrate with addition of FLOTICOR™ DW 7278.

Dosage (g/t) Cake moisture content (%) Moisture reduction (%)
0 16.93 -
25 15.84 6.4
50 14.05 17.0
75 13.35 21.2

The filtration results show that, as expected, the highest moisture content was obtained for the
control with no dewatering agent, which at 16.93 % had a higher moisture content than the
producer’s quality specification of 13.5 % moisture. The addition of the dewatering aid led to
lower moisture contents, and they continued to decrease as the dose of dewatering aid was
increased. The lowest moisture content, 13.35 %, was achieved at the highest dosage (75 g/t), and
it should be noted that the inflection point of diminishing returns was not reached in this
experiment, so it is possible that lower moisture contents could have been achieved at higher
dosages.

The moisture reduction result achieved with 75 g/t of FLOTICOR™ DW 7278 is promising, and
it is worth noting that in industrial scale the required dosages can even decrease over time as the
concentration of dewatering aid chemicals builds up in recirculating water.

While the bauxite operation from which the samples were sourced only filters blends of fines and
superfines, an additional experiment was conducted also with superfines alone to evaluate
conceptually whether the dewatering aid can improve filtration of superfine particles that would
naturally clog water channels. These results are shown in Table 5.

The cake moisture of the superfine control with no dewatering aid was higher than for the 3:1
blend, which was expected given the larger portion of particles below 38 um and the fact that the
mineral is comprised of hydrophilic oxide minerals. As was the case for the 3:1 blend, the addition
of FLOTICOR™ DW 7278 when filtering superfines alone also results in decreasing moisture
contents as dewatering aid is added, reaching lowest value of 14.22 % moisture content at 75 g/t.
While this is a slightly higher cake moisture content than for the 3:1 blend treated with 75 g/t of
dewatering aid, it is worth noting that it represents a slightly higher percent reduction in moisture
content (23.9 versus 21.2 %). Also, as was the case for the 3:1 blend, the point of diminishing
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returns was not reached, so it is possible that a lower moisture content could be achieved at higher

dosages.

Table S. Moisture contents after lab filtration of superfines fraction of bauxite concentrate

with addition of FLOTICOR™ DW 7278

Dosage (g/t) Cake moisture content (%) Moisture reduction (%)
0 18.68 -
25 17.34 7.2
50 16.12 13.7
75 14.22 23.9

Although the mine operators may not chose to change their practices to filtering superfines alone
for various operational reasons, it is worth noting that the dewatering aids were able to achieve
significant improvements in dewatering even when filtering superfines alone.

3.3 Validation at Industrial Filtration Trials

Based on results obtained at bench scale, an industrial trial with FLOTICOR™ DW 7278 was
conducted at a bauxite processing plant in Brazil to check the reproducibility of results and to
validate its performance at industrial scale.

FLOTICOR™ DW 7278 was applied directly into the mixing tank where the fines and superfines
fractions are combined before feeding the industrial horizontal belt filter.

The dosing system, consisting of a positive displacement pump interconnected to frequency
inverters for automatic dosing adjustment, was installed next to the mixing tank feeding the Filter.

Filter cake samples were taken to measure moisture content at 30-minute intervals during the test
period of 13 hours. Samplings and measurements were made before, during and after constant
application of FLOTICOR™ DW 7278 at a dosage level of 35 g/t.

Figure 8 shows the moisture contents of the cakes in the industrial filter during the field trial.
Cake sampling for moisture content evaluations started at 9:00 am and ended at 10:00 pm.
Application of FLOTICOR™ DW 7278 took place between 11:00 am and 8:00 pm as shown in
the green zone on the graph.

Figure 8 shows that shortly after the beginning of the transition period for dosing FLOTICOR™
DW 7278 at 11:00 am, the cakes obtained from the filter showed a lower moisture content,
evidencing the rapid effect of the chemical filter aid.

It should be noted that while there was a sharp decrease in moisture content starting almost
immediately after the dosing started, the moisture content of the cakes continued a decreasing
trend over the trial period, and the lowest moisture content, just over 12 %, was reached towards
the end of the trial.

Because 12 % is the moisture content specification for shipping the fines : superfines blend of
bauxite concentrate for the producer in this trial, the use of the dewatering aid can result in
productivity gains, as the bauxite concentrate requires less additional time in stockpiles to reach
the shipping specifications. In rainy seasons, the application of FLOTICOR™ DW 7278 could
also potentially reduce the negative influence of high ambient humidity on the drying speed of
stockpiles through its water repellent action, although this effect has not been tested yet.
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Figure 8. Moisture content evaluations in the cakes from industrial filter during the
industrial before, during and after the application of FLOTICOR™ DW 7278 at 35 g/t.

Almost immediately after discontinuing the dosage of FLOTICOR™ DW 7278, the moisture
contents of the filter increased again, reaching the same levels before the start of product
application, further emphasizing the sensitivity of the moisture content of the cakes to the addition
of chemical filter aid.

Table 6 shows the average of moisture contents of the filtration cakes data before, during and
after the application of FLOTICOR™ DW 7278. The transition periods 1 hour before and after
dosing the chemical filter aid were removed from the averages.

Table 6. Moisture reduction for the cakes of industrial filter before, during and after
application of FLOTICOR™ DW 7278 at 35 g/t in the filter tank feeding.
Average moisture
content (%)

Measurement point

Before and after application 15.18
During application on filter feeding 14.02
Moisture Reduction (%) 7.7

Considering the initial moisture content of filter cakes at the beginning of the test and the dosage
of 35 g/t of FLOTICOR™ DW 7278 used, the plant results are consistent with the results shown
in Table 4 for the laboratory scale testing with the top feed leaf test.

4. Conclusions

Among the mechanisms of action of chemical filter aids, the modification of surface polarity of
mineral particles, increasing their hydrophobicity, as well as the agglomerating behavior of finer
particles, increasing the water capillary diameters for the facilitated flow during filtration, stand
out.

Clariant FLOTICOR™ DW 7278 was studied as a chemical filter aid for the filtration of a bauxite
concentrate composed of fine and superfine fractions. In lab trials via top feed leaf test, the product
provided cake moisture reduction of 21.2 % when applied at 75 g/t dosage in a 3:1 blend of
fines:superfines of bauxite concentrate, and its moisture reduction performance continued to be
robust when used in 100 % superfines fraction, providing moisture reduction of 23.9 %,,.
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The performance of Clariant FLOTICOR™ DW 7278 as a filter aid was further validated in
industrial scale in a plant that filters a mixture of fines and superfines and the cake moisture
decreased almost immediately.

Clariant FLOTICOR™ DW 7278 was shown to be an easy-to-implement solution for addressing
dewatering challenges in mining operations, enabling the user to reach lower moisture contents
in the filter cakes, which can lead to improved safety in handling at the plant and in the
transportation of bauxite concentrate and to gains productivity by reducing the time and effort
required for further drying in storage piles.
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