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Abstract: Feldspar which is one of the main inputs of the ceramic and glass industry has widespread resources 

in Turkey and holds an outstanding role in exportation. In addition to this, potassium feldspars are one of the 

suitable resources for the production of potash which is a vital component for agriculture industry. The 

chlorination technique was used to produce potassium chloride (KCl) from potassium feldspar ore in Kırşehir-

Buzlukdağı region. The process of potassium chloride production was carried out with calcination process to 

decompose potassium feldspar and form potassium chloride while using different kinds of salts such as CaCl2, 

NaCl, and CaSO4 followed by water leaching process. The recovery from feldspar with 7.21% K2O content was 

obtained with the 1:1.25:1.5 ratio of Feldspar:CaSO4:NaCl at 1000 °C for 60 minutes followed by leaching. 

96.08% potassium dissolution was achieved. 

Keywords: potassium feldspar; potassium chloride; calcium chloride; sodium chloride; calcium 

sulfate 

 

1. Introduction 

Potash, often known as KCl, is a general name for potassium compounds. 90% of potash usage 

is accounted for fertilizer production, which is an essential component in agriculture. Potash 

fertilizers are used because they are useful in assisting with water retention, nutritional value, crop 

food resistance, and flavor (Al Rawashdeh et al., 2016). The majority of important potash deposits are 

in Canada, Germany, France, Spain, and Russia, with Canada dominating in reserves and production 

(Bulatovic, 2015). Depending on the deposit, potash can be obtained using conventional mining 

methods, solution mining methods, or from lakes (Prud’homme, 2015). However, with rising 

demand and limited resources, different methods of producing potash are being investigated. 

Potassium feldspar and nepheline syenite are the most effective minerals for producing potash. There 

are several studies being conducted to produce potash from potassium feldspar using various 

additives (Table 1). 

Table 1. Some studies to produce potash from K-feldspar with different kind of additives. 

K2O content Additive Additive ratio 
Roasting 

temp. 

Roasting 

time 
Efficiency Reference 

13.25% CaCl2 CaCl2/Feldspar: 1.15 900 oC 40 min. 91% Yuan et.al., 2015 

11.42% CaCl2 CaCl2/Feldspar: 1 900 oC  80% 
Samantray et. al., 

2019 

10.35% CaCl2 CaCl2/Feldspar: 1/0.8 900 oC 160 min. 90% Haseli et. al., 2020 

9.69% CaCl2 CaCl2/Feldspar: 1/1.5 850 oC 60 min. 99.8% 
Serdengeçti et. al., 

2019 

9.67% CaCl2 CaCl2/Feldspar: 1 950 oC 60 min. 98.25% 
Tanvar and 

Dhawan, 2020 

11.6% 
Eggshell 

and HCl 
Eggshell/Feldspar: 1.8 900 oC 30 min. 99% 

Samantray et. al., 

2020 
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10.89% 

Phosphogy

psum and 

NaCl 

NaCl/Feldspar: 1 

Phosphogypsum/Feldspar: 

1 

900 oC  92.8% Jena et. al., 2016 

10.28% 
Calcite and 

chlorine gas 
CaCl2/Feldspar: 35/65 900 oC 120 min. 97% Orosco et. al., 2019 

15% 
CaCl2 and 

NaCl 

CaCl2/NaCl/Feldspar: 

1.1/0.6/1.8 
800 oC 60 min. 95.5% Zhang et. al., 2012 

12.66% 
CaCl2 ve 

CaCO3 

CaCl2/CaCO3/Feldspar: 

2/2/1 
750-800 oC  82% Zhang et. al., 2018 

13.91% 
Calcite and 

gypsum 

Gypsum/Calcite/Feldspar: 

1/3/1 
1100 oC 40 min. 91.3% Zhong et. al., 2017 

10.43% MgCl2 MgCl2/Feldspar: 1 900 oC  93% 
Orosco and del 

Carmen Ruiz, 2015 

Feldspar is abundant in the earth’s crust and is mainly used in the glass and ceramic industries. 

Feldspar is defined by its K2O content. If the K2O content is over 10%, it is called potassium feldspar. 

Turkey is the leading country in feldspar production in the world. Besides Turkey, China, Italy, India 

and Thailand are among the countries that have a say in feldspar production (Ghalayini, 2020). 

Feldspar can be used to produce potash especially KCl by using chlorination process. Ciceri et al. 

(2014) presented a review including a list of patents for potash production from K-feldspar. There 

have been laboratory scale studies with K-feldspar, but no industrial scale studies have been 

conducted. 

The objective of this research is to find the best cost-effective approach to produce KCl from 

potassium feldspar using various types of additions. The aim is to extract potassium from feldspar 

using a roasting process followed by water leaching utilizing various types of salts such as CaCl2, 

NaCl and CaSO4. 

2. Materials and Methods 

2.1. Material and Characterisation 

Feldspar ore, obtained from Kırşehir-Buzlukdağı region in Turkey, was used in the experimental 

studies. In order to determine the chemical composition of the ore, the inductively coupled plasma 

(ICP) method was used for analyses (Table 2). According to chemical analyses, feldspar ore contains 

7.21% K2O and 4.9% Na2O in its structure. The BSE (Back-Scattered Electron) images of samples are 

given in Figure 1. A significant quantity of K-Feldspar is present with rutile, according to the image 

analysis produced with the use of SEM using the Bruker 5010 SDD (USA) device. 

Table 2. Chemical analyses of ore. 

Component Content, % Component Content, % Component Content, % 

SiO2 61,6 TiO2 0,138 Rb2O 0,0328 

Al2O3 20,8 CeO2 0,0872 Cl 0,0264 

K2O 7,21 BaO 0,0786 ZnO 0,0110 

Na2O 4,9 F 0,0720 PbO 0,00734 

CaO 2,91 SrO 0,0710 Nb2O5 0,00516 

Fe2O3 1,43 ZrO2 0,0499 ThO2 0,00459 

MgO 0,302 MnO 0,0494 Ga2O3 0,00287 

SO3 0,159 P2O5 0,0419   
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Figure 1. Image analysis of the ore. 

Modal mineralogy and mineral liberation analyses were done by using FEI MLA 650F 

(Australia) device, and the results are given in Table 3 and Figure 2 respectively. According to the 

modal mineralogy analyses, the ore contains 39.96% potassium feldspar (KAlSi3O8) and 27.08 

muscovite (KAl3Si3O10(OH)2) as a potassium source and also has a significant amount of albite 

(NaAlSi3O8) in it. MLA (Mineral Liberation Analyze) shows that under 200 microns, 90% K-Feldspar 

liberation is seen to be achievable. 

Table 3. Modal mineralogy analyses of ore. 

 Mineral Content, % 

Oxides/Hydroxides 

Man/Hematite 0.02 

Goethite 0.05 

Rutile 0.02 

Silicates 

Quartz 3.17 

K-Feldspar 39.96 

Albite 27.51 

Plagioclase 0.01 

Feldspathoid 0.09 

Muscovite 27.08 

Biotite 0.17 

Wollastonite 0.11 

Si-Al Clays 1.11 

Zircon 0.04 

 

Apatite 0.07 

Bastnasite 0.05 

Other 0.52 

Total 100 
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Figure 2. MLA anaylze results of the ore. 

X-ray diffraction (XRD) analysis was operated with a copper X-ray-sourced Panalytical X’Pert 

Pro diffractometry (UK), and PDF4/Minerals ICDD software was used for mineral characterization. 

XRD pattern of the ore is given in Figure 3 and the result displays that the ore is formed of mainly K-

Feldspar and Albite. 

 

Figure 3. X-ray diffraction pattern of ore. 

Differential thermal analysis (DTA) and thermogravimetric analysis (TGA) were operated on 

the feldspar ore and additives which are CaCl2, NaCl, and CaSO4 with the NETZSCH STA 449 F3 
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Jupiter® thermal analyzer (Germany). DTA and TGA curves of feldspar ore and additives (CaCl2, 

NaCl, CaSO4) are given in Figures 4–7, respectively. Conformable to the TGA results of the ore, a 

mass loss of 0.59% is observed between 100-400 °C and 1.68% between 400-800 °C. The mass loss 

experienced is due to the presence of small amounts of moisture and carbon dioxide contents in the 

sample. In conformity with the DTA results, moisture loss occurs at 100 °C, and decomposition occurs 

at around 780 °C in the ore. Accorrding to the results of the TGA analysis of additives, a mass loss of 

5.47% is observed between 100-400 °C and 2.88% after 800 °C for CaCl2 while there is slight change 

between 400-800 °C. CaCl2 is a substance that easily absorbs moisture from the air, and the mass 

change between 100 and 400 oC is caused by water. For the NaCl, a mass loss of 7.07% is occurred 

after 800 °C with slight changes before 800 °C. For the CaSO4, a mass loss of 7.49% is observed 

between 100-400 °C and 1.1% between 400-800 °C. Based on the DTA analysis results, decomposition 

happens at around 780, 820, and 190 °C in the CaCl2, NaCl, and CaSO4 samples, respectively. 

 

Figure 4. DTA and TGA curve of the ore. 

 

Figure 5. DTA and TGA curve of CaCl2. 
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Figure 6. DTA and TGA curve of NaCl. 

 

Figure 7. DTA and TGA curve of CaSO4. 

The feldspar ore is crushed to less than 2 mm by using a roll crusher. Afterward, the sample is 

ground to less than 106 microns with a ceramic mill. The ceramic mill was chosen during the grinding 

step to avoid contaminants. The grinding process used a 60% solid ratio with 40% ball charge. The 

feldspar sample with a size of less than 106 microns is used in all of the experiments. 

2.2. Beneficiation Methods 

For the enrichment processes, -106 micron-sized feldspar sample was subjected to roasting with 

various additives at certain ratios before leaching experiments. During the roasting processes, the 

Protherm brand PLF 130/6 model furnace (Slovakia) was used for experiments up to 1000 °C, while 

the Nabertherm brand P 320 model furnace (Germany) was used for temperatures above 1000 °C. 

Experiments were carried out with mixtures of feldspar-CaCl2 and feldspar-CaSO4-NaCl at different 

ratios and roasting temperatures while the roasting time kept constant at 1 hour. The leaching 

experiments were accomplished at 10% solid ratio at 60 °C and a stirring speed of 500 RPM for 2 

hours, and the conditions were kept constant for all of the experiments. The pulp obtained after 

leaching was separated from solid with the help of a vacuum filter. For the filtration process, Sartorius 
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brand blue labeled 391 coded filter paper was used. The pregnant solution and solid waste obtained 

from leaching processes were sent for analysis and analyzes were carried out using Varian brand 

AA240FS model atomic adsorption device (USA). The basic flowsheet of the experiments is given in 

Figure 8. 

 

Figure 8. Basic flowsheet of the experiments. 

3. Results and Discussion 

3.1. Feldspar-CaCl2 Experiments 

In the potassium extraction experiments performed using CaCl2 salt, the Feldspar:CaCl2 ratio 

was determined as 1:1.5 based on the previous work done by Serdengeçti et al. (2019). In the roasting 

experiments, the roasting time was determined as 60 minutes and the experiments were carried out 

at 800-850-900 °C roasting temperatures. The lowest roasting temperature of 800 °C was used in the 

tests since the melting points of the feldspar sample and CaCl2 are around 780 °C. After the roasting 

process, leaching experiments performed to all roasted samples. The leaching parameters kept 

constant at 10% solid ratio at 60 °C and a stirring speed of 500 RPM for 2 hours. Figure 9 displays the 

results of leaching studies carried out after roasting, and Figure 10 shows the results of an X-ray 

diffractometer analysis of solid waste obtained during leaching. 

 

Figure 9. Results of roasting temperatures by using CaCl2 as an additive. 
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Figure 10. XRD analysis result of the solid waste obtained during leaching experiment. 

93.41% and 94.19% potassium dissolution efficiency were achieved in experiments conducted at 

850 and 900 °C roasting temperatures, respectively. Since there was no significant difference in 

efficiencies, a roasting temperature of 850 °C was chosen to be ideal. Thus, the optimal efficiency was 

achieved with -106 micron particle size, 850 °C roasting temperature, and 1:1.5 Feldspar:CaCl2 ratio. 

When the findings from the study were compared to the studies in the literature (Alyosif et. al., 2023; 

Tanvar and Dhawan, 2020; Haseli et.al., 2020; Samantray et. al., 2019;Yuan et. al., 2015), it was seen 

that potassium could be extracted at the same roasting temperatures with similar efficiencies. 

According to the study of Jena et al. (2016), due to the presence of high amounts of Ca+2 ions 

above the melting temperature during roasting, calcium substitutes potassium and anorthite 

formation occurs, while potassium passes into the KCl form. While calcium and potassium, which 

have similar electronic configurations, are in their most stable forms, Ca+2 ion can be replaced by K+ 

ion. However, this process can only be valid when only potassium feldspar is present in the 

environment. Looking at the XRD curve given in Figure 8, garnet, calcite and wollastonite formation 

is observed in the waste solid after KCl is taken into solution by leaching method after roasting. 

Instead of anorthite, the high quantities of albite and muscovite minerals in the ore lead to the 

formation of these minerals. 

3.2. Feldspar-CaCl2-NaCl Experiments 

Since CaCl2 is a costly addition, different additives have been examined on the dissolving of 

potassium from potassium feldspar with high efficiency. CaCl2 was mixed with NaCl as an additive 

in experiments to minimize the CaCl2 ratio. Within the scope of the research, the roasting temperature 

of 850 °C, which is the optimal temperature for CaCl2, and the roasting period of 60 minutes were 

held constant while the Feldspar:CaCl2:NaCl ratio varied. Experiments were carried out at 

Feldspar:CaCl2:NaCl ratios of 1:1;25:0.25; 1:1:0.25; 1:0.75:0.75 and 1:0.5:1. Result of the experiments 

and XRD analysis of the solid waste obtained after leaching are given in Figure 11 and Figure 12, 

respectively. 
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Figure 11. Result of the additive ratio by using CaCl2-NaCl mixture as an additive. 

. 

Figure 12. XRD analysis result of the solid waste obtained during leaching experiment. 

The highest efficiency was reached with 93.71% at 850 °C roasting temperature and 1:1.25:0.25 

ratio in the CaCl2-NaCl mixture experiments. The potassium dissolution efficiency was 93.41% as a 

result of the experiments performed at 850 °C roasting temperature using only CaCl2. Based on the 

data, it is clear that using less CaCl2 resulted in the same potassium dissolution efficiency at the same 

roasting temperature and time. According to the studies in the literature (Haseli et. al., 2020; Hao et. 

al., 2012), an efficiency of 90-96% was achieved as a consequence of processes carried out at 800-850 

°C roasting temperature using CaCl2 and NaCl. The primary difference between the experimental 

conditions is that, while the CaCl2/NaCl ratio in the literature is around 2, the CaCl2/NaCl ratio in this 

study is 5. 
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3.3. Feldspar-CaSO4-NaCl Experiments 

Since CaCl2 is a costly addition, different additives have been examined on the dissolving of 

potassium from potassium feldspar with high efficiency. High yields could not be obtained in studies 

using only NaCl salt. Therefore, studies were carried out using NaCl salt mixed with CaSO4. The 

expected reaction to occur is as follows (Jena et. al., 2016). 

CaSO4 + 2NaCl = CaCl2 + Na2SO4 

2KAlSi3O8 + CaCl2 = 2KCl + CaAl2Si2O8+ 4SiO2  

Pure gypsum was used as a source of CaSO4 in the experiments. The Feldspar:Gypsum:NaCl 

ratio was held constant during the experiments at 1:1.25:0.25, and roasting temperatures of 800-850-

900-950-1000-1100 °C were studied. The results of the roasting temperature experiments are given in 

Figure 13. 

 

Figure 13. Results of roasting temperatures by using CaSO4-NaCl mixture as an additive. 

79.65% and 80.91% potassium dissolution efficiency were achieved in experiments conducted at 

1000 and 1100 °C roasting temperatures, respectively. The yield began to stabilize after the roasting 

temperature of 1000 °C. As a result, after settling on 1000 °C as the ideal roasting temperature, 

experiments were carried out by changing the CaSO4 and NaCl ratios. To begin with, the Feldspar 

and NaCl ratios were held constant, and experiments were performed at 1:0.25:1, 1:0.5:1, 1:0.75:1, 

1:1:1, 1:1,25:1, and 1:1.5:1 ratios of Feldspar:CaSO4:NaCl. After conducting experiments, the optimal 

CaSO4 ratio was determined. The feldspar and CaSO4 ratios were then held constant while 

experiments were carried out at 1:1.25:0.25; 1:1.25:0.5; 1:1.25:0.75; 1:1.25:1; 1:1.25:1.25 and 1:1.25:1.5 

ratios of Feldspar:CaSO4:NaCl. Result of the experiments and XRD analysis of the solid waste 

obtained after leaching are given in Figure 14 and Figure 15, respectively. 

Experiments with different CaSO4 ratios resulted in 89.32% and 89.51% efficiency at 1.25 and 1.5 

CaSO4 ratios, respectively. 1.25 CaSO4 ratio was determined to be optimal since there was no 

significant increase in potassium dissolution efficiency after 1.25 CaSO4 ratio. After the CaSO4 ratio 

was determined, the highest dissolution efficiency was obtained with 96.08% in the ratio of 1:1.25:1.5 

Feldspar: CaSO4:NaCl within the scope of the experiments performed by changing the NaCl ratios. 

Although there are not many studies in the literature with a mixture of CaSO4 and NaCl, in the study 

by Jena et al. (2016), the dissolution of potassium was carried out at 900 °C and 1:1:1 ratio with 92.8% 

efficiency by using phosphogypsum and NaCl, which has a similar structure to CaSO4. 
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Figure 14. Result of the additive ratio by using CaSO4-NaCl mixture as an additive. 

 

Figure 15. XRD analysis result of the solid waste obtained during leaching experiment. 

4. Conclusion 

In this study, different kind of salts are used as additives in order to extract potassium from 

potassium feldspar to produce KCl to be used in the fertilizers. In this context, CaCl2, NaCl and CaSO4 

salts are studied and it is clear that it is possible to extract potassium with high efficiency by using 

these salts. However, main purpose here is to obtain KCl from potassium feldspar with lower 

production cost. The maximum efficiency obtained by using CaCl2 as an additive is 93.41% potassium 

dissolution at 850 °C roasting temperature for 60 minutes with the Feldspar:CaCl2 ratio of 1:1.5. In 

the experiments done by using CaCl2-NaCl mixture, the maximum efficiency is 93.71% potassium 

dissolution at 850 °C roasting temperature for 60 minutes with Feldspar:CaCl2:NaCl ratio of 

1:1.25:0.25. Lastly, the maximum efficiency obtained after using CaSO4-NaCl mixture is 96.08% at 

1000 °C roasting temperature for 60 minutes with Feldspar:CaSO4:NaCl ratio of 1:1.25:1.5. As a result, 

it is possible to produce KCl more economically by using CaSO4-NaCl mixture as an additive which 

is cheaper than CaCl2. However, it is also depends on the economic conditions of the day because 

higher roasting temperature (1000 °C) is needed in the process of KCl production with CaSO4-NaCl 

mixture. 
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