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Abstract

This study reports a leaching process along with a novel physical pretreatment technique to remove iron impurities from kaolin using
oxalic acid. A detailed examination of the physical properties of the minerals confirmed that almost none of the leaching-resistant iron
oxides, specifically hematite, was completely interlocked with the clay minerals. Accordingly, a pre-agitating technique followed by high-
pressure washing of the sample on a 600 um sieve were applied. In this method, by discarding up to 20% of the raw material, >54% of the
total iron content of the raw kaolin was removed, and the iron content was reduced from 9.75% in the initial sample to <6.00% in the
passing fraction. Application of this pretreatment method rendered the leaching process successful at 97°C using 0.3 M oxalic acid solu-
tions for 1 h under atmospheric pressure. Compared to the leaching of the raw material without pretreatment, which consumed at least
0.5 M oxalic acid over a minimum period of 2 h, the method used was very cost-effective and favourable, reducing the iron content of the

product to <1% and producing high-quality kaolin.
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Introduction

In today’s competitive industrial world, the supply of high-purity
raw materials and the production of high-quality products are of
great importance. Kaolin is an industrial clay material composed
primarily of kaolinite, a hydrated aluminium silicate with the
chemical composition of Al,Si,Os(OH),. Kaolin has various
industrial applications, including in refractories, ceramics, pottery,
fibreglass, paper filling and coating, paint and rubber, among
others (Murray, 2002). Iron oxides/oxyhydroxides and sulfides,
mainly hematite, goethite, magnetite, limonite, ilmenite and pyr-
ite, are the main impurities in kaolins, adversely affecting their
quality and colour (Chandrasekhar & Ramaswamy, 2006;
Bertolino et al., 2010). Fe-minerals should be removed from kao-
lin to achieve acceptable quality. The methods for the removal of
Fe-minerals can be classified into physical and chemical
approaches, with the combination of the two methods usually
being more effective. Several separation techniques including
high-gradient magnetic separation (HGMS; Shoumkov et al,
1987; Maurya & Dixit, 1990; Raghavan et al, 1997;
Chandrasekhar & Ramaswamy, 2002), selective flocculation
(Larroyd et al, 2002), sieving and hydrocycloning (Barrachina
et al., 2017) and flotation (Luz et al., 2000; Murray, 2002), have
been used to remove Fe-minerals from clays. Physical separation
methods are mostly used for relatively coarse and liberated parti-
cles of minerals such as magnetite, hematite and pyrite. However,
removing colloidal particles and hydroxide or hydrated oxide
iron-bearing minerals requires the use of chemical treatment.
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Chemical beneficiation methods make use of leaching, usually
under acidic or reducing conditions (Veglio & Toro, 1994; de
Mesquita et al., 1996; Ambikadevi & Lalithambika, 2000;
Atkinson & Fleming, 2001). Therefore, numerous leaching agents
such as organic acids (de Mesquita et al., 1996; Veglio et al., 1996;
Ambikadevi & Lalithambika, 2000; Tuncuk et al., 2010; He et al.,
2011), sulfuric acid (H,SOy4 Veglio, 1997; Tuncuk et al., 2013),
sodium dithionite (Na,S,0,4; Mehra & Jackson, 1958; Thurlow,
2001; Gougazeh, 2018), sodium thiosulfate (Na,S,0s;
Olvera-Venegas et al., 2017), thiourea (H,NCSNH,), dioxide
thiourea ((NH,),CSO,; Veglio, 1997; Xia et al., 2012; Lu et al.,
2017a, 2017b), chlorine water (Carpmael, 1928; Gonzilez &
Ruiz, 2006) and EDTA (Borgaard, 1979), as well as thermochem-
ical techniques (Khalifa et al, 2013, 2019), have been used to
remove iron and other impurities from quartz and clay minerals.
The bioleaching technique (Kostka et al., 1999; Lee et al., 2002;
Cameselle et al., 2003; Hosseini et al, 2007; Guo et al., 2010;
He et al., 2011; Zegeye et al., 2013) is also of great interest for
iron removal from clay minerals. Due to their lower acidic
strength than mineral acids, organic acids are more selective for
Fe leaching; in addition, the texture of the kaolin is less affected
when using organic acids. Furthermore, recovering the acids
and neutralizing the final products are more difficult to achieve
with mineral acids than organic acids, due to the greater acidic
strength of the former.

Among the organic acids used as effective solvent reagents,
oxalic acid (C,H,04) has been the most promising (Panias
et al, 1996a; Calderon et al., 2005; Lee et al, 2006, 2007;
Martinez-Luévanos et al, 2011; Hernandez et al, 2013; Baba
et al., 2015; Taran & Aghaie, 2015) because of its high reducing
power, complexing capacity and acid strength (Panias et al,
1996a; Nwoye et al, 2009; Tuncuk et al, 2010; Barrachina
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et al., 2017). Moreover, when using oxalic acid, the dissolved iron
can precipitate as ferrous oxalate from the leaching solution and
can be further reprocessed to recover the oxalic acid
(Taxiarchou et al, 1997; Yu et al, 2012; Liu et al, 2019;
Schapiro et al., 2020).

Oxalic acid ionizes, forming bi-oxalate and oxalate ions
according to the reactions in Equations 1 & 2 (Hernandez
et al., 2013; Schapiro et al., 2020):

H,C,0, = HC,0, +H" Ky = 5.6 x 1072 (1)

HC,0; = C,0; + H Ky = 6.2 x 1077 )

where K, and K, denote the dissociation constants for the first
and the second ionizable hydrogen atoms in the acid. Having an
oxygen atom with a free electron pair, oxalic acid can react with
both Fe’* and Fe** ions in iron oxide and form ferric and ferrous
oxalate complexes, as in Equations 3-6 (Panias et al., 1996b; Lee
et al., 2006, 2007; Hernandez et al., 2013; Tuncuk et al., 2013):

F6203 + 3H2C204 + HzO g 2F6C204.2H20 + 2C02 (3)

Fe203 + HJr + 5HCZOZ — ZFC(C204)27 + 3H20 + 2C02 (4)

FeZO3 + 6H2C204 - ZFG(C204)3_ + 6H+ + 3H20 (5)

Fe203 + 3H2CZO4 — Fez(CZO4)3 + 3H20 (6)

Ferric ion (Fe®*) is soluble only in acidic conditions (pH < 3),
but ferrous ion (Fe?") is soluble across a wide range of pH values
in aqueous media. However, at alkaline and neutral pH values,
Fe’" is stable only under reducing conditions, and in the presence
of oxygen or oxidation conditions it oxidizes rapidly and precipi-
tates, yielding ferric hydroxides (Schwertmann & Taylor, 1989).
At pH 1-2, both ferrous and ferric oxalate complexes are stable;
however, at pH < 1, only the ferric oxalate complex is stable.
Ferric oxalate might transform into oxalate over time or in the
presence of a reducing agent such as iron or ultraviolet radiation
according to Equations 7-10 (Lee et al, 2007; Yu et al., 2012;
Tuncuk et al., 2013):

2Fe(C,04); — 2Fe(C,04);” + C,05 +2CO, (7)

2Fe(C,04);” + hv — 2Fe’" 4+ 5C,0%™ + 2CO, ®)

2Fe(C204)3_ + 6H++4H20 —> 2F6C204.2H20
+ 3H,C,04 +2CO;, (9)

2Fe(C,04); + Fe + 6H,0 — 3FeC,0,.2H,0 + 3C,0;~ (10)

where hv denotes ultraviolet radiation. The dissolution process is
affected mainly by the pH of the initial solution and temperature
(Panias et al., 1996b).
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In this study, a kaolin obtained from the Esteghlal Fire Clay
Mine at Abadeh, southern Iran, was treated chemically with oxalic
acid to remove iron-bearing minerals. However, the reagent
consumption and the leaching time and temperature were not
cost-effective and were unfavourable technically. Applying the
HGMS technique was not possible practically due to the slime
coating of iron oxide particles on the fine-grained clay minerals.
To find an effective physical pretreatment method to reduce
the amounts of the most leaching-resistant iron oxides before
chemical treatment, an innovative pretreatment technique was
applied using a pre-agitating process followed by washing the
material on a 600 um sieve to discard a significant portion of
the liberated hematite particles. In this manner, the leaching
time and consumption of oxalic acid during leaching decreased
significantly.

Materials and methods
Materials and characterization

A raw kaolin sample was obtained from the Esteghlal Fire Clay
Mine, Abadeh, southern Iran. The mineralogical composition of
the sample was determined using X-ray powder diffraction
(XRD). Quartz and clay minerals, mainly kaolinite and lesser
amounts of pyrophyllite and muscovite, were the main constitu-
ents (Fig. 1). Hematite was identified as the only iron-bearing
mineral in the sample. Other iron oxides/oxyhydroxides were
not detected, possibly due to their trace abundances.

The chemical composition of the sample was assessed using
X-ray fluorescence (XRF) spectrometry (Table 1). The
approximate amount of iron oxides (Fe,O;) in the sample
was 13.75 wt.%, corresponding to 9.63 wt.% Fe. In addition,
the Fe contents of the samples and products were determined
using the potassium dichromate titration method. Based on
the titration analysis, the iron content of the sample was
9.76 wt.%, corresponding to 13.94 wt.% Fe,O;, which is in
good agreement with the XRF results. The Al,O; and SiO,
contents were 24.64 and 52.55 wt.%, respectively, the TiO,
content was 1.42 wt.% and the total alkaline oxide (Na,O
and K,0) and alkaline earth oxide (MgO and CaO) contents
were 3.19 and 1.98 wt.%, respectively. All chemicals used
were of analytical grade.

Physical pretreatment method

A certain amount of the kaolin was crushed using a jaw crusher or
ground within a ceramic ball mill and was then agitated in a mix-
ing tank at an agitating speed of 2000 rpm for a given time. This
was then washed on a series of laboratory sieves using a nozzle
spray with a low flow of pressurized water.

Leaching procedure

The leaching tests were carried out in a three-port glass reactor
(1 L). The slurry was prepared by mixing dry kaolin with tap
water in a stirring reactor at a given mass ratio. After appropriate
mixing, a certain amount of oxalic acid was added, and the leach-
ing experiments were conducted under controlled stirring and
temperature conditions for a given time under reflux conditions.
Subsequently, the slurry was filtered, washed and dried at 90°C.
These experiments were conducted both on the raw kaolin and
on the pretreated kaolin.


https://doi.org/10.1180/clm.2023.11

226

Bijan Taheri

Counts
2]
8

600

400

200

Pr

Q: Quartz

Ms: Muscovite
= Hm: Hematite
KI: Kaolinite

Pr: Pyrophyllite

Figure 1. XRD trace of the raw kaolin sample.

Results and discussion
Physical characterization and separation

To investigate the amount and type of interlocking of iron oxide
particles within clay minerals, polished sections of various size
fractions were prepared and studied using polarized reflected
light microscopy (Fig. 2). Hematite and goethite were the main
iron phases detected, often forming massive lumps or veins within
clay minerals. There was not much complex interlocking of iron
oxide grains within the clay minerals. As clay minerals have a
softer texture than iron oxides, their separation by comminution
and washing seemed possible. In addition, iron oxide particles are
less abundant in finer fractions, as was confirmed using XRD (see
below). The liberation degree of the particles was also calculated
semi-quantitatively using optical image analysis by counting the
liberated and locked particles (Table 2).

To investigate the size distribution, three similar representative
samples of crushed particles were examined using a set of
laboratory-standard sieves of the ASTM series under three condi-
tions (dry, wet and pre-agitated) in a mixing tank followed by
high-pressure washing on sieves. The particle-size distribution
curves of the samples prepared under various conditions show
considerable differences (Fig. 3). Dry sieving analysis showed a
pseudo-granular distribution in which the clay particles were
not separated from each other completely, and the particle-size
distribution curve was shifted towards coarser particles, indicating
the aggregation of clay particles. The particle-size distribution
curves of the wet and pretreated samples analysed were shifted
towards finer particles. The dgo values of the dry, wet and pre-
treated samples were ~3000, 1500 and 900 um, respectively.

To investigate the distribution of iron in the various size frac-
tions further, 500 g of crushed samples were classified into six
fractions (Table 3) after applying the pretreatment procedure.
The results indicated that greater iron contents were related to
coarser particles. Hence, the >2000 um fraction, containing
26.34 wt.% Fe, was equivalent to 14% of the total mass, which
accounted for 37.91 wt.% of the total iron content in the sample.

Table 1. Chemical composition of the raw material.

Composition AlL,O; SiO, Fe,03 TiO, MgO CaO K,0O Na,O SO; LOI

Content (wt.%) 24.64 52.55 13.75 142 136 0.62 237 0.82 0.41 2.06

LOI =loss on ignition.
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In other words, if the >2000 um fraction was discarded, 37.91
wt.% of the iron would be removed, and the iron content of the
remaining sample would reduce to 7.06 wt.%. As another
example, total fractions >600 pm, corresponding to 23.17 wt.%
of the total mass, had a cumulative iron content of 22.46 wt.%.
Thus, by removing these fractions from the samples, 53.49 wt.%
of total iron would be removed and the iron content of the
remaining fractions would decrease to 5.93 wt.%.

The XRD traces of the three fractions (>2000, 300-600 and
<100 um) are shown in Fig. 4. The samples consist of clay miner-
als, quartz and hematite. The abundance of hematite, as the most
significant iron impurity, was greater in coarse fractions and
decreased with decreasing particle size.

Colour change can be observed in the aforementioned size
fractions in Fig. 5. For better comparison of the colour change,
powdered samples are also shown in Fig. 5. A darker colour indi-
cates a greater abundance of iron and a lighter colour indicates a
lesser amount of iron in the sample, suggesting the greater grind-
ability of clay minerals compared to hematite.

To investigate the effect of wet grinding and high-pressure
washing on the separation of iron oxides from clay minerals at
smaller particle sizes, similar samples were ground wet using a
ceramic ball mill for various grinding times (5, 8, 10 and
15 min), and the relevant size distribution curves are presented
in Fig. 6. The wet-ground samples were agitated in a mixing
tank at a stirring rate of 2000 rpm for 10 min and passed through
a set of ASTM sieves under pressurized water flow. Grinding the
samples for 10 min followed by agitation and washing on sieves
resulted in a dg value of ~600 um. Accordingly, the particles
achieved a sufficient degree of liberation to meet the requirements
of the leaching process.

The distributions of iron in the various size fractions of a wet-
ground sample after 10 min followed by pretreatment are listed in
Table 4. Some 19.90 wt.% of the total sample was in the >600 um
fraction; by discarding this fraction, ~54.30 wt.% of the iron con-
tent of the sample was removed, and the iron content in the pas-
sing fractions was reduced to 5.57 wt.%.

In all of the comminution and classification procedures men-
tioned above, removing the >600 um fractions removed part of
the iron content of the sample and reduced the iron content in
the passing fractions. During this separation process, some of
the clay was, inevitably, discarded. Therefore, the most favourable
conditions for separation in this process involved the achievement
of the lowest iron contents in remaining fractions and the greatest
iron removal and lowest removal of clay minerals in the discarded
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Figure 2. Micrographs of polished cross-sections of the various size fractions. G = goethite; H = hematite.

fractions. It was impossible to achieve all of these favourable con-
ditions using such a separation method, but conditions close to
such favourable conditions could be selected. Grinding the sample
for 10 min and washing the pre-agitated sample on a 600 um
sieve constituted the most promising procedure as a pretreatment
method.

Leaching tests

Leaching tests were conducted to reduce the iron content of kao-
lin to <1 wt.%, which would enable the kaolin to be used in rele-
vant industries. These tests were performed both on raw kaolin
samples with an iron content of 9.76 wt.% and on the samples
with an iron content of 5.65 wt.% pretreated with 10 min of
wet grinding followed by agitation at 2000 rpm and high-pressure
washing on a 600 pm sieve. Both the crushed and ground sam-
ples, whose coarse fraction (i.e. >600 um) had been discarded,
were appropriate for the leaching process in terms of their iron
content (Tables 3 & 4); however, the wet-ground and pretreated

Table 2. Degree of liberation of iron oxide particles.

Size fraction (um) >2000 1200-2000 600-1200 300-600 100-300 <100

Degree of liberation (%) 26.54  46.27 68.14 83.45 98.32 100.00
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sample passing 600 um was preferred over the crushed sample
due to ease of agitation and the reduced amount of clay loss.

Leaching behaviour of raw kaolin

The effects of oxalic acid concentration and leaching time on the
dissolution of iron as a function of temperature are given in Fig. 7.
The dissolution rate of iron increased from 25 to 97°C. The effect
of acid concentration was more significant for the dissolution
of iron than leaching time. Thus, for an acid concentration of
0.5 M, iron removal exceeded 90% at all leaching times. However,
the leaching efficiency of raw kaolin was not favourable at <2 h
(results not shown).

The best conditions for raw material leaching were found to be
97°C and 0.5 M oxalic acid concentration for 2 h, and the final
product was of good quality in terms of iron content and white-
ness but was not cost-effective.

Leaching of pretreated kaolin

Due to the iron dissolution rate, acid consumption and corrosion
problems that might result in high operating costs, direct leaching
of the raw material without pretreatment was not cost-effective.
Therefore, the pretreated material was used for the remaining
leaching tests and for optimization of the effective parameters. To
shed light on the effect of leaching temperature on iron dissolution,
leaching tests were performed in the range of 50-100°C using
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Figure 3. Particle-size distribution curves of crushed samples classified . .
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under dry, wet and pre-agitated conditions.

Table 3. Iron content (wt.%) in various size fractions after crushing followed by pretreatment.

Size fraction (um) Wt.% Cumulative wt.% Fe (%) Cumulative Fe (%) Fe removal (%) Cumulative Fe removal (%) Remaining Fe (%) in passed fractions

>2000 14.00 14.00 26.34 26.34 37.91 37.91 -
1200-2000 4.50 18.50 17.44 24.18 8.07 45.98 7.06
600-1200 4.67 23.17 15.66 22.46 7.51 53.49 6.49
300-600 4.33 27.50 12.82 20.94 5.71 59.20 5.93
100-300 4.67 32.17 9.97 19.35 4.78 63.98 5.52
<100 67.83 100.00 521 9.76 36.32 100.00 521
Q Quartz (Q)
- Hematite (Hm)
= % Clay Minerals (Clays)
(")

<100 (pm)

Relative Intensity

Figure 4. XRD traces of >2000, 300-600 and <100 um
size fractions. Position ("26)

Coarse particles

300600 pm

Powder (<75 pm)

Figure 5. Images of coarse particles and powders of >2000, 300-
600 and <100 um size fractions.
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Figure 6. Particle-size distribution curves of wet-ground pre-agitated sam-
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Table 4. Distribution of iron content (wt.%) in various size fractions after grinding.

Size fraction (um) Wt.% Cumulative wt.% Fe (%) Cumulative Fe (%) Fe removal (%) Cumulative Fe removal (%) Remaining Fe (%) in passed fractions
>600 19.90 19.90 26.64 26.64 54.30 54.30 -
212-600 8.10 28.00 8.42 21.37 6.99 61.29 5.57
150-212 6.70 34.70 8.20 18.83 5.63 66.92 5.25
106-150 7.80 42.50 5.58 16.40 4.46 71.38 4.95
75-106 5.20 47.70 5.16 15.17 2.75 74.12 4.86
<75 52.30 100.00 4.83 9.76 25.88 100.00 4.83
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Figure 7. (a) Iron removal (wt.%) and (b) iron content (wt.%) as a function of leaching temperature under various acid concentration and leaching time conditions.

0.5 M oxalic acid for 120 min. Only at the boiling point of the
slurry would the removal of iron from kaolin be effective, and
therefore a temperature of 97°C was adopted in all subsequent tests.

Oxalic acid concentration had a significant effect on iron
leaching from kaolin. The effect of oxalic acid concentration on

https://doi.org/10.1180/cim.2023.11 Published online by Cambridge University Press

the dissolution of iron at 97°C was investigated for the concentra-
tion range of 0.1-0.3 M. Increased iron removal and decreased
iron content of the residue were observed with increasing oxalic
acid concentration (Fig. 8). Iron removal reached 92%, yielding
an iron content of 0.5 wt% in the residue. Therefore, the
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Figure 8. Iron removal and iron content (wt.%) at 97°C with oxalic acid of
various concentrations for a reaction time of 120 min.

minimum oxalic acid concentration needed to achieve the desired
iron content in kaolin was 0.3 M.

All of the previous leaching experiments were carried out for
particle sizes <100 um in which a complete degree of liberation
of iron-bearing mineral particles from clays was achieved.
However, in the leaching process a complete degree of liberation
is not necessary; a degree of liberation that causes the leaching
agent to come into contact with the target particle would be suf-
ficient. However, excessive comminution, in addition to excessive
energy consumption, leads to problems in filtration. Accordingly,
leaching experiments were carried out with particle sizes of <600,
<300 and <100 pm, and the results are shown in Fig. 9.

With increasing particle size, the degree of iron dissolution
decreased; however, the iron contents of the final products were
<1 wt.% for all particle sizes. As a result, for particle sizes
<600 um, the desired efficiency of leaching was achieved.
Particle sizes >600 pm were not available due to the pretreatment
process. Therefore, the maximum size of the particles for achiev-
ing optimal leaching conditions was 600 um, and the following
experiments were carried out within the particle size range of
<600 pm.

The effect of the liquid-to-solid (L/S) ratio on iron dissolution
was examined at 97°C at a stirring speed of 1200 rpm, a leaching
time of 120 min and an oxalic acid concentration 0.3 M. The per-
centages of iron removal and final iron contents for the L/S ratios
of 1, 2, 4, 6, 8 and 10 are presented in Fig. 10. For L/S ratios >2,

el el 5
o v 8

Iron removal (wt.%)
00
(2]

80
Figure 9. Effect of particle size on iron removal and iron content (wt.%;
temperature =97°C, stirring speed =1200 rpm, leaching time =120 min,
oxalic acid concentration=0.3 M, L/S ratio = 10).
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the desired dissolution of iron and thus the desired iron contents
of the final product were obtained.

Due to water-shortage issues, a low L/S ratio is desirable; how-
ever, stirring the slurry in very low L/S ratios also causes pro-
blems. Taking into account both of these difficulties, the
optimum value of the L/S ratio was set to 4. For further investiga-
tion, the effect of the stirring speed of the slurry at L/S ratios of 2,
4 and 10 at 97°C, a leaching time of 120 min and an oxalic acid
concentration 0.3 M was studied. At low stirring speeds
(i.e. 300 and 500 rpm), the effect of the L/S ratio was clear; as
the L/S ratio decreased, the final iron content increased.
However, at high stirring speeds (i.e. >800 rpm), the L/S ratio
did not affect leaching significantly (Fig. 11). For all of the stirring
speeds and all of the L/S ratios, the iron contents were <1 wt.%,
indicating that changes in the stirring speed did not have a signifi-
cant effect on the leaching process. Therefore, a stirring speed of
800 rpm would be sufficient to mix the pulp properly, and this
relatively low stirring speed provides significant economic and
technical advantages.

Based on previous experiments, the maximum time required
for leaching of the pretreated sample was 120 min. After optimiz-
ing all of the other parameters (i.e. 97°C, 800 rpm stirring speed,
0.3 M oxalic acid and L/S ratio of 4), further investigations were
conducted to optimize the leaching time. Reaction times of 30,
60, 90 and 120 min under the aforementioned conditions were
investigated, and the results are presented in Fig. 12. With
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increasing leaching time, the efficiency of the leaching increased;
leaching conditions were achieved after 60 min. Therefore, the
minimum time required to achieve the desired result was 60 min.

The procedure applied in this work allowed for significant
improvement in the colour of the final product to be obtained.
The changes in the colour of pulp and leaching solution before
and after the leaching process are shown in Fig. 13. The white
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800 rpm).

kaolin sediment at the end of the leaching process under opti-
mum conditions (i.e. 97°C for 60 min with an L/S ratio of 4, oxa-
lic acid concentration of 0.3 M and stirring speed of 800 rpm)
demonstrated successful removal of iron, leading to an increase
in the quality of the product. The green supernatant solution indi-
cated that the extracted iron from the kaolin was in the form of
iron oxalate complexes.
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Figure 13. Changes to slurry colour before and after leaching (left to right: before leaching, after leaching and separated solid-liquid, respectively).

Overall, if raw kaolin is pretreated with the innovative physical
separation process used in this study by removing a maximum of
20% of the raw material, the iron content of the remaining clay
(<600 um in size) would not exceed 6 wt.%. Therefore, under
optimum leaching conditions (i.e. temperature of 97°C, oxalic
acid concentration of 0.3 M, L/S ratio of 4, particle size of
<600 um, leaching time of 60 min and a stirring speed of the
pulp of 800 rpm), iron would be removed from kaolin successfully
and the iron content would not exceed 1 wt.%.

Summary and conclusions

Iron removal from a kaolin sample with 9.76 wt.% Fe, mainly in
the form of hematite, by oxalic acid using an innovative physical
pretreatment method was studied.

Initial physical characterization regarding the degree of liber-
ation indicated that hematite, as the main iron oxide impurity,
was often in the form of massive lumps or veins within the clay
minerals without complex interlocking. An effective physical
separation method was applied using a pre-agitation stage fol-
lowed by high-pressure washing to remove leaching-resistant
iron oxides selectively from the kaolin before the leaching process.
The compact structure of fine-grained kaolin was destroyed
gradually during agitation and washing, such that the hematite
particles were released and became concentrated in the coarse
fractions.

During the pretreatment, by washing the wet-ground and pre-
agitated raw kaolin on a 600 pm sieve, a maximum of 20 wt.% of
the raw material was discarded, which was equivalent to the
removal of >50 wt.% of the total iron content of the sample, lead-
ing to the reduction of the iron content to <6 wt.% in the remain-
ing part, rendering kaolin samples more appropriate for the
leaching process compared to the original samples.

The oxalic acid leaching tests performed on the pretreated kao-
lin showed that the iron impurities of kaolin could be leached out
successfully after 60 min at 97°C with an L/S ratio of 4 and a stir-
ring speed of 800 rpm using 0.3 M oxalic acid solution under
atmospheric pressure, which resulted in the reduction of the
iron content to <1 wt.% in the final product.
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