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Abstract: The present paper reports the effective utilization of marble sludge powder (MSP) for the recovery of potash values from waste mica
scrap using chlorination roasting—water leaching method. Characterization studies indicated the presence of dolomite as the major mineral
phase in MSP, whereas muscovite and quartz were observed in the mica sample. The acid leaching studies suggest a maximum of 22% potash
recovery under conditions: 4 M H,SO, acid, particle size of ~100 pm, stirring speed of 600 r/min, leaching temperature of 75°C, and leaching
time of 90 min. The chlorination roasting—water leaching process was adopted to achieve the lowest level of 80%—90% potash recovery. The
optimum conditions for the recovery of ~93% potash from mica (~8.6wt% K,0) requires 900°C roasting temperature, 30 min roasting time,
and 1:1:0.75 mass ratio of mica : MSP : NaCl. The roasting temperature and amount of NaCl are found to be the most important factors for the
recovery process. The reaction mechanism suggests the formation of different mineral phases, including sylvite (KCI), wollastonite, kyanite,
and enstatite, during roasting, which were confirmed by X-ray diffraction (XRD) analyses and scanning electron microscopy (SEM) morpho-
logies. The MSP-blended NaCl additive is more effective for potash recovery compared with the other reported commercial roasting additives.

Keywords: potash recovery; mica scrap; marble sludge powder; chlorination roasting; water leaching

1. Introduction

The generation and steady increase of ineffectual solid
waste materials due to industrial, mining, agricultural and
commercial activities owing to increasing urbanization and
growth of population creates various problems in their dis-
posal and recycling; so, there is a need to reduce, recycle, re-
use or recover the generated solid wastes as much as possible.
Marble sludge powder (MSP), which is generated in marble
processing industries during sawing and polishing of marble,
is one of the major industrial solid wastes. Marble sludge, in
the form of semi-liquid or slurry form, contains around
24wt%—-45wt% water along with dust marble particles and
20% of the processed marble is estimated to end up in sludge
waste [1-2]. Practically 70% of the total mine’s production is
discarded as waste during mining, processing, and polishing,
resulting in significant environmental issues [2—4]. As per
the available data, the world’s major marble exporters in-
cluding Turkey, Italy, China, Greece, Spain, and India, pro-
duce a substantially high amount of marble sludge as waste
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material [5-6].

Most of the waste is dumped unscientifically and improp-
erly in nearby pit or vacant spaces, which deteriorates the
local environment in many aspects, including reduction of
soil fertility, depletion of water permeability, and increase in
the suspended particulate matter in air [7—10]. Reports are
available regarding serious human health problems due to
inhalation of dry marble sludge powder (MSP)-polluted
air [11-13]. In addition, the handling and disposal of the gen-
erated marble waste supplements an extra financial burden
for marble/dimension stone companies [ 14—15]. Hence, value
addition to this waste by recycling through a proper method
is a challenge. However, apart from land filling [16—-18], oth-
er reports are available regarding the use of marble/granite
waste for production of building and construction raw mater-
ials [19-23], different class ceramic products [24-26], re-
moval of heavy metal ions [27-30], neutralization of acidic
soil [27,31-32], and as inorganic filler materials in tire and
polymer production [33-35].

The present study reports a novel application of waste
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MSP for the recovery of potash from low-priced/waste mica
scrap material. The potassium value is commercially ex-
pressed as the oxide content, i.e., potash (K,O). The major in-
dustrial application of potassium is the manufacture of potas-
sic fertilizer (~95%), apart from glass, ceramic, pigment, and
pharmaceuticals productions [36-37]. The demand of
potassic fertilizer is growing persistently at 3%—-3.5% annu-
ally [38-39]. Many agricultural-based countries in Africa,
South Asia, Central Europe, and Oceania with no commer-
cial source of potash entirely depend on its import. However,
the presence of secondary mineral sources, such as feldspar
(4wt%—12wt% K,0), mica (6wt%—14wt% K,0), glauconitic
sandstone (4wt%—11wt% K,O), and nepheline syenite
(5wt%—10wt% K,O), which contain a good amount of
potash, is the only option for potash recovery. Mica is a
highly available mineral in India with a production of 14000
Mt, making the country the top 8th global producer [40].
However, owing to the technological development of new
materials, the global demand for mica is declining continu-
ously [41]. Therefore, an attempt has been made here to ex-
tract potash values from mica to support the fertilizer in-
dustry.

Literature studies suggest three major routes of potash re-
covery from mica and other potash bearing minerals, such as
feldspar, nepheline syenite, and glauconitic sandstone; these
routes include bioleaching, chemical leaching, and chlorina-
tion roasting-coupled water leaching processes. Dependency
on various critical parameters, such as pH, temperature, com-
plexity of mineral structure, and the presence of CO, and O,,
for bioleaching extraction processes, renders this route un-
suitable due to their low extraction efficiency [42—44]. Simil-
arly, chemical leaching of mica (muscovite/biotite/phlogo-
pite) depends on the nature and concentration of mineral
acids used, leaching temperature, leaching time, and particle
size of the sample [45-47]. The use of different acids plays
an important role and affects the potash recovery value.
Potash (K) release from the complex biotite mica structure
completely depends on the chain length of the phosphoric
acids used and dehydration degree of the system [45], where-
as the release of K from muscovite mica depends on the con-
centration of H,SO, and leaching temperature [46]. Vara-
dachari in 1997 [47] reported a maximum of 14% potash
recovery from biotite mica using HCI (9.4 N) at 80°C after
4 h of leaching period. The low recovery of potash using
BaCl, solution, Mehlich solution (H,SO, + HCI), NaOH,
and HNO; is due to the positioning of K in the complex
structure [48—50].

However, the chlorination roasting followed by water
leaching is the most efficient method to recover potassium
from these rocks/minerals. Various experimental factors, in-
cluding the roasting temperature, roasting time, and additive
ratio with respect to mica scrap/similar K-bearing rocks,
largely influence the extraction efficiency [51-52]. CaCl, is
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the most commonly used roasting additive for extraction of
potassium from mica, feldspar, and glauconitic sand-
stone [49,53-55]. The comparison of CaCl, with other
alkali/alkaline earth metal chlorides indicates it as a cheaper,
non-toxic, and highly efficient choice, as reported in literat-
ures [56-58]. Ca®" replaces K from the complex crystal
structure of mica, and subsequently, the released K* com-
bines with CI” to form KCI. The present work reports the use
of MSP (due to high calcium content) as a low-cost roasting
additive to recover potassium from mica scrap. Various char-
acterization studies have been carried out to establish the
plausible extraction mechanism.

2. Experimental
2.1. Materials and their pre-treatment

The off-white colored slippery and flaky mica scrap
sample (Fig. 1(a)) used in this study was collected from a
mica sheet manufacturer and exporter located in the state of
Jharkhand, India, and further processed in a mortar grinder
(Retch model 200M) for size reduction. The as-received
dried MSP (Fig. 1(b)) from Rajasthan state, India, was used
as such without any further treatment. Figs. 1(c) and 1(d)
present the size analysis results for both samples. Under vari-
ous grinding times of the mortar grinder, the ground products
were size analyzed using Indian standard sieves, with 80wt%
of the product passing through 100 um after 6 min grinding
(Fig. 1(c)). The other chemicals and standards, for induct-
ively coupled plasma optical emission spectroscopy (ICP-
OES) and flame photometry, were purchased from Avantor
(India) Ltd, New Delhi.

2.2. Extraction methods

2.2.1. Acid leaching

Acid leaching studies were performed with respect to dif-
ferent mineral acids, including H,SO, HNO; HCI, and
H;PO,, in a glass beaker using a digital magnetic stirrer. The
major leaching parameters, such as acid concentration,
particle size of mica scrap, leaching time, and leaching tem-
perature, were optimized for maximum recovery of potash.
The agitation rate of the slurry sample was maintained at
(600 = 10) r/min. Both flame photometer (Systronic 128puc)
and inductively coupled plasma optical emission spectromet-
er (ICP-OES Perkin Elmer 8300) were used to analyze the
leached liquor to determine the potash value.
2.2.2. Roasting—leaching experiments

The roasting—leaching experiments of mica scrap sample
involved high-temperature roasting followed by water leach-
ing. Batch-scale roasting experiments were performed in a
laboratory muffle furnace with a well-mixed and fixed mass
ratio of mica scrap powder (~10 g) and roasting additives in
an iron crucible. Roasting parameters, including roasting
time, temperature, particle size, and mica-to-additive mass
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Fig. 1.
and (d) its particle size analysis.

ratio, were varied to recover maximum potash from the feed
sample. The different roasting additives used here comprised
NaCl, CaCl,, CaCOs;, NaCO;, and MSP. After a specific
roasting time, the collected hard roasted mass was made into
powder form using a hand mortar and allowed to leach with
water only. The water leaching experiments are similar to the
methods described in section 2.2.1. At the end of water
leaching, the solid-liquid phases were separated using labor-
atory-grade filter papers, and the residual parts were washed
carefully 5-6 times. Fig. 2 presents the scheme of the extrac-
tion process.
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(a) As-received mica scrap and (c) the particle size analysis of its mortar ground products at different times; (b) the dry MSP

2.3. Characterization studies

The mineralogical characteristics of the feed and pro-
cessed product samples were studied using X-ray diffraction
(XRD, PANalytical X’pert PRO-XRD) equipped with CuK,
radiation (40 kV, 20 mA) source and ZEISS (EVO) scanning
electron microscopy (SEM) coupled with energy-dispersive
spectroscopy (EDS). Thermogravimetric analysis (TGA) of
the samples was conducted from room temperature up to
1200°C in 80 mL/min Ar flow using Netzsch STA 449F3
Jupiter instrument. The chemical composition of the samples
was determined using standard wet chemical analysis meth-
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Fig. 2. Experimental scheme for potash recovery from mica scrap using MSP and NaCl.
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ods and instruments, such as Systronic flame photometer
(Model 128pc) and Perkin Elmer Optima 8300 (ICP-OES).

3. Results and discussion
3.1. Sample characterization

Table 1 presents the chemical compositions of the feed
mica scrap and MSP, and the corresponding TGA graph is
presented in Fig. 3. The mica sample primarily consisted of
three components, such as silica, alumina, and potassium,
with a loss on ignition (LOI) value of 5.38wt%. This high
LOI value is due to the adsorbed moisture in the mica
sample. Moreover, the chemical analysis of all the mortar
ground mica products indicated that potassium was equally
distributed in all fractions (Fig. 1(c)). The dry MSP has two
prime components (CaCO; and MgCOs) with an extremely

Int. J. Miner. Metall. Mater., Vol. 27, No. 9, Sep. 2020

high LOI value of 40.45wt% (Fig. 3), and this finding is
due to the removal of CO, after heating the sample at 900°C
for 1 h.

The XRD patterns of the mica scrap and MSP samples, as
presented in Figs. 4(a) and 4(b), indicated the presence of
various phases. The mica sample consist of muscovite and
quartz phases, whereas dolomite and quartz as the major
phases present in MSP. Figs. 5 and 6 show the SEM images
along with the semi-quantitative analysis and EDS analyses
of mica and MSP, respectively. The typical flaky structure of
the mica sample was observed, and the semi-quantitative data
confirmed the presence of muscovite (K-bearing hydrated
aluminum silicate phase). The marble sludge sample has no
definite structure with no distinct particle morphology, but
the semi-quantitative data analysis indicated the presence of
calcium and magnesium oxides as the major constituents.

Table 1. Chemical composition analyses of the feed mica and marble sludge power (MSP) samples wt%
Sample SiO, AlLO; Fe,0; K,0 Na,O CaO MgO MnO TiO, LOI
Mica 48.60 27.82 4.12 8.62 0.81 2.06 1.05 0.12 0.16 5.38
MSP 4.67 0.41 0.52 0.017 0.014 32.64 21.12 0.02 0.029 40.45

Note: LOI—Loss on ignition.
3.2. Acid leaching studies

Mineral acids, such as H;PO,, HCI, HNO;, and H,SO,,
were used to study the leaching behavior of the ground mica
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Fig. 3. TGA curves of mica and MSP.
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sample. Fig. 7(a) presents the preliminary studies using these
acids of 4 M concentration at a fixed leaching temperature of
75°C, leaching time of 90 min,a stirring speed of 600 r/min,
and the sample particle size of ~100 um. The results indicate
that a maximum of 22% potassium could be leached with
H,SO,, which exhibited a better performance than the other
three acids used in the same conditions. In addition, another
set of experiments using H,SO, was attempted with varying
particle sizes of the mica sample, leaching temperatures, and
leaching times to increase the potassium extraction effi-
ciency. The results in Figs. 7(b)-7(d) imply that regardless of
the conditions of leaching parameters, the extraction effi-
ciency will be in the maximum range of 24%—26% at the
sample particle size of 45 um, leaching temperature of 95°C,
and leaching time of 180 min. Thus, these results reveal that
acid leaching is an ineffective method for the recovery of po-
tassium from mica.
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Fig. 4. XRD patterns of (a) feed mica and (b) MSP samples.



S.K. Jena et al., Chlorination roasting-coupled water leaching process for potash recovery from waste mica scrap ...

Intensity / a.u.

Fe
1 Fel aal 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18 20
Energy / keV

1207

Fig. 5. (a) SEM image, (b) EDS analysis, and (c—h) elemental mapping images of the mica sample.
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Fig. 6. (a) SEM image, (b) EDS analysis, and (c—f) elemental mapping images of the MSP sample.

3.3. Roasting-leaching studies

3.3.1. Preliminary roasting—leaching experiments

As per the available literatures [51,53,56,59], potassium
recovery from mineral sources, including mica, feldspar,
nepheline syenite, and glauconitic sandstone, is superior
when using the chloridizing roasting—water leaching method

compared with acid leaching. Reports on the use of commer-
cial roasting additives, including CaCl,, NaCl, CaCOs, and
Na,COs, are widely available for the extraction study of po-
tassium from these minerals. The free-energy—temperature
diagram of metal—chloride system suggests that the forma-
tion of KCl is favorable than any other metal chlorides [60];
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thus, potassium can be possibly recovered as KCI by roast-
ing with metal chlorides, including NaCl and CaCl,.
However, calcium-based compounds are better due to the
isoelectronic nature of Ca** and K, which easily replace K
to form the complex structure smoothly [57-58,61]. The
probability for the release of K from the complex structure
using Mg”" is low given that the difference in ionic sizes of
K" and Mg”" is notably large, and they are not in isoelectron-
ic species. Reports are available regarding the use of MgCl,
for the potash extraction purpose, but the comparison with
CaCl, suggests the effectiveness of CaCl, over the other
compounds [62]. Thus, based on these conclusions, prelim-
inary experiments were carried out using different additives
(Fig. 8).

The results of this preliminary study indicate that when
using CaCl,, potash extraction approximates 98% and is the
highest one compared with other additives, whereas CaCOs
results in extremely low recovery value of around 3%. This
large difference in extraction value may be attributed to the
presence of CI". Ca®" in both the additives can possibly re-
place K (due to the isoelectronic nature of Ca*" and K*) from
the complex mica structure; however, a chloride source is ne-
cessary to combine with the replaced K* to form KCI, which

100
80
x
=
.g 60 |
Q
g
%
= 40t
]
S
=9
20
NaCl Na,CO, CaCO, CaCl, MSP MSP+NaCl
Additives used
Fig.8. Comparison of potash recovery using different com-

mercial roasting additives (roasting conditions: roasting tem-
perature of 900°C; roasting time of 60 min; mica particle size
of ~100 pm; mica : additive mass ratio of 1:1).

is not possible in the case of CaCOs, hence resulting in low
potash recovery efficiency. Similar result for MSP as an ad-
ditive has been observed as in case of CaCO; roasting.
However, roasting of mica with a combination of MSP and
NaCl showed a sharp rise in extraction value to around 93%.
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The details of extraction and its possible mechanism using
waste MSP and NaCl are presented in sub-section 3.3.2 and
section 4, respectively.

3.3.2. Roasting using MSP and NaCl

Experiments were performed under different conditions to
evaluate the effect of MSP and NaCl on the extraction of
potash values from mica scrap. The effects of other vital
roasting parameters, such as roasting time, temperature, and
particle size, have been determined, and the results are
presented in Fig. 9.

(1) Effect of roasting time.

Fig. 9(a) shows the effect of roasting time while keeping
all other parameters constant (a roasting temperature of
900°C, a particle size of ~100 pm, and the mica : MSP :
NaCl mass ratio of 1:1:1). A set of experiments has been car-
ried out with a time gap of 10 min and showed that for al-
most 90% recovery of potassium a minimum roasting time of
30 min is required. However, the increase in roasting time
above 30 min showed an insignificant effect on potash ex-
traction.

(2) Effect of roasting temperature.

The roasting temperature plays the most important role
during the roasting process as shown in Fig. 9(b). An equal
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mass ratio of mica, MSP, and NaCl (1:1:1) mixture was roas-
ted for 60 min using a particle size of ~100 pm with varying
temperatures from 600 to 1100°C. The roasting temperature
plot shows that experiments at 600°C had the lowest potash
recovery of around 2%, whereas the highest value was close
to 94% at 900°C. A further increase in temperature resulted
in slow decrease in extraction value. The results obtained can
be explained by considering the melting point of NaCl
(801°C) and CaCO; (825°C). The extremely low potash re-
covery below 800°C was due to the high melting point of the
additives NaCl and CaCQO;, which is the minimum temperat-
ure required to initialize potassium extraction mechanism.
However, as the temperature rose above 800 to 900°C, a
sharp change in extraction value occurred, and the maximum
was obtained at 900°C. Further increase in temperature bey-
ond 900°C showed a slight decrease in potash recovery due
to the formation of water-insoluble potassium phase (leucite,
KAISi,O¢) at such high temperature as reported earlier by
Santos et al. [63]. In addition, the formed sylvite (KCl) may
be volatilized at high temperature, showing a lower value of
potassium in the leach liquor [64].

(3) Effect of particle size.

Fig. 9(c) shows the effect of particle size on the extraction
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Fig. 9. Effect of different roasting parameters on potash recovery: (a) roasting time; (b) roasting temperature; (c) particle size; (d)

mass of roasting additive used.
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efficiency of potassium from mica scrap. The particle size of
the feed sample was varied during the roasting process under
fixed conditions, including a temperature of 900°C, a roast-
ing time of 60 min, and a mass ratio of mica : MSP : NaCl of
1:1:1. The results indicate the lower the particle size, the
higher the extraction value, which is due to the generation of
a larger surface area of reactivity. The particle size of ~100
pm has a similar recovery as in the case of ~75 um and ~45
pm. Therefore, 100 pm is the optimum particle size for the
recovery of potassium from mica.

(4) Roasting additive ratio.

The effect of roasting additives was studied using differ-
ent mass ratios of NaCl and MSP at 900°C for 60 min, and
the results are shown in Fig. 9(d). In the first part of this
study, the mass ratio of mica and MSP were kept fixed at 1:1
with varying amounts of NaCl, whereas in the second part,
the mass ratio of mica and NaCl were fixed at 1:1 with vary-
ing amounts of MSP. The results show that without the addi-
tion of NaCl, extraction of potassium is negligible, thus in-
dicating the necessity of CI" [60]. A continuous rise in ex-
traction value occurred as the addition of NaCl increased.
Moreover, the use of NaCl as the only roasting additive can
extract 56% of potassium, and this value reached 93% upon
subsequent addition of MSP. Variation in the amounts of
NaCl and MSP has shown almost the same results of extrac-
tion (around 84%) at nearly 50wt% of additive addition with
respect to mica weight. From Fig. 9(d), the optimum condi-
tions of extraction when comparing all the three curves can
be predicted as follows: the mass ratio (mica : MSP : NaCl)
of 1:1:0.75, roasting temperature of 900°C, roasting time of
30 min, and particle size of ~100 pm.

(5) Water leaching.

The roasted mass generated in the high-temperature fur-
nace was cooled to room temperature and ground to fine
powder before water leaching. Various leaching parameters,
including temperature, time, the weight percentage of solid,
and stirring speed, exhibited negligible effects on the leach-
ing behavior of the roasted mass. This finding is due to the
highly water-soluble nature of sylvite (KCl) formed during
roasting.

(6) Product recovery.

The roasted product obtained (900°C temperature,
1:1:0.75 mass ratio of mica : MSP : NaCl, 30 min roasting
time) was water-leached with 40wt% solid at room temperat-
ure for 15 min using a mechanical stirrer. As the roasted
product contained sylvite and halite, it was easily dissolved in
the water, whereas the water-insoluble phases remained in
the residual part. Then, the filtrate was evaporated at
80-90°C until the formation of white shining crystals fol-
lowed by cooling at room temperature. Chemical analysis re-
vealed that the dried salt was composed of KCI (24.9wt%)
and NaCl (74.7wt%). Further characterization studies by
XRD and SEM also confirmed the presence of these two
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phases as shown in Figs. 10 and 11, respectively. The ma-
jor chemical composition of the residue is presented in
Table 2.

175000 F
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Fig. 10. XRD pattern of the crystallized salt after roasting—
leaching experiments.

4. Mechanism of extraction

The mechanism of the extraction process has been estab-
lished using the XRD and SEM studies of the roasted product
and the corresponding roast-leached residue produced under
the optimum conditions (the mass ratio of mica : MSP : NaCl
of 1:1:0.75, roasting temperature of 900°C, roasting time of
30 min, and particle size of ~100 um). The extraction mech-
anism can be discussed in two ways:

(1) Mechanism I.

The heating of mica scrap fine powder at temperatures
ranging from 600 to 900°C resulted in dehydroxylation fol-
lowed by decomposition of the sample (Egs. (1)—(3)). The
comparison of the XRD peaks of feed and calcined mica
samples indicated that the peak intensity of calcined mica
sample has been lowered, and the numbers of small peaks be-
come less, indicating the physical distortions of AlO4 octa-
hedron and SiO, tetrahedron as reported in literatures [65—66].
The appearance of broad peaks may be due to the generation
of small-sized mica particles or conversion of crystalline
phases to amorphous phases [67]. The SEM images also
showed the breaking of flaky mica structure into finer frac-
tions, indicating a distinct differentiation between the feed
mica and calcined mica sample. The XRD and SEM images
are presented in Figs. 12 and 13, respectively, for comparison.

K,0- 3A1,05-6S10,-2H,0 =K,0 - 3A,0;-6510,+2H,0 T

(H
Kzo . 3A1203 6S102 = Kzo + 3A1203 + 65102 (2)
Al,O5 +Si0, = Al,Si0s 3)

The change in the physical property of mica due to heat-
ing possibly generated micro-cracks with loose binding of K,
which is different from the untreated feed sample. K present
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Table 2. Major chemical composition of the roast—leached
residue
Composition Content /wt%
SiO, 36.75
ALO; 18.30
FezO3 2.96
K,0 0.42
Na,O 0.26
CaO 21.34
MgO 14.90
TiO, 0.10
400000 F 1 ® Muscovite
350000 ¢ Quartz
= 300000 |
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Fig. 12. Comparison of XRD patterns of feed mica and cal-

cined mica samples.

in mica was easily converted into its chloride form (as KCI)
when treated with external chloridizing roasting additives at
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Energy / keV
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Energy / keV

Cl

(a) SEM image, (b, ¢) EDS analyses, and (d—f) elemental mapping images of the crystallized salt.

the same calcination conditions.

The decomposition of dolomite occurred within the tem-
perature range of 687-916°C [68]; dolomite combined with
molten NaCl (melting point: 801°C) to produce MgCl, and
CaCl, along with Na,CO; and Na,O as per the reactions
presented in Egs. (4)—+6). However, the presence of NaCl
further lowered the decomposition temperature of dolomite
to 20—100°C, facilitating the reaction process [69].

Early stage of heating (below 8§01°C):

CaCO; -MgCO; = CaCO3 +MgO +CO;, 1 @)
Heating at above 801°C:

CaCO; + 2NaCl = CaCl, + Na,CO; 5)

MgO + 2NaCl = MgCl, + Na,O (6)

The CaCl,/MgCl, formed during the initial stages of heat-
ing played the most important role in the extraction of po-
tassium. The reaction between CaCl, and MgCl, with SiO,
(generated as per Eq. (2)) produced two new mineral phases,
namely, wollastonite (CaSiOs) and enstatite (MgSiOs), which
were confirmed in the XRD study of roasted and water-
leached products. The appearance of triclinic (wollastonite)
and orthorhombic (enstatite) crystal structures in the SEM
images of both products also substantiated the formation of
these phases. The XRD and SEM images are presented in
Figs. 14 and 15, respectively. The appearance of sylvite
(KCI) in the roasted product and its disappearance in the wa-
ter-leached residue were observed in the XRD and SEM
studies along with other insoluble phases, including kyanite
(AL SiOs) of acicular bladed structure. The possible reactions
are presented in two sets of reactions (Egs. (7) and (8)).
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20 um

—

CaCl, +SiO; + 1/20, = CaSiO; + Cl,
CaCl, + Si0, + H,O = CaSiO; + 2HCI (7)

2HC1+K,0 =2KCl1+H,0
MgCl, + SiO; + 1/20, = MgSiO; + Cl,

MgCl, +SiO, + H,O = MgSiO; + 2HCI ®)
2HC1+K,0 = 2KCl+H,0
(2) Mechanism II.

Muscovite (KALSi;0,o(OH),) also possibly reacted dir-
ectly with the quartz present in the mica and MSP samples at
high temperature to form K-feldspar (KAISi;Og) and alumin-
um silicate (AL, SiOs) with the loss of all the adsorbed mois-
ture [70-71]. Then, CaCl, (formed by reaction of MSP and
NaCl) reacted with K-feldspar to produce anorthite
(CaAlL,S1,0g), which further dissociated in the next step to
form wollastonite (CaSiO;) and kyanite (AlSiOs)
[52,56-57,72]. The appearance of different possible phases
was verified by the XRD and SEM micrographs of the roas-
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" 10 pm

Fig. 13. SEM micrographs of (a) feed mica and (b) calcined mica samples.

ted and roast-leached residue as presented in Figs. 14 and 15,
respectively. The possible reactions are presented in a set of
reactions (Eq. (9)).

3 + Kyanite
25000 ¢ + Enstatite
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” 20000 4 Sylvite
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} -
v
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1 1| Aoty l a v v +
Y — ll"...«-'l.- WL L.\-".J\»-IMU__.\A._.-‘_W._.W___.__
Ro.ast—lea.ched r§51due

10 20 30 40 50 60 70 8 90
20/ (°)

Fig. 14. XRD patterns of roasted mica and roast-leached
residue of sample.

; ' [ ANl 200 nm
A % yir H
Fig. 15. Scanning electron micrographs of (a) roasted product and (b) water-leached residue showing the formation of different
mineral phases under the optimum conditions including the mass ratio (mica : MSP : NaCl) of 1:1:0.75, roasting temperature of
900°C, roasting time of 30 min, and particle size of ~100 pm (S—Sylvite; K—Kyanite; E—Enstatite; W—Wollastonite).
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KAI5Si;0,0(OH), + SiO, = KAISi;05 + Al,Si0s + H,O
2KA1S1308 + CaC12 = CaAlzsizog + 48102 +2KCl

CaAL,Si,O5 = CaSiO; + AL SiOs
)

5. Conclusion

The generation of huge amount of solid waste (MSP) dur-
ing marble processing creates various environmental prob-
lems, such as the reduction of soil fertility, depletion of water
permeability, increase in suspended particulate matters in air,
and numerous health-related issues. Thus, the generated MSP
must be reused for value addition rather than land refilling. In
this connection, the MSP wastes were used to recover potash
from a low-cost mica scrap waste using chlorination-roasting
method. Preliminary studies using H,SO, acid leaching in-
dicated a maximum recovery of 22% potassium from mica
scrap using ~100 um particle size, 600 r/min stirring speed,
75°C leaching temperature, and 90 min processing time.
Meanwhile, the roasting—leaching experiments using MSP
and NaCl resulted in a recovery of almost 93% potash from
the mica scrap under optimum conditions, including the mass
ratio (mica : MSP : NaCl) of 1:1:0.75, roasting temperature
of 900°C, roasting time of 30 min, and particle size of ~100
um. A substantial increase in potash recovery occurred when
the temperature rose from 800 to 900°C, while the further in-
crease in temperature resulted in decreased recovery value
owing to the formation of water-insoluble potassium phases
including leucite (KAISi,Og) or volatilization of KCI. The
formation of different water-soluble and insoluble phases,
such as sylvite, wollastonite, halite, enstatite, and kyanite,
was evident from the XRD analyses and SEM micrographs
of the roasted and roast—leached products. The present report
discusses an encouraging process to recover potash for fertil-
izer application utilizing two cheap industrial waste materials.
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