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Figure 4: SEM images of the raw material (1a - Ms = muscovite, Qz = quartz, Zrn = zircon; 1b - Ms = 
muscovite, Mnz = monazite) and the products after the thermal treatment and acid leaching (2a - 
dehydroxylated muscovite = meta-muscovite, 1000°C, 2h; 2b - thermal treated muscovite, 1100°C, 
2h; 3a - leaching product, 270°C, 0,5h, 1000°C; 3b - leaching product, 250°C, 5h, 1100°C).
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Figure 1: Procedure of the raw material from thermal treatment to leaching with sulfuric acid for the 
production of a SCM and a potassium-rich solution. The thermal treatment was carried out at 1000°C 
and 1100°C and formed a meta-muscovite and a thermal threatet muscovite. 

Introduction
The use of clay and mica raw materials as supplementary cementitious material (SCM) is 
already integrated in many production processes of the cement industry to reduce the 
CO -emmision. In this research project a muscovite raw material (thermally treated and 2

acid leached) was investigated (Figure 1). This treatments produced a residual material, 
which can be used as a SCM. In addition a potassium-rich solution is formed, which acts 
as a resource and can be used in the fertilizer industry.
In this studie a muscovite raw material (Figure 2, Figure 4 - 1a and 1b) with a particle size 
of > 20 µm from Shijiazhuang in Hebei, China was investigated. The muscovite raw 
material consists of muscovite (70,5 %), quartz (14,9 %) and amorphous fraction (14,6 
%). The raw material and the different products (thermal treated and leached) were 
characterised by XRD, XFA, SEM, TG-DTA-IR-MS and ICP-OES (plus AAS).

Figure 3: Extraction of Potassium as a function of leaching time for both 
thermal treated muscovites (1000°C, 2h and 1100°C, 2h). Acid: H SO , 2 4

acid concentration: 96 %,  grain size: < 20 µm, temperature: 250 °C and 
solid/liquid ratio: 0,15.

Acid Leaching
The thermally treated muscovite 
(1000°C, 2h and 1100°C, 2h) was 
leached with sulfuric acid (conc. 96%) to 
extract the potassium. The leaching 
process (< 20µm, 250°C, solid-liquid-

[2]ratio: 0,15)  was performed for different 
leaching times (0,5-5h).
The extraction amount of the potassium 
depends on the leaching time and the 
thermal pretreatment (Figure 3). From the 
thermally treated muscovite (1100°C) 
over 95 % of the potassium can be 
extracted. Only up to 49 % of the 
potassium can be dissolved from the 
thermally treated sample at 1000°C.
After the complete extraction of the 
potassium (muscovite, thermally treated - 
1100°C, 2h; Figure 4 - 3b) a residue 
product consisting of quartz and 
corundum, as well as amorphous fraction 
(SiO  and Al O ) remains.2 2 3
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Figure 2: XRD patterns (right) of the muscovite raw material (40°C) and the different thermally treated 
muscovites (1000 - 1200°C, 2h). The XRD patterns (left) shows the shift of the main reflection from muscovite 
by the dehydroxylation process between 40°C and 1000°C, 2h.

Crn = corundum, Lct = leucite, Ms = muscovite, M-Ms = meta-muscovite, Qz = quartz

Thermal Treatment
Thermoanalysis (TG-DTA-IR-MS, 40°C to 1000°C) and static thermal treatment tests (muffle furnace) 
were used to characterize the thermal behavior of the raw material. Figure 2 (right) shows the different 
XRD patterns of the muscovite raw material (40°C) and the thermally treated muscovites (1000°C - 
1200°C, 2h). 
The muscovite dehydroxylated during heating between 550°C and 1000°C (Figure 4 - 2a), which is 

[1]indicated by the shift of the main reflection of 8,9 [°2Th.] to 8,78 [°2Th.] (Figure 2, left).  During this process 
the meta-muscovite is formed (1000°C, 2h). After 2h annealing at 1100°C (Figure 4 - 2b) the complete 
meta-muscovite structure is destroyed, leading to an amorphous fraction. 
The mineralogical composition has been changed to meta-muscovite, quartz, corundum and amorphous 
fraction (1000°C, 2h) or pure amorphous fraction (consisting of SiO , Al O  and K O) plus quartz and 2 2 3 2

corundum (1100°C, 2h) after the thermal treatment of muscovite. Around 1200°C, the sample melts partial 
(except for quarzt and corundum) and leucite is formed.

Results
It is possible to produce two different end products by the combination of the thermal treatment and the acid 
leaching of muscovite or ilitic raw materials, a potassium-rich solution and a solid residue product. It has 
been shown, that the crystal structure of the muscovite will be destroyed at higher temperatures (1100°C, 
2h) and the potassium extraction by leaching will be most effective (> 95% K) at these conditions. This 
residual product consists of quartz, corundum and amorphous fraction (SiO  and Al O ).2 2 3

In the next step of the project the suitability of the produced residual product as a supplementary 
cementitious material will be investigated.
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