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Abstract -Potassium feldspars can be evaluated as a source of potash and can be processed with a heat treatment followed 
by water leaching without being constrained. This operation can be an alternative potash production and value-added 
products can be produced from feldspars. In the scope of thesis, the ore which contains microcline, albite and muscovite with 
9.69% K2O was subjected to roasting followed by leaching for production potash source for agriculture. After chloridizing 
roasting leaching conditions such as solid ratio, temperature and duration were optimized and the optimum parameters were 
chosen as 15% solid ratio (wt.), 40 oC and 60 minutes. Finally, lime, calcite and sodium chloride were used as additives and 
among them only sodium chloride was showed improvable results. 

 
Keywords- Potassium Extraction; Feldspar; Muscovite; Chloridizing Roasting 

 
I. INTRODUCTION 
 
Feldspars, as a potential potassium resource, are the 
most common rock forming minerals and constitute 
about 60% of the earth crust (Rao et al., 1998). 
General formula of feldspars is XAl(1-2)Si(3-2)O(8) 

where X can alter as Na, K and Ca. Feldspar group 
has nearly 20 recognized members but only two of 
them (sodium and potassium feldspars) are used 
commercially. When Na2Ocontent in feldspar is more 
than 7%, it is classified as sodium feldspar and named 
as potassium feldspar when K2O content is above 
10%. These two feldspars are the most important 
inputs of the glass industry, and 70% of them are 
commercially used in this sector (Ahmed et al., 
2016). The impurities that affect the use of feldspars 
in industry are iron and titanium oxides and very 
important economic and technological benefits can be 
achieved by decreasing the contents of these 
impurities. 
The studies carried out only in the scientific 
framework and only studied the solubility of 
potassium. Heat treatment durations were kept so 
extended and transformations have been studied so 
deeply. In recent studies, the potassium source with 
chlorinated salts has been roasted and the method of 
dissolution with water has been intensified. As a 
primary ore potassium feldspar and nepheline syenite 
were used. 
For example, Nayak et al. (2008) studied the 
potassium recovery from 13% potassium-containing 
ore in which calcium carbonate alone added to the 
system and finally they only managed to gain 10-15% 
the potassium. And when magnesium sulfate was 
added the potassium the recovery increased around 
65%. This number is relatively low compared to other 
studies in the literature. In addition, 6-hour roasting 
time is a very long durationand costly for such a 
process. 

Pradhan et al. (2015) investigated the effect of 
different additions on roasting. A potassium feldspar 
ore under 74 microns and containing 9.8% K2O were 
tested along with CaCl2, NaCl, BaCl2, Na2CO3 and 
Ca(OH)2. The roasting temperature and duration were 
selected as 900 oC and 1 hour, respectively. They 
have achieved 36% and 28% potassium recovery 
when CaCl2and NaCl were used.Orosco and Ruiz 
(2015) indicated that 93% potassium recovery from 
10.43% potassium bearing feldspar could be managed 
with the addition of 1:1 MgCl2 to feldspar and roasted 
at 900 oC. However, the processed ore contains high 
amounts of hydromagnesite. After the roasting and 
dissolution processes, magnesium minerals, forsterite 
and enstatite formation were determined. In this case, 
not only the CaCl2 which is studied extensively in the 
literature, but also the ratio of MgCl2 which has a 
high dissolution rate by adding a smaller proportion, 
which is relatively cheap, can be added. By reducing 
the amount of MgCl2 with addition of cheaper salts 
such as NaCl is important for attracting the process to 
more acceptable prices. 
Jena et al. (2016a), have added sodium chloride salt 
and phosphogypsum to 11% K2O containing feldspar 
ore. Then, roasting followed by leaching process 
were applied tomixed material and as well as to 
separated ones. Here, the recovery of potassium in the 
sodium chloride supplement alone was 61%. When 
feldspar:NaCl:phosphogypsum were prepared as in 
equal amount 92.8% potassium recovery were 
succeededat 900 °C temperature after 1 hour roasting 
time.  
This situation shows that NaCl salt canimprove 
potassium recovery using a cheaper and cost effective 
system by considering the high price of CaCl2 salt. 
Jena et al. (2016b) studied the effect of microwave 
roasting on potassium recovery instead of classical 
roasting using nepheline syenite ore containing 5.4% 
K2O. They showed that 85% of potassium could be 
dissolved from nepheline syenite ore ground below 
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150 microns with the addition of 20% charcoal and 
30% CaCl2 by weight and microwave roasting in 900 
W for 8 minutes. 
 
II. EXPERIMENTAL STUDIES 
 
2.1. Material 
The potassium feldspar sample used in experimental 
studies was obtained from Buzlukdağı Region, 
Kırşehir, Turkey. The chemical content and 
mineralogical formation of the representative sample 
was determined by modal mineralogical analyses. 
According to the results in Table 1, the dominant 
minerals are K-Feldspar, albite, muscovite. The ore 
contains 39.96% K-feldspar and 27.08% muscovite as 
potassium source. 

 

 

 
Table 1. Mineral content of ore as a result of modal mineralogy 

analysis. 
 
2.2. Methods 
The laboratory type ceramic mill with alumina balls 
was used for grinding a representative ore sample 
from 2 mm. In grinding, 1000 g of sample was fed to 
the mill. As a grinding media, balls with 3 different 
sizes was adjusted as 40% of the total mill volume. 
Multi staged closed circuit grinding was chosen in 
order not to increase the amount of slurry.In direct 
leaching experiments, %20 purity hydrochloric and 
95% purity sulphuric acid from VWR Chemicals 
were used. Pure granular and anhydrous calcium 
chloride obtained from Carlo Erba Reagents was 
ground in agate mortar and mixed uniformly to 
different size groups of K-feldspar sample with a 
certain ratio. 7.5 g of mixture was added into each 
porcelain crucible with a diameter of 8 cm and the 
roasting tests were performed in a muffle furnace 
(Protherm PLF 130/6 model) at elevated temperatures 
using 30 gr of mixture.  
After weighing the roasted samples, 15 g were 
separated and used in a dissolution process.Leaching 
experiments was carried out on pulp with 10% solid 
ratio at 60 oC temperature during 2 hours. The pulp 
was mixed using a magnetic stirrer at 500 rpm. 

Liquid/solid separation was performed using lab scale 
vacuum filter with blue ribbon filter papers. Ion 
contents of the pregnant solutions was analyzed by 
Atomic Adsorption Spectrometry (AAS) method with 
Varian AA240FS device. 
 
III. RESULTS 
 
3.1.Effect of roasting parameters 
Roasting is the most critical step of potassium 
extraction from potassium feldspar. Two main 
parameters that are temperature and roasting duration 
effects the success of the process. In addition, 
parameters such as the roasting environment and the 
amount of gas are of high importance. However, in 
this study, roasting experiments were carried out 
under atmospheric conditions and only the roasting 
temperature and time were examined. Firstly, 
feldspar:CaCl2 ratio was kept constant as 1:1.5 and 
then the leaching tests were performed at 10% solid 
in pulp ratio, 60 oC pulp temperature and 2 hours 
leaching time. Figure 1 shows the results of mass 
losses at various temperature values (650, 750, 850, 
and 950 oC) during 30, 60, 120, and 180 minutes. 
Figure 2 shows the results of dissolution experiments 
in which the roasted sample at 650, 750, 850, and 950 
Co temperature and during 30, 60, 120, and 180 
minutes were generated. 
 
3.2. Effect of Leaching Parameters 
It would not be correct to make a comment as to 
whether the feldspar peaks seen in the XRD results 
were close to each other and the samples were heat 
treated and 100% of the microcline or albite were 
consumed. However, it seems that potassium is 
consumed completely according to the analyzes and 
XRF results. But the same situation for sodium 
cannot be said. However, XRD results show that 
halite peak is seen cake, but albite is consumed 
during the reaction but not completely dissolved in 
the leaching stage. This is an advantage since less 
sodium salt precipitates, but it has also been found 
that it is necessary to optimize leaching parameters. 
For this purpose, it was aimed to optimize the basic 
parameters such as leaching time, leaching 
temperature and pulp ratio. In this context, firstly 
10%, 20% and 30% solids in pulp ratios were tested. 
After determining the most suitable solids in pulp 
ratio, the experiments were carried out by applying 
30, 60 and 120 minutes leaching time. Finally, 23, 40 
and 60 oC leaching temperature were adapted 
together with the other optimized values. 
 
3.2.1. The effect of solids in pulp ratio 
In the literature, the studies related about the effect of 
solids in pulp ratio were done around 1%. However, 
in this study, attention was paid to the fact that it was 
industrial and, it was selected as 10% as the 
minimum. Even this value is very low for the 
industry, increasing the solids in pulp ratio around 
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20% and 30% the experiments were done. The 
temperature and leach time were kept constant for 60 
oC and 120 min, respectively. Figure 3 shows the 
effect of the solids in pulp ratio on potassium 
dissolution rate. A slight decrease was observed on 
potassium dissolution rates when solids in pulp ratio 
rises from 10% to 20%, while a logarithmic decrease 
is seen when this ratio is increased to 30%. 
 

 
Figure 1. Mass losses at the roasting 

 
Figure 2. Potassium extraction recoveries of roasted sample at 

different temperature values and durations 
 
3.3.2. The effect of leaching time 
Since the sylvite and halite salts that are seen in XRD 
results of roasted products are naturally soluble, 
experiments have been carried out to reduce leaching 
time. In these experiments, the temperature of 60 oC 
and 15% solid in pulp ratio was kept constant and 
leaching time of 30, 60 and 120 minutes was tested. 
The results are shown in Figure 4. 

 
Figure 3. The effect of solids in pulp ration on potassium 

extraction value 

 

Figure 4. The effect of leaching time on potassium extraction 
value. 

As shown in the Figure 4, potassiumextraction value, 
which was 77% after 30 minutes leaching period, 
reached to 95% in 60 minutes and then it remained 
stable. However, when sodiumextraction values were 
examined, it is seen that the extraction values at 30 
and 60 minutes leaching timeis similar and 
low(around 35%) and then it increased to 55% after 
120 minutes. This shows that the sodium salt is 
dissolved longer durations than potassium. If one of 
the aims of this study was to recover sodium, it would 
have been necessary to leach for longer periods of 
time, but the aim of the study was to gain potassium 
in the purest form and for that reason 60 minutes 
leaching time was chosen. Thus, the ion 
concentration in the solution is reduced and the purity 
of the potassium salt, which can be produced in the 
subsequent precipitation stage, is increased. 
 
3.3.3. The effect of leaching temperature 
Leaching temperature is a very important parameter 
that affects both the rate of dissolution and the ion-
holding capacity of the liquid. In this part of study, 
the possibility of reducing the temperature was 
investigated since very high dissolution yields are 
reached at higher temperature values. One of the 
disadvantages of keeping the temperature high is the 
high possibility of rapid precipitation of salt and 
remains in the leach cake due to the decrease in 
temperature at the filtration stage. This may be the 
reason why sodium yields are low. However, since 
potassium is not a problem, it has become an 
advantage even in the system. Figure 5 shows the 
results of leaching experiments at 60 minutes 
leaching time, 15% solids in pulp ratio with various 
leaching temperature values (23 oC, 40 oC and 60 oC). 
 
As can be seen from the test results, decreasing the 
temperature value caused a decrease in dissolution 
yields. Due to the fact that this decrease is not very 
high, the temperature of 40 °C might be considered as 
optimum. 
 

 
Figure 5. The effect of leaching temperatureon potassium 

extraction value. 
 
IV. CONCLUSIONS 
 
In this study, potassium feldspar, which cannot be 
considered as high muscovite and iron-containing 
ceramic raw material in Kırşehir province, was used 
to obtain potassium in the fertilizer industry. 
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Potassium fertilizers that are supplied completely by 
importing could be produced usinglocal resources. 
The results obtained within the scope of this study are 
given below. 
The representative ore contains 7.98% K2O, 3.82% 
Na2O, 23.17% Al2O3 and 60.97% SiO2. The sample is 
composed of mainly 27.08% muscovite, 27.51% 
albite and 39.96% microcline.When water is used as 
the solvent after the roasting process, there is no 
presence of aluminum or silicon ion in the solution 
and selectively dissolves the alkalis.The expected 
displacement reaction is completed in 850 oC roasting 
temperature and 1-hour roasting time. Alkalis begin 
to evaporate at higher temperatures and 
durations.When dissolution is performed at 15% 
solids in pulp ratio, 60 minutes leaching time and 40 ° 
C leaching temperature, potassium can be extracted 
from the ore with 90% recovery. However, the 
determination of the parameters by doing a complete 
experimental design can change these values. 
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