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Introduction

Gypsum is a widely used material in a variety of industries, especially construction, agriculture and manufacturing.
Traditionally, coal-fired power plants have been one of the main sources of synthetic gypsum through flue gas
desulphurisation (Koralegedara et al., 2019). However, with the gradual phase-out and closure of these plants due
to stricter environmental policies and the transition to renewable energy, there is an urgent need to secure
alternative sources of gypsum.

Municipal solid waste incineration (MSWTI) plants can serve as that alternative source for gypsum recovery.
Typically, gypsum is recovered from MSWI plants equipped with flue gas treatment systems using calcium-based
compounds for desulphurisation (Hjelmar et al., 2022). However, some MSWI plants use sodium- or magnesium-
based compounds in the flue gas treatment system. One such MSWI plant is TERMIZO Liberec.

TERMIZO has a wet flue gas treatment system equipped with a three-stage wet scrubber to remove
inorganic pollutants from flue gases. In the second stage, a sodium hydroxide solution is used to absorb sulphur
oxides from the flue gases. Long-term monitoring of the technology indicates that the technological water from
flue gas desulphurisation contains an average of 30 g/L. of sulphates and could potentially serve as a secondary
source of gypsum. Other components of the process water include fluorides (cca 2 g/L) and sodium (cca 32 g/L).

The aim of the study was to evaluate the possibility of gypsum recovery from technological water in MSWI
plants using sodium-based compounds for flue gas desulphurisation. The focus was to determine the suitable
process conditions or possible limitations for the recovery of gypsum for further use in the construction industry.

Materials and methods

Laboratory experiments were conducted to precipitate gypsum from process water. The experiments were
carried out using CaClz. Two series of tests were performed: 1) using a model solution simulating the composition
of process water from flue gas desulphurisation (two titration experiments: to the equivalence point and to
complete precipitation of insoluble compounds), 2) using a real sample of process water from flue gas
desulphurisation. Then semi-pilot plant experiments were conducted to simulate a potential discontinuous
production regime of the on-site gypsum recovery. The elemental composition of the filter cakes was determined
by ICP-OES (Perkin Elmer, Avio 500) after microwave acid digestion (Berghof, Speedwave Xpert). Additionally,
selected samples were analysed using SEM-EDX and XRD.

Results and discussion
Selected results of laboratory and semi-pilot plant experiments on gypsum precipitation are presented below.

a
Figure 1. Composition of the filter cake from the titration of the model solution with CaCl,: a) near the equivalence
point, b) after complete titration.

The filter cake separated from the model solution near the equivalence point consists mainly of CaF2. The
filter cake produced by the complete reaction of the model solution with CaCl2 represents a mixture of CaF2 and
CaSOa as the main reaction products of Ca?* with the anions present, together with NaCl (from the mother liquor).



The results indicate that, under suitable process conditions, CaClz can be used for the selective separation of CaF2
and CaSOs from the technological water from flue gas desulphurisation.

The selected results of the semi-pilot plant experiments for gypsum recovery from process water from flue
gas desulphurisation in the MSWI plant are presented in Table 1 and Table 2.

Table 1. Results of the XRD analysis of the gypsum recovered from the technological water from flue gas

desulphurisation.
Content (% DM)
Compound Sample  Sample2 Sample3 Sample 4
1
Gypsum (CaS0,.2H,0) 99.5 99.6 99.6 99.7
Calcium fluoride (CaF,) 0.5 0.4 0.4 0.4

Table 2. Comparison of the selected quality parameters of the produced gypsum with the requirements of the
potential customer (gypsum plasterboard production).

Parameter Gypsum Limit Parameter Gypsum  Limit
CaS04.2H,0 (% w/w) >99.0 >95 NaO (% w/w) 0.0075 0.05
CaS0.4.0.5H,0 (% w/w)  <0.1 0.5 MgO (% w/w)  0.00029 0.1

H.0 (% w/w) 7.3 10 K.0 (% w/w)  0.00037 0.05
718 e  laticlesize o5 66 105575

pH (nm)

Cl (% wiw) 0.00094 0.01 Toxicity (-) non-toxic non-toxic

XRD analyses indicate that the produced gypsum has a high gypsum content (>99.5%) and minimal amounts of
CaF2. These results confirm the efficiency and selectivity of the proposed gypsum separation process. The
recovered product meets the requirements of potential customers and can serve as a secondary raw material for
gypsum plasterboard production.

Conclusions and perspectives

This study demonstrates possibilities of gypsum recovery from technological water in MSWI plants using
sodium-based compounds for desulphurisation of flue gases. The experimental results confirm that high-purity
gypsum can be selectively separated using calcium chloride precipitation. Both laboratory and semi-pilot plant
experiments verified that the recovered gypsum meets industrial quality standards, particularly for applications in
construction materials such as gypsum plasterboards.

Key findings highlight the potential of MSWI plants as an alternative source of gypsum, addressing the
supply gap caused by the decline of coal-fired power plants and contributing to waste valorisation and circular
economy principles. However, challenges remain, including process limitations, economic feasibility, and
potential regulatory considerations regarding the use of recovered gypsum in various industries. Therefore, the
environmental properties of the recovered products, along with technological and economic challenges, will be
presented. Future perspectives on the utilisation of this process will be discussed in detail.
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