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Abstract: The study describes the first comprehensive research focused on the overburden and bedrock 
of the Vidnava kaolin deposit as substitute raw materials for the ceramic industry in the dependence of 
the context of reducing the European Union on imports of critical feldspars. These materials, previously 
considered waste, were characterised in terms of their chemical and mineralogical composition and 
subsequently tested for the first time in model porcelain-type ceramic materials. Recipes containing 
kaolin KD (the trade name for a commercially available type of kaolin), Vidnava feldspar detritus, and 
waste feldspar powder from the Halamky I deposit (all sourced in the Czech Republic) were evaluated 
after firing at temperatures of 1260°C and 1360°C in oxidising and reducing atmospheres. The results 
showed that the selected materials meet the requirements of the CSN EN 60672-3 standard for basic 
physical properties even at lower firing temperatures, but their use is limited by their higher iron 
content and the colouration of the firing ceramic shard, making them suitable for producing technical 
ceramics. Practical tests of the behaviour of the raw ceramic body during the pressing process confirmed 
its technological suitability for wet pressing technology. The second part of the study focusses on the 
modification of feldspar kaolins and weathered granites from the bedrock of the deposit by magnetic 
separation. The results confirmed the promising melting properties of the products obtained and the 
potential of the overburden and subsoil of the Vidnava deposit as a source of secondary raw materials 
for the ceramic industry. 
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1. Introduction 

In recent years, the issue of reducing dependence on imports of critical raw materials, including 
feldspar, has become increasingly relevant in the European Union (European Parliament and Council, 
2024; Sigeman, 2026). At the same time, mineral extraction in Europe is restricted by legislative 
requirements to minimise the amount of waste generated during extraction (European Parliament and 
Council, 2006). During surface mining of mineral resources (kaolin), it is necessary to remove the 
overburden layers, which are usually deposited in dumps and thus become waste material. These layers 
contain clay minerals (kaolinite), mica and feldspar, representing a potential source of material that 
could be used in industrial applications. The specific properties of these materials will not limit their 
full use. The use of waste materials in technical and applied ceramics has already been extensively 
researched (Al Hoseny et al., 2018; Brasileiro et al., 2012; El-Hamid et al., 2025; Kumar et al., 2001; Novais 
et al., 2015; Zhang, 2013). Due to their low feldspar content (10–45%), these materials cannot be used 
directly as a substitute for feldspar. However, they do represent a significant source of feldspar, the use 
of which can contribute to the efficient use of open deposits (Pticen, 2024). Similar studies have been 
conducted in many kaolin deposits(Ali and Meshesha, 2025; Bedassa et al., 2019; Kotenko et al., 2024), 
but none have yet been carried out at the Vidnava deposit.  
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Another reason for using secondary raw materials is the pressure to reduce production costs and the 
gradual depletion of mineral resources in Europe. Therefore, there is growing interest in the use of waste 
materials not only from mining, but also from other industries (Al Hoseny et al., 2018; Brasileiro et al., 
2012; El-Hamid et al., 2025; Kumar et al., 2001; Novais et al., 2015; Zhang, 2013). In kaolin mining, these 
wastes are known as feldspar detritus (feldspar detritus is a mixture of low-grade feldspars with quartz, 
mica, and clay minerals), which can be processed in the field of technical ceramics. 

The Vidnava kaolin deposit is a primary kaolin deposit formed by the weathering of a granite massif 
(Murray, 1988; Pticen et al., 2024). The overburden consists of clay minerals, mica minerals, and feldspar, 
and the chemical composition of the parent rock influences the presence of contaminating oxides such 
as iron and titanium oxides (Bauluz et al., 2014; Mesele et al., 2021). These layers can be described as 
feldspar detritus or low-grade feldspar kaolin with a K2O and Na2O content of around 3.0% and a 
feldspar content of up to 40 % (Ehrenberg, 1991; Pticen, 2024). The low feldspar content prevents their 
direct use as standard ceramic feldspars, but these materials (feldspar detritus and low-grade feldspars) 
have potential for use in less demanding industrial applications. 

The bedrock of the Vidnava deposit consists of granite rocks and feldspar kaolin that usually remain 
unused even though the mining area has already been opened. Until now, weathered granite materials 
have been processed mainly using flotation methods, which produce pure high-percentage feldspar and 
pure quartz (Huang et al., 2024). However, these technologies rely on reagents that are environmentally 
problematic (Heyes et al., 2012; Shen et al., 2023).  

The purpose of this study is to propose and verify the possibilities of using feldspar detritus and the 
underlying parts of the Vidnava deposit in ceramic bodies suitable for industrial ceramics, and 
possibilities of processing bearing substrate parts (substrate granite and feldspar kaolin) into what are 
called "low-grade feldspars" (i.e., a mixture of quartz and feldspar with a feldspar content of less than 
55%) without utilising flotation. 

2. Materials and methods 

2.1. Materials 

Samples of feldspar detritus (overburden) from the Vidnava deposit were used to prepare a model 
recipe for ceramic material. The basic characteristics of the selected samples were being summarized in  

Table 1. Basic characteristics of the feldspar detritus from the Vidnana deposit. Data and labelling taken from 
Pticen 2024 (Pticen, 2024). (description: CV, total well through the deposit and NL well in the overburden above 
the deposit), and data for kaolin KD taken from (Hanykýř, V. and Kutzendörfer, J., 2008). Values are given in [%] 
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CV_01_3-11m 9.0 5.0 51.4 23.1 11.3 34.4 4.63 1.02 5.65 1.16 
CV_01_23,7-26,5m 8.7 4.7 48.4 22.7 15.3 38.0 4.53 1.52 6.05 0.99 

CV_03_36-43m 14.8 4.4 40.1 19.5 20.7 40.2 3.94 1.89 5.83 1.38 
CV_04_35-42,3m 10.4 5.2 45.9 21.6 16.7 38.3 3.87 1.67 5.54 1.60 

NL_2_2020_9,4-13m 24.8 4.3 37.7 25.1 7.9 33.0 4.57 0.88 5.45 1.71 
Feldspar dust off  

Halamky I  
- 7.0 13.0 56.6 23.0 79.6 8.10 2.0 10.2 2.58 

Kaolin KD1) 87.0 - 8.0 - - 5.0 - - 1.0 0.8 
Note: 1)Over the years, the mineralogical composition of kaolin KD has changed significantly (higher alkali content (up to 2%), higher 
content of iron compounds, etc., but also higher content of mica and feldspar). The amount of kaolinite is supplemented by the addition 
of kaolin with a high content of aluminium oxide from the Rokle deposit near Kadan. 
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Table 1. Another material used was feldspar dust off, which was being produced as a waste product 
during the grinding of raw feldspar at the Halamky I deposit. The main properties of these materials 
are summarized in Table 1 In terms of feldspar content, this feldspar powder was comparable to 
feldspars of class Z75.  

Unlike commercially available feldspar, however, the waste dust was containing a higher iron 
content, which may have been leading to characteristic discolouration of the material or melt. 

Commercially available kaolin KD from the Krasny Dvur deposit was being used in the model 
recipe. As Hanykýř was stating, these kaolins were usually also containing an admixture of 
montmorillonite (Hanykýř and Kutzendörfer, 2008). An overview of the properties of the sample is 
provided in Table 1. 

Other materials assessed were materials from the underlying parts of the Vidnava deposit, 
specifically the underlying feldspar kaolins. Their key physicochemical properties are summarised in 
Table 2. 

Table 2. Basic characteristics of samples from the underlying parts of the Vidnava deposit. Data taken from the 
Final Report on the Vidnava Geological Project (Nekl, 2024).  All values are given in [%] 

2.2. Experimental design 

Each sample was prepared with an identical rational composition of 30% feldspar, 20% silicon dioxide, 
and 50% kaolinite. The percentage composition of the individual raw materials was calculated for this 
rational formula. The recipes were made up of the following raw materials: kaolin KD, Vidnava deposit 
feldspar detritus (this is basically an unprocessed raw material that was only dried and mechanically 
broken before use), and Halamky I feldspar dust off. The composition of individual model recipes is 
shown in Table 3. 

Table 3. Model material recipes designed to correspond to a rational composition of 30% feldspar, 20% quartz and 
50% kaolinite. All values are given in [%] 

Number of sample D1 D2 D3 D4 D5 

Marking of feldspar detritus 
CV_01_ 
3-11m 

CV_01_ 
23,7-26,5m 

CV_03_ 
36-43m 

CV_04_35-
42,3m 

NL_2_2020_ 
9,4-13m 

Kaolin KD (%) 56 56 52 55 46 
Feldspar dust off Halamky I (%) 14 12 7 11 11 

Feldspar detritus (%) 30 32 41 35 43 
 
The samples labelled D1-D5 were prepared according to the recipes listed in Table 3. The raw 

materials were dried at a temperature of 105°C for two hours. Individual recipes D1–D5 were prepared 
from the input raw materials. The ingredients weighed and mixed were ground for 1 minute in a 
vibrating mill to ensure thorough homogenisation. From the prepared recipes D1–D5, 5 g of material 
was taken from each and moistened with 1 ml of water. 
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262_10,9-13,2 m 36.30 6.9 37.4 18.50 - 18.50 4.15 0.17 4.32 1.36 

271_40,1-45,9 m 13.10 7.8 32.2 20.7 22.6 43.3 4.75 2.38 7.13 2.61 
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The first set of test samples was fired in an oxidising atmosphere at a temperature of 1260°C for one 
hour, while the second set of test samples was fired at a temperature of 1360°C for one hour in a reducing 
atmosphere.  

 
Fig. 1. A) Diagram of the first part of the experiment, where ceramic bodies D1 - D5 and P1 - P5 were prepared 

based on feldspar detritus, kaolin KD, feldspar dust off Halamky (ceramic bodies D1 – D5) and commercially 
available feldspar Krasno Z55 NaK60 (ceramic bodies P1 – P5). B) Schematic of the second part of the experiment, 

where low-grade feldspar was prepared from the subsoil of the Vidnava kaolin deposit 

In the second part of this study, the possibilities of the underlying parts of the Vidnava deposit as a 
source of feldspars were examined. First, samples ground to a fraction of 0.1–0.5 mm were processed. 
These samples (262, 271) were first washed in a sieve with a mesh size of 63 µm, due to the removal of 
kaolinite (the particle size of kaolinite is typically less than 20 µm). The oversize residues of these 
samples were dried and then subjected to dry magnetic separation in a magnetic field of 0.8 to 1.0 T. 
Micas (muscovite, biotite) transition into the magnetic fraction, This phenomenon is consistent with the 
generally accepted fact that mica behaves as a paramagnetic substance (this behaviour is explained by 
the presence of iron impurities in its crystal lattice) (Kendall and Yeo, 1948; Ma et al., 2020). Feldspar 
and quartz are transferred to the nonmagnetic fraction. 

2.3. Methods 

The following methods were used in the research. The first method used was the firing test.  The firing 
test was based on firing a small amount of raw material on a ceramic substrate at a temperature of  
1360 °C in a reducing atmosphere. Subsequently, the appearance of the raw material (iron melting) was 
evaluated. In addition, the following are the basic physical characteristics. The basic technological 
properties of individual samples were evaluated in terms of bulk density, water absorption, and open 
porosity. These characteristics were determined using the Archimedes method according to CSN EN 
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60672-2 (Sample was dried at 105°C for 1 hour and weighed after drying. The samples were saturated 
with the liquid by boiling for one hour. The liquid-saturated samples were left in water for 24 hours. 
Saturated samples were weighed. Based on the data obtained, the characteristics of the above-
mentioned material were calculated) and assessed according to CSN EN 60672-3 (acceptance criteria 
according to CSN EN 60672-3 for porcelain are: open porosity max. 3 %, bulk density min. 2.2 g/cm3, 
max water absorption. 1.5 %). Magnetic separation was used to remove iron. Dry magnetic separation 
was performed on an LSV magnetic separator (Sollau) with a magnetic field about magnetic induction 
of 1.0 T. Wet magnetic separation was performed on an MX-L matrix magnetic separator (Sollau). A 
coarse matrix (Sollau) was used. Magnetic field with magnetic induction 1.2 T. The chemical 
composition was determined using an XRF DELTA professional handheld X-ray fluorescence 
spectrometer (Olympus Corporation, Tokyo, Japan). This X-rax fluorescence spectrometer utilised a 
miniature X-ray tube (4W max. 200 µA current) and a large-area silicon drift detector (SDD). The results 
were evaluated and quantified using Innov-X Delta Advanced PC software (Innov-X System, version 
2.5). The mineralogy composition of the samples was determined using X-ray diffraction analysis 
(XRD). The mineralogical composition of the samples was determined using a Bruker D8 Advance 
powder X-ray diffractometer (Bruker AXS, Karlsruhe, Germany) in Brag-Brentag configuration. The 
diffraction record was taken in an angular range of 4 to 80°C 2Θ with a step of 0.015°. The results were 
evaluated and quantified using Topaz 5 (Bruker AXS 2014). The strength was determined using the 
three-point bending method on an Instron 3400 machine. 

3. Results and discussion 

The results of the firing test on raw feldspar detritus are shown in Fig. 2. According to the results of this 
test, all feldspar detritus was identified as suitable for application in ceramic materials. The results of 
basic physical characteristics determinations are summarised in Table 4. 

 
Fig. 2. Firing of raw feldspar detritus from Table 1, carried out at a temperature of 1360°C C (heating rate  

3 °C/min, holding time at maximum temperature (1360°C) 1-hour, natural cooling, reducing atmosphere 800–
1100 °C, carbon monoxide content in the reducing atmosphere 8%). The picture shows that no melt out occurred 

and therefore these materials were acceptable for use in this study. On this picture there were negative 
consequences presence iron in these materials as him coloration 

Table 4. Determined values of water absorption, bulk density, and open porosity for samples of formulations D1–
D5, fired at a temperature of 1260°C (heating rate of 3°C/min, holding time at peak temperature of 1-hour, 

natural cooling), fired at a temperature of 1360 °C (heating rate 3 °C/min, holding time at maximum temperature 
1-hour, natural cooling, reducing atmosphere 800–1100 °C, carbon monoxide content in the reducing  

atmosphere 8%) 

Sample labelling 
Firing 

temperature 
D1 D2 D3 D4 D5 

Absorbency [%] 
1260°C 0.84 0.67 0.76 1.27 1.66 
1360°C 0.14 0.13 0.16 0.19 0.33 

Bulk density [g/cm3] 
1260°C 2.20 2.31 2.33 2.34 2.30 
1360°C 2.29 2.29 2.29 2.28 2.27 

Open porosity [%] 
1260°C 1.86 1.54 1.76 2.98 3.82 
1360°C 0.33 0.31 0.38 0.43 0.75 
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Based on the results shown in Table 4, formulations D1 to D3 can be considered suitable in terms of 
bulk density and water absorption for porcelain-type materials as specified by the CSN EN 60672-3 
standard. Comparison of firing temperatures of 1260°C and 1360°C (reducing atmosphere) showed that 
higher firing temperatures and a reducing atmosphere contribute to better sintering of the ceramic 
material, as can be seen in Table 4 above, i.e., the values for samples D1 – D5 fired at a hot 1360°C 
reduction show lower values of water absorption and open porosity.  

However, one of the limiting properties of these materials was their colouration, which was caused 
by the presence of a higher proportion of Fe2O3 in the raw materials used for the formulation design, in 
particular the high proportion of Fe2O3 in Halamky I feldspar powder (2.58%), as shown in Table 1, but 
also by the high iron content in the feldspar detritus itself (0.99% - 1.71%), as shown in Table 1. These 
higher iron contents largely determined the possibility of using this feldspar detritus in areas where the 
whiteness of the fired ceramic body was not emphasised. The colour of the ceramic shard could be seen 
in Fig. 2. The colour of the body could be partially corrected by the firing atmosphere, with a reducing 
atmosphere producing a body with a slightly lighter colour.  

Based on the finding, materials D1 – D3 comply with the absorbency and open porosity of porcelain-
type materials. Their appearance is strongly influenced by the high iron content in the ceramic material. 
A supplementary experiment was conducted with commercially available Ž55 NaK60 feldspar from the 
Krasno site. Identical recipes were prepared, as shown in Table 3.  

Table 5. Determined values of water absorption, bulk density, and open porosity for samples P1–P5 fired at fired 
at a temperature of 1260°C (heating rate of 3°C/min, holding time at peak temperature of 1-hour, natural 

cooling), fired at a temperature of 1360 °C (heating rate 3 °C/min, holding time at maximum temperature 1-hour, 
natural cooling, reducing atmosphere 800–1100 °C, carbon monoxide content in the reducing  

atmosphere 8%) 

Sample labelling 
Firing 

temperature 
P1 P2 P3 P4 P5 

Absorbency [%] 
1260°C 0.84 0.70 0.84 1.22 1.27 
1360°C 0.28 0.09 0.20 0.20 0.15 

Bulk density [g/cm3] 
1260°C 2.35 2.32 2.33 2.29 2.32 
1360°C 2.27 2.29 2.27 2.26 2.29 

Open porosity [%] 
1260°C 1.99 1.63 1.96 2.79 2.96 
1360°C 0.64 0.21 0.46 0.44 0.34 

Halamky I feldspar powder was replaced with Krasno Z55 NaK60 feldspar. Samples with a recipe 
where Z55 Krasno feldspar was used instead of Halamky feldspar dust off were labelled P1-P5. These 
samples were fired at temperatures of 1260°C and 1360°C (reduction), and then identical characteristics 
(water absorption, bulk density, open porosity) were determined as for samples D1 – D5. These results 
is shown in Table 5.  

Based on a comparison of the values in Table 4 and Table 5, it was clear that the type of feldspar used 
did not have a significant effect on the characteristics of the sample (water absorption, bulk density, and 
open porosity). The effect of the feldspar used was not apparent even in terms of the colouration of 
individual samples (see Fig. 3). 

To verify the technological properties of the proposed ceramic bodies, the D2 ceramic body was 
selected due to its low iron content in its chemical composition. The D2 ceramic body was prepared as 
described above and, in order to homogenise a larger quantity, it was ground in a jar mill. The prepared 
mixture was moistened with an emulsion of mineral oils, natural oils, and water, as recommended by 
Valenta (Valenta, 1999). A model product (Fig. 4) was pressed from the prepared ceramic body on a 
mechanical press to verify the pressing properties of the ceramic body. Furthermore, the mechanical 
strength of the material D2 was determined to be 15.74 MPa and the shrinkage was determined to be 
13.61%. Both of these values were determined for samples fired at a peak temperature of 1260°C 
(oxidising atmosphere).  

Another important factor was the nature of the waste raw materials used (feldspar dust from 
Halamky  and  feldspar  detritus  from  the  Vidnava  deposit).  In  both  cases,  these were very fine raw 
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Fig. 3. Fired test samples of materials D1 - D5 and P1 - P5 fired at temperatures of 1260°C (heating rate of 

3°C/min, holding time at peak temperature of 1-hour, natural cooling), fired at a temperature of 1360 °C (heating 
rate 3 °C/min, holding time at maximum temperature 1-hour, natural cooling, reducing atmosphere 800–1100 °C, 

carbon monoxide content in the reducing atmosphere 8%). The appearance of the samples after firing is not 
affected by the type of feldspar used, but in the firing atmosphere in a reducing atmosphere the iron is reduced, 

resulting in a lighter-coloured ceramic shard 

 
Fig. 4. Model ceramic part from ceramic body recipe D2, fired at 1260°C (heating rate of 3°C/min, holding time at 

peak temperature of 1-hour, natural cooling), prepared by wet pressing technology for demonstration of 
technological properties of this ceramic body I real production process 

materials that could significantly reduce the grinding time of the ceramic material. Another important 
technological aspect was that, in addition to saving energy, time and wear and tear on machinery due 
to shorter grinding times, feldspar detritus could partially replace feldspar (which was now a critical 
raw material) and, above all, quartz sand, which was used as grog in porcelain-type materials and 
required a longer grinding time than the proposed materials using feldspar detritus, which already 
contained finely dispersed quartz in their composition. Further potential savings could be seen in the 
use of Halamky feldspar dust as a substitute for commercially available feldspars. 

The main limitation of the proposed materials was the higher iron content in their chemical 
composition and thus their characteristic colouration. For this reason, the use of these materials 
containing feldspar detritus could be seen primarily in the field of technical ceramics for products, 
where a very low iron content was not required in the ceramic body, and where the requirements for 
the colour of the body were not as strict in terms of colour shade as in functional ceramics.   

The second part of the study aimed to find the optimal use of the overburden (feldspar detritus) and 
the underlying parts of the Vidnava deposit, which consisted of feldspar kaolins. On the basis of this 
assumption, these underlying parts were used as raw material to obtain feldspar. As mentioned above, 
feldspar was classified as a critical raw material (European Parliament and Council, 2024). The sample 
taken from the overburden deposit was marked 262 (10,9 – 13,2 m), and the sample from the underlying 
part of the Vidnava deposit was marked 271 (41 – 45,9 m) was crushed into fractions smaller than 0.1 
mm and into fractions of 0.1 to 0.5 mm. 

The proportion of the non-magnetic product for individual samples was quantified in Table 6. At 
that stage, the obtained quartz–feldspar mixture could be classified as low-grade feldspar suitable for 
use in the ceramics industry. To verify the melting effects of these feldspar-quartz mixtures, a firing test 
was performed on non-magnetic fractions obtained by dry magnetic separation of granite samples from 
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Table 6. Dry magnetic separation performed on washed samples from the Vidnava deposit (fraction 0.1–0.5 mm). 
All values are given in [%] 

Sample labelling 262 271 
Nonmagnetic product 63.81 78.59 
Intermediate product 15.09 7.82 

Magnetic product 21.11 13.60 

the underlying parts of the Vidnava deposit. The results of firing tests at a temperature of 1380°C are 
shown in Fig. 5. The mineralogical composition of these samples is shown in Table 7.  

As can be seen in Fig. 5, in all cases, the materials obtained were well melted. The non-magnetic 
fractions of samples 262 and 271 after dry magnetic separation were characterised by pure feldspar with 
a high quartz content (Agus et al., 2000; Gougazeh, 2022). Table 7 showed that these samples did not 
contain kaolin. 

Mineralogical composition was determined (XRD) – see Table 7. Based on published data, the 
primary source of iron in feldspar materials is biotite (mica) (Hestnes et al., 2013).  Since mica was not 
detected by XRD in the obtained feldspar-quartz mixture and given the light colour of the fired material, 
it can be assumed that iron is present in the material only in trace amounts. The XRF method determined 
that the material contained approximately 0.4% iron. 

Table 7. Mineralogical composition samples (262, 271) from the Vidnava deposit, ground to a fraction of 0.1-0.5 
mm, separated by dry magnetic separation at an induction of 1.0 T. All values are given in [%] 

Sample Quartz K-Feldspar Albite Mica 
262 (10,9 – 13,2 m) 76.5 23.5 - - 
271 (41 – 45,9 m) 66.1 33.9 - - 

 

 

 

Fig. 5. A) Sample 262 from the Vidnava deposit, ground to a fraction of 0.1-0.5 mm, separated by dry magnetic 
separation at an induction of 1.0 T, non-magnetic fraction fired at a temperature of 1380 ° C (heating rate of 
3°C/min, holding time at peak temperature of 1-hour, natural cooling). The sample is white in colour, this 

phenomenon corresponds to the low iron content in the sample, which was determined to be 0.25% by the XRF 
method. B) Sample 271 treated in the same way as sample 269 (Figure 5A). This sample was also white after firing 

identically to the sample in Fig. 5A, and the iron content was determined to be 0.33% by XRF. C) XRD record of 
sample 262 after dry magnetic separation, no micas (biotite) were detected in the sample, which are one of the 

main contaminants of feldspar with iron; this finding is also confirmed by the white colour of the firing, see Fig. 
5A. D) XRD record of sample 271 after dry magnetic separation, no micas were detected in the sample, which is 

also why the light colour of the burnished stone corresponds 
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In addition to the dry magnetic separation process, an alternative process was tested on a second set 
of samples (samples 262, 271) from the Vidnava deposit, when the samples were ground to a fraction of 
less than 0.1 mm. Ground samples were transferred directly to a suspension and then double wet 
magnetic separation was performed using a coarse matrix. The balance of wet magnetic separation is 
shown in Table 8. The non-magnetic fractions were again fired at a temperature of 1380°C. The fired 
samples are shown in Fig. 6. 

Table 8. Mass yields into products of wet magnetic separation on unwashed samples of the Vidnava deposit 
(fractions below 0.1 mm). All values are given in [%] 

Sample labelling 262 271 
Non-magnetic product  62.41 85.78 

Magnetic product  37.59 14.22 

Table 9. Mineralogical composition samples from the Vidnava deposit (262, 271), ground to a fraction of <0.1 mm, 
separated by wet magnetic separation at 1.2 T on a coarse matrix. All values are given in [%] 

Sample Quartz K-Feldspar Albite Kaolinite Mica 
262 (10,9-13,2 m) 6.9 24.5 1.5 60.4 7.1 
271 (41 – 45,9 m) 13.5 19.4 44.9 17.0 5.2 

 

 

  
Fig. 6. A) Sample 262 from the Vidnava deposit, ground to a fraction of <0.1 mm, separated by wet magnetic 

separation at an induction of 1.2 T, non-magnetic fraction fired at a temperature of 1380°C (heating rate of 
3°C/min, holding time at maximum temperature of 1-hour, natural cooling). The sample is not white in colour, 
this phenomenon corresponds to the content of kaolin and the mica in the material and small iron content in the 

sample, which was determined to be 0.39% by the XRF method. B) Sample 271 treated in the same way as sample 
269. This sample was also not white after firing to the sample and the iron content was determined to be 0.42% by 

XRF. C) XRD record of sample 262 after wet magnetic separation, micas were detected in the sample, which are 
one of the main contaminants of feldspar with iron; this finding is also confirmed by the darker colour of the 
firing, see Fig. 6A. D) XRD record of sample 271 after wet magnetic separation confirms the conclusions from 

picture 6C 

As shown in Fig. 6, omitting the technological step in which the kaolinitic fraction was removed 
using a 63 µm screen resulted in a material with a different structural character. The firing did not result 
in such perfect melting and vitrification as in the previous case. This phenomenon was caused by the 
presence of kaolinitic components (see Table 9). In Fig. 5, the kaolinitic fraction was completely removed 
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by washing in 63 µm sieves, whereas in the samples shown in Fig. 6 the kaolinitic fraction remained 
present.  

Based on the results, we concluded that the final product of the processing materials from the 
overburden of the Vidnava deposit (sample 262) was a low-grade feldspar-quartz mixture with a 
feldspar content of 23.5% (Table 7).  We obtained this mixture by sieving the sample through a sieve 
with a mesh size of 63 µm. When screened using a mesh of 63 µm mesh, albite, which had particles 
smaller than 63 µm, was removed (Kilinc-Aksay, 2018), as was kaolinite, which had particles smaller 
than 20 µm (Yang et al., 2023). Given that the resulting quartz-feldspar mixture contained only 23.5% 
feldspar (indicating that it was a lean feldspar), the question of whether it would have been more 
advantageous from a technical standpoint to prepare a mixture containing kaolin, feldspar, and quartz 
from this raw material (sample 262). A mixture such as the one described above could have been 
prepared using wet magnetic separation, in which case this mixture would have constituted the 
virtually non-magnetic fraction remaining after wet magnetic separation. The composition of this 
mixture was 60.4% kaolinite, 24.5% potassium feldspar, and 6.9% quartz; the amount of albite in this 
mixture was only 1.5%. This kaolin-feldspar mixture could have been used directly in ceramic bodies, 
where it would have replaced part of the kaolin and feldspar (since feldspar was currently classified as 
a critical raw material). 

The underlying sections of the deposit, consisting of feldspar-rich kaolins and underlying granites 
(sample 271), could be processed in a similar way. Using these raw materials, a feldspar-quartz mixture 
with a feldspar content of 33.9% was prepared by combining screening on a mesh of 63 µm mesh and 
dry magnetic separation. When this material was processed using wet magnetic separation, a mixture 
of potassium and albite feldspar with admixtures of kaolinite and quartz admixtures was obtained; see 
Table 9.  

When we compared the materials of Fig. 5A,B and Fig. 6A,B, it was evident that the materials 
obtained by wet magnetic separation (Fig. 6A,B) were darker after burning. No iron minerals were 
detected during the determination of the mineralogical composition (Table 9). The most likely 
explanation for this phenomenon is that the kaolinite particles were coated with an amorphous iron-
rich film, as reported by Guillemin et al. (Guillemin et al., 2024). 

A comparison of Tables 7 and 9 clearly showed that screening through a 63 µm mesh allowed the 
separation of kaolinite with particle sizes below 20 µm (Yang et al., 2023) and also allowed the effective 
separation of potassium feldspar and albite based on differences in particle size (Kilinc-Aksay, 2018). 

As part of this research, feldspar-quartz mixtures and feldspar kaolins were obtained, with the 
feldspar content in the material ranging from 23.5% to 64.3%. The proposed process is compared to 
currently used feldspar processing technologies, including flotation (Boulos et al., 2015), combined 
flotation with magnetic separation (Hestnes et al., 2013), and dry magnetic separation alone(Yassin et 
al., 2023). However, these methods currently primarily rely on raw materials from deposits of high-
quality feldspar, which are limited. 

Our ready-to-use products offer a cost-effective alternative that can partially replace traditional raw 
materials (high-percentage feldspar), thereby reducing the cost of manufacturing ceramic goods. 
Production of these products utilizes secondary raw materials generated during kaolin mining, which 
helps reduce the amount of waste produced during mining processes and is in line with the 
environmental sustainability requirements of the European Union. 

With a recovery use rate exceeding 60%, the proposed processes are suitable for industrial 
implementation as a supplementary production process to the main kaolin production. The main 
advantage of these products is their lower price compared to high-percentage feldspars. The use of 
proven magnetic separation technologies, which are commonly used in industry and are economically 
viable It is also important to emphasise that no environmentally harmful flotation agents are used in 
the manufacture of the proposed products, which contributes to their sustainable use and minimises 
their environmental impact. 

The main limitation of the materials described above was their higher iron content, which was 
primarily due to their nature as by-products of kaolin mining. As could be seen from the firing tests 
(Fig. 5), the elevated iron content made these materials particularly suitable for technical ceramic 
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applications, where the emphasis was placed less on the colour of the ceramic body and more on the 
cost and availability of raw materials. 

Regarding the limitations of the present study, the number of samples taken from the underlying 
parts of the Vidnava deposit was limited, although the possibility of processing these materials into 
feldspar–quartz mixtures was demonstrated. In light of this, more research in the form of operational 
tests was recommended. 

4. Conclusions 

The purpose of this study was to verify the possibilities of using feldspar debris from the overburden 
of the Vidnava kaolin deposit as an alternative raw material in the design of ceramic materials.  At the 
same time, the potential usability of the underlying parts of the Vidnava deposit as a source of low-
grade feldspar was assessed. 

The use of waste dust off from feldspar dust off from Halamky vs. commercial feldspar 55 NaK60 
from Krasno) has no significant effect on the basic physical characteristics of fired samples. Differences 
in water absorption, open porosity, and bulk density were minimal, both when fired at 1260°C and 
when fired at 1360°C in a reducing atmosphere. In terms of technological properties, Halamky feldspar 
dust off appears to be a fully-fledged substitute for commercially available feldspars. 

The main limiting factor for the use of Halamky feldspar debris and feldspar dust off from Halamky 
is the higher content of Fe2O3. This predestines these raw materials for usage in the field of technical 
ceramics, where the requirements for the whiteness of the fired body are not so high.  

A major advantage of using feldspar dust off and detritus lies in their very fine grain size, which 
allows a reduction in the grinding time required for ceramic materials. This leads to savings in both 
energy and processing time and reduces wear on technological equipment. In addition, feldspar detritus 
can partially replace quartz sand, which typically requires longer grinding times, as finely dispersed 
quartz is already a natural component of these raw materials. 

The second part of the study confirmed that the overburden and underlying parts of the Vidnava 
deposit represent a potentially usable source of feldspar raw materials. The combination of washing on 
a 63 µm screen and dry magnetic separation allows nonmagnetic fractions to be obtained, which 
correspond in character to low-grade feldspars and exhibit relatively good melting properties when 
fired at a temperature of 1380°C. Therefore, removal of the kaolinitic fraction leads to a significant 
improvement in the colour quality of the resulting feldspar raw material. When the kaolinitic fraction 
is not removed, the material is classified as feldspar kaolin rather than low-grade feldspar; nevertheless, 
it remains suitable for technological applications. 

In conclusion, the findings demonstrate that feldspar detritus and processed materials from the 
underlying parts of the Vidnava deposit exhibit considerable potential for usage in the ceramics 
industry. Their utilisation may contribute both to the partial substitution of critical raw materials, such 
as high-purity feldspar, and to more efficient use of waste materials generated during kaolin mining. 
  

References 

AGUS, M., ANGIUS, R., GHIANI, M., PERETTI, R., SERCI, A., ZUCCA, A., 2000. Beneficiation of low grade feldspar 
ores for the ceramics industry, in: Developments in Mineral Processing. Elsevier, pp. C11-17-C11-25. 
https://doi.org/10.1016/S0167-4528(00)80087-3 

AL HOSENY, N.F., AMIN, SH.K., FOUAD, M.M.K., ABADIR, M.F., 2018. Reuse of ceramic sludge in the production of 
vitrified clay pipes. Ceramics International 44, 12420–12425. https://doi.org/10.1016/j.ceramint.2018.04.031 

ALI, M.Y., MESHESHA, D., 2025. Physicochemical characterization and industrial use of Awzet Kaolin deposit in 
Northwestern Ethiopian plateau. Sci Rep 15, 44997. https://doi.org/10.1038/s41598-025-28487-4 

BAULUZ, B., YUSTE, A., MAYAYO, M.J., CANUDO, J.I., 2014. Early kaolinization of detrital Weald facies in the Galve 
Sub-basin (Central Iberian Chain, north-east Spain) and its relationship to palaeoclimate. Cretaceous Research 50, 214–
227. https://doi.org/10.1016/j.cretres.2014.03.014 

BEDASSA, G., GETANEH, W., HAILU, B., 2019. Geochemical and mineralogical evidence for the supergene origin of kaolin 
deposits – Central Main Ethiopian Rift. Journal of African Earth Sciences 149, 143–153. 
https://doi.org/10.1016/j.jafrearsci.2018.08.005 



12 Physicochem. Probl. Miner. Process., 62(4), 2026, 226663 
 

BOULOS, T.R., IBRAHIM, S.S., YEHIA, A., 2015. Differential Flotation of Some Egyptian Feldspars for Separation of Both 
Silica and Iron Oxides Contaminants. JMMCE 03, 435–443. https://doi.org/10.4236/jmmce.2015.36046 

BRASILEIRO, M.I., RODRIGUES, A.W.B., MENEZES, R.R., NEVES, G.A., SANT, L.N.L., 2012. The Kaolin Residue 
and Its Use for Production of Mullite Bodies, in: Ghenai, C. (Ed.), Sustainable Development - Energy, Engineering 
and Technologies - Manufacturing and Environment. InTech. https://doi.org/10.5772/18031 

EHRENBERG, S.N., 1991. Kaolinized, potassium-leached zones at the contacts of the Garn Formation, Haltenbanken, mid-
Norwegian continental shelf. Marine and Petroleum Geology 8, 250–269. https://doi.org/10.1016/0264-
8172(91)90080-K 

EL-HAMID, H.K.A., KHATTAB, R.M., ABO-ALMAGED, H.H., TAHA, M.A., SAWAN, S.E.A., 2025. Influence of 
ZrO2 and SiC on physico-mechanical, microstructure and electrical properties of cordierite ceramics based on utilizing 
talc/oil shale waste. Ceramics International 51, 39445–39456. https://doi.org/10.1016/j.ceramint.2025.06.178 

EUROPEAN PARLIAMENT, COUNCIL, 2024. REGULATION (EU) 2024/1252 OF THE EUROPEAN PARLIAMENT 
AND OF THE COUNCIL  of 11 April 2024  establishing a framework for ensuring a secure and sustainable supply of 
critical raw materials and amending Regulations (EU) No 168/2013, (EU) 2018/858, (EU) 2018/1724 and (EU) 
2019/1020. 

EUROPEAN PARLIAMENT, COUNCIL, 2006. DIRECTIVE 2006/21/EC OF THE EUROPEAN PARLIAMENT AND 
OF THE COUNCIL  of 15 March 2006  on the management of waste from extractive industries and amending Directive 
2004/35/EC. 

GOUGAZEH, M., 2022. Beneficiation and Upgrading of Low-Grade Feldspar Ore in Medina, Saudi Arabia. J. Ecol. Eng. 
23, 271–277. https://doi.org/10.12911/22998993/147834 

GUILLEMIN, F., LECOMTE-NANA, G., EL HAFIANE, Y., PEYRATOUT, C., SMITH, A., 2024. Influence of the firing 
atmosphere onto the thermal transformation of iron-enriched kaolin. Applied Clay Science 258, 107512. 

HANYKÝŘ, V., KUTZENDÖRFER, J., 2008. Technologie keramiky. Silikátový svaz, Praha. 
HESTNES, K.H., AASLY, K., SANDØY, R., SØRENSEN, B.E., 2013. Occurrence of iron in industrial granitic pegmatite. 

Minerals Engineering 52, 21–30. https://doi.org/10.1016/j.mineng.2013.03.004 
HEYES, G.W., ALLAN, G.C., BRUCKARD, W.J., SPARROW, G.J., 2012. Review of flotation of feldspar. Mineral 

Processing and Extractive Metallurgy 121, 72–78. https://doi.org/10.1179/1743285512Y.0000000004 
HUANG, H., LI, S., GOU, H., ZHANG, N., LIU, L., 2024. Efficient Recovery of Feldspar, Quartz, and Kaolin from 

Weathered Granite. Minerals 14, 300. https://doi.org/10.3390/min14030300 
KENDALL, J.T., YEO, D., 1948. Magnetic Susceptibility of Mica. Nature 161, 476–477. 

https://doi.org/10.1038/161476b0 
KILINC A. E., 2018. Multi-stage flotation of colored impurities from albite ore in the presence of some cationic and anionic 

collectors. Physicochemical Problems of Mineral Processing; ISSN 2084-4735. 
https://doi.org/10.5277/PPMP1805 

KOTENKO, V., BASHYNSKY, S., PISKUN, I., State University “Zhytomyr Polytechnic”, 10005 Zhytomyr, 2024. 
PROSPECTS FOR THE INTEGRATION OF QUARTZ-FELDSPAR CONCENTRATE OBTAINED FROM KAOLIN 
ENRICHMENT INTO CERAMIC PRODUCTION PROCESSES. SEPRM 5, 40–44. 
https://doi.org/10.58903/dv69110147 

KUMAR, S., SINGH, K.K., RAMACHANDRARAO, P., 2001. Effects of fly ash addition on the mechanical and other 
properties of ceramic tiles. Journal of Materials Science 36, 5917–5922. https://doi.org/10.1023/A:1012936928769 

LADISLAV V., 1999. Keramická příručka, 1. ed. Vydavatelství technické literatury, Horní Maršov. 
MA, Z., SKUMRYEV, V., GICH, M., 2020. Magnetic properties of synthetic fluorophlogopite mica crystals. Mater. Adv. 

1, 1464–1471. https://doi.org/10.1039/D0MA00317D 
MESELE, A., GIDEY, T., WELDEMARYAM, T., MULUALEM, W., MEKURIA, T., ALI, Y., MULUGETA, G., 

TESFAYE, B., BRIHAN, M., 2021. Mineralogical and geochemical characterisation of kaolin deposit from Debre Tabor 
area northwestern, Ethiopia. Applied Earth Science 130, 42–56. https://doi.org/10.1080/25726838.2021.1872820 

MURRAY, H.H., 1988. Chapter 4. KAOLIN MINERALS: THEIR GENESIS AND OCCURRENCES, in: Bailey, S.W. 
(Ed.), Hydrous Phyllosilicates. De Gruyter, pp. 67–90. https://doi.org/10.1515/9781501508998-009 

NEKL, M., 2024. Final Report on the Vidnava Geological Study (No. 3054/2022). GET s.r.o., Praha. 
NOVAIS, R.M., SEABRA, M.P., LABRINCHA, J.A., 2015. Wood waste incorporation for lightweight porcelain stoneware 

tiles with tailored thermal conductivity. Journal of Cleaner Production 90, 66–72. 
https://doi.org/10.1016/j.jclepro.2014.11.045 

PTICEN, F., 2024. Využitelná skrývka (nadloží) na ložisku Vidnava. 



13 Physicochem. Probl. Miner. Process., 62(4), 2026, 226663 
 

PTICEN, F., GODÁNY, J., VEČEŘA, J., 2024. Minulost a budoucnost jesenických kaolinů na ložisku Vidnava. Silnice 
Mosty 2024, 40–43. 

SHEN, L., SUN, N., XU, R., SUN, W., WANG, L., 2023. Adsorption mechanisms of activated surface of quartz and feldspar 
with mixed NaOL/DDA. Separation and Purification Technology 314, 123501. 
https://doi.org/10.1016/j.seppur.2023.123501 

SIGEMAN, G., 2026. Governing property rights and extractivism in the Nordics under the European Union’s Critical Raw 
Materials Act. The Extractive Industries and Society 25, 101795. https://doi.org/10.1016/j.exis.2025.101795 

YANG, Y., JABER, M., MICHOT, L.J., RIGAUD, B., WALTER, P., LAPORTE, L., ZHANG, K., LIU, Q., 2023. Analysis 
of the microstructure and morphology of disordered kaolinite based on the particle size distribution. Applied Clay Science 
232, 106801. https://doi.org/10.1016/j.clay.2022.106801 

YASSIN, K., AHMED, M., KHALIFA, M., HAGRASS, A., 2023. Removing Iron Impurities from Feldspar Ore Using Dry 
Magnetic Separation (Part One). Archives of Mining Sciences. https://doi.org/10.24425/ams.2023.144315 

ZHANG, L., 2013. Production of bricks from waste materials – A review. Construction and Building Materials 47, 643–
655. https://doi.org/10.1016/j.conbuildmat.2013.05.043 

 


