Valorisation of petalite tailings for the production of porous ceramics and alkali-
activated materials

V. Karmali', D. Vathi!, A. Kritikaki', K. Komnitsas'

!School of Mineral Resources Engineering, Technical University of Crete (TUC), Chania, 73100, Greece
Keywords: petalite tailings, porous ceramics, alkali-activated materials, compressive strength.
Presenting author email: vkarmali@tuc.gr

Abstract: This study investigates the use of petalite flotation tailings for the production of porous ceramics and
alkali-activated materials (AAMs). Porous ceramics are produced by mixing the tailings with a pore forming agent
followed by sintering at 1000-1100 °C. For the production of AAMs the alkali activating solution used was a 1:1
mixture of 8M KOH and Na»SiOs. The effect of calcination of the tailings at 900 and 1100 °C on the properties of
the produced ceramics and AAMs is also explored.

Introduction

Lithium is in list of critical and strategic raw materials (CRMs and SRMs) and is needed for the green energy and
digital transition (European Commission, 2023). Its demand is expected to increase in the coming years due to its
use in lithium-ion batteries and electronic devices. Li exists in various deposit types, namely volcanic clays, hard-
rock pegmatites and brines. In hard rock deposits, it is present in several minerals, including spodumene, lepidolite,
petalite, amblygonite-montebrasite, zinnwaldite, and eucryptite. Spodumene has theoretical Li2O content 8.1%,
while lepidolite 7.7% and petalite 4.9%, respectively. Zinnwaldite is the impure variety of lepidolite with high iron
content. Amblygonite and eucryptite have high lithium content (10-12% Li20), but they are quite rare and therefore
have low economic importance (Petrakis et al., 2025). The beneficiation of hard-rock lithium ores includes various
stages such as comminution, dense media separation (DMS), magnetic separation and/or froth flotation. The
present study investigates (i) the potential of petalite flotation tailings and (ii) the effect of their calcination in the
production of porous ceramics and alkali-activated materials (Kritikaki et al., 2016).

Materials and Methods

Petalite tailings (PT), produced from flotation experiments carried out at TUC, with a deo particle size 220 pum, are
used as raw materials. PT prior to their use are dried at 80 °C for 24 h and then ground in a rod mill for 1 h, to a
final doo size 84 um. Their particle size distribution is determined with the use of a Mastersizer-S laser analyzer
(Malvern Instruments, Malvern, UK). Their chemical analysis is determined with the use of an S2 Range type X-
ray fluorescence energy dispersive spectrometer (XRF-EDS) (Bruker, Karlsruhe, Germany), while the loss on
ignition (LOI) after their heating at 1050 °C for 3 h. It is observed from Table 1 that PT have high content of SiO:
(65.6 %) and smaller content of Al2O3(17.6 %), Na20 (5.9 %) and K20 (2.5 %). Their main mineralogical phases
are quartz (SiO), petalite (LiAlSiaO10), albite (NaAlSi3Os), muscovite [KAL(SisAl)O10(OH,F)2], orthoclase
(KAISi30s), clinochlore [MgsAl(AISi3010)(OH)s] and montebrasite [LiAl(PO4)(OH)]. PT are also calcined for 2
h at 900 and 1100 °C in a laboratory furnace (LHTO08/17, Nabertherm) to explore the effect of calcination on the
production of ceramics and AAMs.

Table 1. Chemical composition of petalite tailings (in the form of oxides, wt%)
Si02  ALO; NaxO KO P05 Fe:O0s MnO CaO TiO2 LOI*
65.6 17.6 5.9 25 044 028 0.05 0.04 0.03 0.98
*LOI: Loss on ignition

Ceramics are produced by mixing raw or calcined PT with calcium carbonate (CaCOs) which is a pore
forming agent. The binary powder mixtures are uniaxially pressed (40 MPa) into cubic specimens (edge 5 cm).
All specimens are fired between 1000 and 1100 °C for 2 h using a heating rate of 3 °C /min, while cooling takes
place slowly in the furnace. The parameters determined are porosity, density and compressive strength, as the
mean value of three measurements. The compressive strength was determined with the use of an MST 815 (1600
KN) Rock Mechanics Test System with loading rate equal to 0.5-1MPa/sec.

AAMs are produced by mixing raw or calcined PT with the activating solution, consisting of 1:1 mixture
of 8 M KOH and sodium silicate solution (Na2SiOs), so that a homogeneous paste is obtained that is then cast in
steel molds (edge 5 cm). Following an initial hardening (24-48 hours), the specimens are demolded and cured for
24 h in a laboratory oven at 80 °C. After curing they are left for ageing for 7 or 28 days at room temperature.
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Results and Discussion
Figure 1 shows that the highest compressive strength value, (~17 MPa), is obtained for ceramics produced from
calcined at 900 °C PT, after sintering at 1100 °C. It is also seen that calcination at a higher temperature, 1000 °C,
does not result in increased compressive strength. The ceramics produced with raw PT acquire compressive
strength values, varying from 7.7 to 9.1 MPa. The porosity and the density of the produced ceramics vary between
40-55 % and 1.4-1.6 g/cm’, in a similar range with other studies (Li et al., 2024).

Figure 2 presents the compressive strength of the produced AAMs vs. calcination temperature (900 and
1100 °C) as a function of the ageing period (7-28 days) after curing at 80 °C. In these tests, the pre-curing time is
48 h, while the curing time 24 h. First, it is observed that raw PT acquire low compressive strength (1.5 MPa)
under the conditions tested. On the other hand, calcination has a major effect in alkali activation. The compressive
strength obtained after 28 days of ageing increases to 24.6 MPa for PT calcined at 900 °C and 42.1 MPa when the
calcination temperature is 1000 °C. Also, sufficient ageing period, 28 days, is required so that the produced AAMs
acquire high compressive strength. The porosity and density of the produced AAMs vary between 16-20 % and
1.9-2.2 g/cm?, respectively. Calcination of tailings results in elimination of clinochlore and montebrasite and the
formation of a new mineral phase, spodumene [Li(AlSi2O¢)].
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Figure 1. Effect of calcination temperature (900 °C and | Figure 2. Effect of calcination temperature (900 °C and
1000 °C) of PT vs. sintering temperature (1000-1100 | 1100 °C) of PT vs. ageing period (7 or 28 days) on the
°C) on the compressive strength of the produced | compressive strength of the produced AAMs. Other
ceramics (PT: ceramics produced from raw tailings, | operating conditions: 8 M KOH, curing at 80 °C.
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calcined at 1000 °C.

Conclusions

This study demonstrate that PT may be valorised for the production of porous ceramics and AAMs. They can be
used in the construction industry with significant economic and environmental benefits, including reduced
footprint of the construction sector, smaller volume for waste disposal, low risk for soil and water contamination
due to potential leaching of harmful elements. Finally, calcination of PT significantly enhances the properties of
the produced ceramics and AAMs.
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