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Abstract

Talc is an important industrial commodity due to its wide-ranging intrinsic properties; however, the presence of iron oxide
hinders its industrial utilization. Herein, we report the purification of Pakistani talc through acid leaching assisted by chlo-
rination techniques. Among various acids (i.e., HF, HCI, H,SO,, HNO;, H;PO,, Aqua Regia, H;BO;, and CH;COOH), HF
was the most effectual, removing up to 67% of iron oxide at optimized conditions of temperature, 90-95 °C; time, 120 min;
HF concentration of 5%; and at a pH of 1. In the second step, chlorination of the talc sample was performed separately by
both wet chlorination and dry chlorination. Wet chlorination was carried out using KMnO, and HCl in slurry phase which
shown about 52% removal of iron oxide, whereas dry chlorination with CaCl, at high temperature attained about 48% removal
of iron oxide from talc sample. Further, the wet chlorination of HF leached samples was also performed under optimized
conditions which showed up to 87% iron oxide removal. The original and treated talc samples were characterized by EDX
and XRD analysis to monitor the changes in the elemental and mineralogical composition of the talc. It can be concluded
that HF leaching followed by wet chlorination is an effective method for the upgradation of low-grade Pakistani talc ores.
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1 Introduction

Talc is a magnesium-rich silicate in hydrated form having a
formula Mg;Si,0,,(OH),. Owing to its outstanding inherent
properties such as softness, chemical inertness, low electri-
cal conductivity, thermal stability, high surface area, high
density, good absorption, crystallinity, hydrophobicity, and
adsorption properties, it is an important industrial commod-
ity in paint, paper, pharmaceutical, and cosmetic industries
[1, 2]. Talc is widely used as filler in rubber, paper, paint,
and plastic; it is also used in cosmetic products, ceramics,
roofing products, soap, textile, lubricants, pesticides, etc.
Structurally, the talc crystals are arranged in two dimensions,
i.e., the main cleavage faces and the edges. The basal faces
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are non-polar and hydrophobic due to the absence of charged
groups; conversely, the edges are polar and hydrophilic due
to the presence of charged groups (Mg and OH™!) [3]. Based
on its composition, talc can be found in various colors. It is
a soft material and can be cut with a knife having a hard-
ness of 1 as compared to diamond having a hardness of 10
on a Mohs scale. The talc comprises ingrained minerals and
several impurities that describe its quality and consequently
its market trade. The mainstream gangue minerals in talc are
magnesite (MgCO;), carbonates, dolomite (CaMg(CO5),),
calcite (CaCOy), serpentine, and chlorite (Mgs(ALFe)(Al,
51),0,,(OH)g). The gangue minerals being hydrophilic in
nature adversely affect the talc ore quality and hinder its
industrial utilization [4, 5]. For instance, the occurrence of
iron oxide both on the surface and entrenched inside talc
refutes its ingrained properties and limits its exploitation as
an industrial precursor material. It also reduces its whiteness
which gives it an unattractive color specifically during cal-
cination [6]. Therefore, talc deferrication before utilization
is imperative economically and commercially.

To date, various techniques have been developed for the
purification of talc ores such as floatation, magnetic separa-
tion, wet attrition, acid leaching, and chlorination [4, 7-9].

@ Springer


http://orcid.org/0000-0002-9717-4781
http://crossmark.crossref.org/dialog/?doi=10.1007/s42461-021-00468-x&domain=pdf

2240

Mining, Metallurgy & Exploration (2021) 38:2239-2247

Froth flotation is used for refining talc ore because of its low
cost. In flotation, talc usually hydrophobic is concentrated
at the top as froth, while the gangue minerals are collected
at the bottom as tailings, using air bubbles and flotation rea-
gents such as frothers and depressants [10]. However, the
final concentrate often contains impurities that need further
processing such as magnetic separation and acid leaching
[4, 11]. Ahmad et al. used flotation for the up-gradation
of Egyptian talc for industrial applications; however, it
was not possible to extract iron and aluminum potentially.
For the potential extraction of iron, flotation and magnetic
separation were combined which showed good results [7,
12]. Also, acid leaching of talc ores for the exclusion of
gangue minerals is an effective practice that involves the
use of different acids such as HF, HCI, and H,SO, [13-17].
Because of its effectiveness and economic feasibility, acid
leaching is a potentially attractive process for the purifica-
tion of talc ores [17]. It successfully eradicates carbonates as
well as some amount of iron, yet it is inefficient in removing
adsorbed iron in the clinochlore structure. To this effect,
chlorination is suggested to be an effective approach for iron
oxide removal from talc by volatilizing it in the form of
FeCl; [6].

The current study accentuates acid leaching assisted by
chlorination techniques to remove different gangue miner-
als from talc in general and iron oxide in specific. The talc
sample used in this study is a host rock of emerald mines
(from Swat, Pakistan). The removal of iron oxide from talc
sample was initially studied by extraction with various acid
solutions and then by wet and dry chlorination techniques.
Wet chlorination was investigated by treatment of talc sam-
ple with KMnO, and HCl in slurry phase, while in dry chlo-
rination, talc was roasted with CaCl,. The sample was also
treated by optimized leaching followed by chlorination. The
changes in the talc sample during the leaching and chlorina-
tion treatment were investigated by EDX and XRD analysis.

2 Experimental
2.1 Materials

All the chemicals used were of analytical grade and were
used as received. Sulfuric acid (97%) was supplied by Rie-
del-de-Haen. Hydrochloric acid (37%), nitric acid (65%),
phosphoric acid (85%), and boric acid (99.95%) were pur-
chased from BDH Chemicals. Hydrofluoric acid (38%),
glacial acetic acid (100%), sodium hypochlorite solution,
ammonium acetate, 1, 10 phenanthroline monohydrate,
ammonium chloride, hydrogen peroxide, ammonia, potas-
sium permanganate, ethyl alcohol, and calcium chloride
were provided by Merck. Sample of talc was collected from
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Mingora emerald talc mine in District Swat, Khyber Pakh-
tunkhwa Province (Pakistan). The original ROM talc sample
was crushed and ground to powder in a grinder, and then
further to fine particles in a ball mill. The sample was sieved
through a mesh to collect the sized fraction with average
particle size of about 100 um. The mineralogical compo-
sition of the original talc sample was analyzed by energy
dispersive X-ray (EDX) analysis as given in Table 1. The
average elemental composition by weight and atomic % of
the original talc sample agrees with the literature reports
[18]; additionally, it also contains about 6.07% of iron as
iron oxide.

2.1.1 Removal of Iron Oxide from Talc by Acid Leaching

Purification of talc sample was investigated by leaching with
various acids. In typical leaching experiment, 5 g of talc was
taken in a 250-mL beaker, and 100 mL of leaching solu-
tion was added to it. The beaker was placed in an oil bath
mounted on a magnetic stirring hot plate. The suspension
was stirred for a definite time. After the reaction, the suspen-
sion was filtered. The residue was further washed with hot
distilled water 3 times to neutralize its pH, filtered through
Whatman 42 filter paper, and then dried in an oven for 5 h at
100 °C. The acid leaching experiment was initially carried
out for 60 min at ambient temperature (about 30 °C), using
100 mL of 5% acid solution for a 5-g talc sample. However,
leaching was later optimized under different conditions.

2.1.2 Removal of Iron Oxide from Talc by Chlorination

Removal of iron oxide from talc sample was also studied by
chlorination treatment, during which the iron oxide in talc
sample was converted into iron chloride, which could be
removed from the talc by dissolution or by volatilization on
heating at high temperature. Chlorination experiments were
performed by both wet and dry methods.

Table 1 Elemental analysis of original talc sample through EDX

Element Weight (%) Atomic (%)
CK 8.47 14.05
OK 40.405 50.26
Mg K 19.99 16.36
AlK 0.74 0.55
SiK 21.57 15.29
KK 0.05 0.02
CaK 2.34 1.16
CrK 0.345 0.13
Fe K 6.07 2.16
Totals 100 100
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Wet Chlorination In wet chlorination process, gaseous chlo-
rine produced in the laboratory was bubbled through slurry
of talc in ethanol. In a typical wet chlorination experiment,
5 g of talc sample was dispersed in ethyl alcohol in a coni-
cal flask. The opening of the flask was provided with a cork
through which a glass tube carrying gaseous chlorine was
inserted in the slurry. A long glass tube was also fixed in
the cork of the flask to serve as reflux and exhaust. The
flask was set in an oil bath placed on a hot plate to maintain
the temperature of the slurry; chlorine gas was continuously
bubbled through the talc suspension for 60 min, at a tem-
perature 100 to 120 °C. The gaseous chlorine was supplied
from another reaction assembly, in which chlorine gas was
prepared by reaction of KMnO, and HCI or NaOCl and HCL.
For preparation of chlorine gas in the laboratory by the
chemical reaction of HCl and KMnO,, a close flask provided
with dropping funnel and a tube for transport of Cl, was
used. The flask was placed in an oil bath on a hot plate as
shown in Fig. 1. About 4 g solid KMnO, was taken in the
flask and heated up to 90-95 °C; to this 12 mL of HCI was
added through the dropping funnel. KMnO, acts as an oxi-
dizing agent, which reacts with HCI to form a yellow-green
chlorine gas that was transferred by a delivery tube and bub-
bled through the talc alcoholic slurry in the conical flask.

2KMnO, + 16HCI — 2MnCl, + 2KCI + 8H,0 + 5Cl,

In an alternate procedure, gaseous Cl, was prepared by
the reaction of NaClO and HCl in a similar reaction setup
as described above. In a flask placed in an oil bath on a hot
plate, NaClO was taken and heated. HCl was added from
the dropping funnel; the reaction between NaOCl and HCI

Fig.1 Schematic representation
of wet chlorination process

produced Cl, which was transferred through a delivery tube
and bubbled through the talc slurry.

NaClO + 2HCI — NaCl + Cl, + H,0

After the experiment, the talc ethanol slurry was filtered.
The residue was washed with hot distilled water. The pH
of the talc filtrate was neutralized. The contents of chloride
ions in the final talc product were analyzed by Argentomet-
ric titration. For chlorine contaminants, Mohr’s method was
used.

Dry Chlorination In a typical dry chlorination experiment,
5 g of talc sample was mixed thoroughly with 5 g of NH,Cl,
and the mixture was transferred into a 100-mL crucible. The
crucible was then placed in a muffle furnace and heated to
250 °C for 120 min. After heating, the sample was removed
from the furnace and cooled in a desiccator. The residue
was then leached with deionized water at a temperature
of 90 °C for about 120 min. The residue was transferred
to a volumetric flask, then oxidized with a certain amount
of H,0,, and again leached with deionized water. The pH
values of the solutions were neutralized. The solution was
cooled at room temperature and filtered. The residue was
washed repeatedly with hot distilled water to neutralize its
pH and then dried in an oven. In the same procedure, 5 g of
talc sample was mixed thoroughly with 5 g of CaCl, instead
of NH,Cl. The iron contents in the filtrate were analyzed by
spectrophotometer.

Removal of Iron Oxide from Talc by Acid Leaching Assisted

Chlorination In these experiments, the talc sample was first
subjected to acid leaching under optimized conditions, and
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the leached sample was then treated by chlorination treat-
ment as mentioned in procedure given above.

2.2 Characterization

The amount of iron removed from the talc sample was deter-
mined from the iron contents in the acidic leachate. The acid
leachate was analyzed by colorimetric method or 1,10-phe-
nonthroline method [19]. The iron standard solutions with
different concentration was prepared, and its absorbance was
recorded after the addition of a buffer solution and 1,10-phe-
nonthroline on UV spectrophotometer at 510 nm, to con-
struct the calibration curve. The absorbance of the filtrate
sample was also determined similarly, and the concentra-
tion of Fe was calculated from the calibration curve. At the
same time, the iron content in the powder samples was also
analyzed by EDX. The elemental composition of the talc
sample was analyzed by EDX through SEM equipped with
X-ray detector (Model JEOL-JSM-5910; Japan). The min-
eral phases in the talc sample were investigated by XRD
analysis over X-ray diffractometer (JDX-9C JOEL, Japan)
using CuKa radiation at 1.54178 A° wavelength and a nickel
filter. The whiteness of the original and treated talc samples
was investigated by CR-300 Chroma Meter, Konica Minolta
Color, Light, and Display, Japan.

3 Results and Discussions

3.1 Removal of Iron Oxide from Talc Sample
by Leaching

The removal of iron oxide from the talc sample was initially
studied by leaching with various acids. For effective removal
of hematite (Fe,O;), the nature of acid plays a vital role; there-
fore, the role of different acid solutions was investigated on
the removal of iron oxide from talc samples. The leaching
of talc ore was investigated in the presence of various acids,
i.e., HF, HCI, HNO;, H,SO,, H;PO,, aqua regia, H;BO;, and
CH;COOH. The acid leaching experiment was initially car-
ried out for 60 min at ambient temperature (about 30 °C),
using 100 mL of 5% acid solution for a 5-g talc sample.
However, leaching conditions were later optimized at differ-
ent conditions. The acids used for leaching were of differ-
ent strengths, including very weak acids (H;BO; pKa 9.3,
CH;COOH pKa 4.5), moderately strong acids (H;PO,
pKa 2.12, HF pKa 3.2), and strong acids (HCI pKa -6, HNO;
pKa-1.37, H,SO, pKa -2). The acids with different strengths
and natures were used to investigate their iron oxide leaching
efficiency from talc. Figure 2 illustrates the removal of iron
oxide from talc ore as a function of different acids. It is evi-
dent from the results that the removal of iron oxide increases
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Fig. 2 Effect of acid leaching for iron oxide removal from talc

in the order HF > HC1>H,SO, > HNO; > H;PO, > aqua
regia>H;BO; > CH;COOH. Hydrofluoric acid shows higher
removal of iron oxide up to 67% because HF being a strong
acid preferentially dissolves a higher amount of minerals.

3.1.1 Process Parameters

The initial leaching experiments indicated that among vari-
ous acid solutions, leaching with HF solution leads to max-
imum removal of the iron oxide; hence, further leaching
experiments were carried out using HF solution. Leaching
with HF was further studied under different varying process
parameters, including the concentration of HF solution, ini-
tial pH of the talc slurry, leaching time, and leaching tem-
perature; results are shown in Fig. 3a—d. The concentration
of acid has a significant role in the removal of iron oxide; an
upsurge in iron oxide removal is observed (Fig. 3a) as the
concentration of hydrofluoric acid is increased from 1 to 5%.
This may be attributed to the availability of increased H* ion
which helps in dissolving a higher amount of iron oxide from
the talc sample. Because of the increased in reactants specie
due to increase in acid concentration, talc dissolution rate
is higher [17]. High concentration of HF above 5% was not
considered because of the corrosion and toxicity concern.
Additionally, the removal of iron oxide is also affected
by fluctuations in pH; therefore, to observe the role of pH,
different experiments were performed ranging from pH 1
to 7. As can be seen from Fig. 3b, the removal of Fe,0j; is
higher at lower pH, following a decline as the pH reaches
neutrality. The maximum removal of Fe,O; at lower pH is
because of the enhanced activity of H* ion which decreases
at higher pH. Hence, higher iron oxide removal is favored at
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lower pH [20]. For the determination of optimum time and
temperature, several experiments were carried out at vary-
ing times (30 to 120 min) and temperatures (50-95 °C), and
its effect on the Fe,O; removal was observed. The influence
of an increase in leaching time (Fig. 3c) and temperature
(Fig. 3d) has a positive effect on the removal of iron oxide
from talc ore. Since iron oxide dissolution is predominantly
reliant on the diffusion rate of HF which increases with an
increase in time and temperature. Hence, it can be deduced
that iron oxide removal is thermally activated process and
is favored at longer reaction timing [20, 21].

3.2 Removal of Iron Oxide from Talc by Chlorination

Chlorination predominantly removes iron oxide by convert-
ing it into FeCl; which can be consequently volatilized or
leached away [6]. Thereby, to explore the effect of chlorina-
tion on the removal of iron oxide from talc ore, both wet
and dry chlorination were tried solely, and then the effective
chlorinating route was applied to acid leached samples.

3.2.1 Effect of Wet Chlorination

The effect of wet chlorination on the removal of iron oxide
from talc slurry in ethanol was explored in the presence of

chlorinating agents, i.e., HC14+KMnO, and NaOCIl +HCI.
Figure 4 shows the spectrophotometric analysis for % iron
oxide removal attained as a consequence of wet chlorina-
tion. As it is observed from the data, the removal of iron
oxide up to 52% and 49% is achieved with KMnO,+HCl

60

50+

40

30

Iron Oxide Removal (%)

20

KMnO,+ HCI
Chlorine source

NaOCl + HCl1

Fig.4 Effect of wet chlorination on the removal of iron oxide from
talc samples
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and NaOCl+ HCl respectively. As obvious from the results,
increased iron oxide removal is observed with HCl+KMnO,
which may be due to a larger volume of gaseous chlorine
produced during this reaction, which effectively converted
more iron into iron chloride.

3.2.2 Effect of Dry Chlorination

Removal of iron oxide from talc sample was also investi-
gated through dry chlorination process, in which the talc
sample was mixed with NH,Cl or CaCl, and heated to about
250 °C for 120 min. The iron oxide converted into FeCl; is
further removed by leaching. Since here two different chlo-
rine precursors are used, i.e., NH,Cl or CaCl,, the % iron
removal is displayed in Fig. 5. Results indicated that in case
of NH,ClI and CaCl,, about 46% and 48% iron oxide removal
are attained respectively. As it is evident from the results,
wet chlorination leads to higher removal of iron oxide from
talc; therefore, wet chlorination was preferentially applied
to HF leached samples.

3.2.3 Effect of Simultaneous Leaching and Wet
Chlorination

In these experiments, iron oxide removal from talc was stud-
ied via acid leaching followed by chlorination. The com-
bined effect of acid leaching and chlorination was explored
under optimized set of conditions. The talc sample was ini-
tially stirred with 5% HF solution for 120 min at 90 °C; this
was followed by washing with distilled water and drying.
The acid leached dried sample was divided into two por-
tions; one part was subjected to wet chlorination using the

50

40

30+

20

Iron oxide removal (%)

NH,CI

CaCl,
Chlorinating agents

Fig.5 Effect of dry chlorination on the removal of iron oxide from
talc samples
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chlorine produced by NaOCl + HCI process and the other
portion by wet chlorination using KMnO, + HC] method.
The results are displayed in Fig. 6. Samples 1 and 2 refer to
HF leached followed by wet chlorination with NaOCl+ HC1
and KMnO, + HCI, respectively; it is evident from the results
that in case of samples 1 and 2, about 83% and 87% removal
of iron oxide was attained from talc sample respectively.
This clearly shows the advantage of simultaneous leaching
and chlorination in removal of iron oxide from talc, since up
to 67% of iron oxide removal was achieved in the sole acid
(HF) leaching step which was increased to 83% and 87% of
iron oxide removal in the acid (HF) leaching assisted chlo-
rination step [14]. The two-step process collectively helps to
remove a higher amount of iron oxide from the talc sample.

3.3 Characterization of Treated Talc Samples

To evaluate the effect of leaching and chlorination on talc
samples, before and after treatment, the samples were char-
acterized by various instrumental analyses including EDX
and XRD.

3.3.1 Elemental Composition

The treated talc samples were subjected to an energy dis-
persive X-ray analysis for the determination of elemental
composition and iron content. As given in Table 1, the origi-
nal talc sample shows the about 19% Mg, 21% Si, and 40%
O along with other metals like Al, Ca, K, and Cr, which
justify the presence of magnesium silicate and the minerals
like carbonates and oxides of Ca, K, Al, and Cr in small
amounts [18]. The original talc also contain about 6.07%

95

854

75+

65

Iron oxide removal (%)

554

45

Sample 1

Sample 2
Talc Samples

Fig.6 Effect of HF leaching and wet chlorination on the removal of
iron oxide from talc



Mining, Metallurgy & Exploration (2021) 38:2239-2247

2245

Table2 Average elemental composition of Iron content in original
talc, HF leached talc, talc after wet (KMnO,+HCI)/(NaOCI+ HCI)
and dry chlorination (NH,Cl/CaCl,), and HF leached talc followed by
wet chlorination (KMnO,+HCI)

Talc sample Average weight Average Iron
(%) of iron content atomic (%) removal
(%)
Original 6.07 2.16 —
HF leached 1.98 0.74 67
Wet chlorination 2.885 1.01 52
(KMnO,+HCI)
Dry chlorinated 3.14 1.12 48
(CaCly)
HF leached an 0.82 0.29 87
wet chlorinated
(KMnO4 +HCI)

atomic wt% of iron as iron oxide. The iron content of the
treated talc samples was determined by XRF analysis as dis-
played in Table 2. After HF leaching, the iron oxide content
is reduced to 1.98 and shows 67% removal. Chlorination
plays an important role in iron oxide removal which occurred
mainly in the form of FeCl; The effect of wet chlorination
with KMnO, + HCI as a chlorinating agent removed up to
52% of iron oxide; however, dry chlorination with CaCl,
removed up to 48% of iron oxide, thus proving wet chlorina-
tion employing KMnO, + HCl as a chlorinating agent to be
more effective way of chlorination. The average iron content
of talc sample after acid leaching followed by wet chlorina-
tion is reduced to 0.82 showing a removal of 87%. Hence,
it can be concluded from the results that acid leaching with
HF followed by wet chlorination with KMnO, + HCI shows
maximum removal of iron oxide from the talc sample.

3.3.2 Whiteness of the Treated Talc Sample

Whiteness is a very important property of the talc which
greatly impact its application in various industries such as
cosmetics, paper, paint, ceramics, and plastics [22]. Talc
cannot be used in majority of these application if it has an
objectionable color and does not have the desirable white-
ness. The faint reddish color of talc is due to presence of
iron oxide as impurity, the removal of which is the focus of
the current study.

The color or whiteness of the talc samples was measured
by calorimeter. Results are indicated in Table 3 below. It
can be observed from the data that on the whiteness scale,
the value of original scale is about 75 and 72, which has
been considerably increased to above 85 through simple
leaching with HF, as well as leaching followed by dry and
wet chlorination. However, the whiteness of the talc has not
been improved by simple wet or dry chlorination, without
HF leaching. These results also suggest that the current

Table 3 Whiteness of the variously treated talc samples

S.No Talc sample Lump Fine

Y b Y B

75.02 1.71 72.68 1.71
87.06 251 84.49 251
86.44 291 83.69 291

Original talc sample
Leached with HF

HF leached followed by wet
chlorination (KMnO, +HCI)

4 HF leached followed by wet
chlorination (NaClO + HCI)

86.29 296 8347 296

5 Wet chlorination 76.76  2.62 7399 2.62
(NaClO + HCI)
Dry Chlorination with NH,C1 = 73.02 11.94 69.89 11.94

Dry Chlorination with CaCl, = 74.23 6.24 7142 6.24

combined leaching and chlorination process are efficient
enough the improve the whiteness of the sample for indus-
trial application.

In case of talc samples, simply chlorinated by wet chlo-
rination (without acid leaching), the yellowness is mark-
edly increased, which may be attributed to the oxidized iron,
retained in the talc sample. On the other hand, in case of the
talc sample chlorinated by wet chlorination followed by acid
leaching, most of the oxidized iron is removed during leach-
ing step due to which yellowness is also decreased. Hence,
in most of the treated samples, the increase in yellowness
is very small, which is hardly observable visually and can
therefore be used in most common applications.

3.3.3 XRD Analysis

The mineralogical composition of the original talc samples,
HF leached talc, chlorinated talc, and acid leached chlorin-
ated talc, was determined by X-ray diffraction analysis. Fig-
ure 7 demonstrates the presence of various mineral phases in
the raw talc sample and the treated talc samples. The XRD
diffractogram of the original talc sample shows the occur-
rence of talc (Mg;S1,0,,.H,0) at 20 of 28.60, 18.93 and
25.78, the diffraction lines of which coincides with JCPDS
card No. 20066, clinochlore [(Mg,Fe,Al)q (Si,Al), O],
humite [(5MgO.Si0,.(H,0, HF)], dolomite [Ca Mg(CO5),]
at 20 of 12.45,32.550 and 31.00, the diffraction lines of
which coincides with JCPDS Card No. 70078, 70,168 and
360,426 respectively [18]. The XRD of the raw sample
shows the presence of talc and other minerals which agrees
with the reported literature.

The XRD diffractogram of HF leached sample shows
the presence of talc at 20 of 28.60, 18.93, and 25.78; how-
ever, other mineral peaks disappeared. It is evident from the
result that acid leaching had an effect on the talc sample by
eradicating some of the minerals. The XRD diffractogram
of wet and dry chlorinated talc is almost the same which
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Fig.7 XRD analysis of original T T=Tale T T=Tale
(a), HF leached (b), wet chlo- C= Clinochlore
rinated (c), dry chlorinated (a) H=Humite b
(d), and HF leached and wet D=Dolomite ( )
chlorinated talc samples (e) .
£
T H T
A 111 — e 11 \
10 % 2 0 M i 7010 0 % 0 5 % 70
20() 26()
T T= Tale T T=Talc
H=Humite H=Humite
(©) (d)
2z
E
T T
H
'y . . .
T T T T T T T T T T
10 20 30 40 50 60 70 10 20 30 40 50 60 70
268() 26()
T T=Tale
(e)
z
g
£
T
I . | A ,
T T T T T
10 20 30 40 50 60 70
26()

HF, and at a pH of 1, up to 67% of iron oxide removal
was observed.

Among wet and dry chlorination of talc, wet chlorination
employing chlorinating agent (KMnO, + HCI) showed
maximum removal of iron oxide up to 52%.

The simultaneous acid leaching with wet chlorination
removed up to 87% of iron oxide from the original talc
sample.

The results of EDX agree with the spectrophotometric
analysis results of iron oxide removal from talc.

The current method is an effective method for the max-
imum removal of iron oxide from the talc and can be
scaled up for the upgradation of local talc for industrial
utilization.

demonstrates the presence of talc at 20 of 28.60, 18.93, and
25.78 coinciding with JCPDS card No. 20066 respectively.
Also, the presence of humite at 20 of 32.550 whose diffrac- °
tion lines matches with JCPDS card No. 70168, is observed.
The XRD pattern of HF leached sample followed by wet
chlorination shows three major peaks of talc at 20 of 28.60,
18.93, and 25.78, the lines of which agree with the JCPDS
card No. 20066.

4 Conclusion

The following conclusion may be drawn from the current
study:

e Among acid leaching, HF leaching showed maximum

removal of iron oxide from the talc sample. At optimized
parameter, i.e., 120 min, 90-95 °C, 5% concentration of
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