
Curing by Carbonation of Wollastonite

K. Svensson, A. Neumann, H. Pöllmann, F. Menezes, Ch. Lempp

University of Halle, Faculty for Applied Geosciences and Geography, 
Mineralogy/Geochemistry, 06120 Halle, Germany

Results

References

The reaction which describes the formation of wollastonite during metamorphism is reversed /1/.
The carbonation of wollastonite is extremely slow at temperatures below several hundred °C in
absence of water /3/. Microstructure aspects of the carbonation were investigated by Villani et al.
/4/. He described the carbonation of wollastonite and the structural changes in the grains.
Wollastonite reacts in the presence of H2O and CO2 to calcite and amorphous silicon oxide:

CaSiO3 + CO2 CaCO3 + SiO2

At 333 K and ambient pressure the CS reaction is fast (several hours up to one day) /3/.

The reaction rate of the carbonation depends strongly on the temperature. At higher temperatures the
reaction rate is significantly higher. The p, T conditions in the steel reactor were not suitable for the
formation of aragonite, therefore the small content of aragonite in the raw material functioned as a
seed crystal for further aragonite growth. In addition a dependence of the carbonation reaction to the
applied pressure in the steel reactor was investigated. At low pressure (0.2 MPa) the decrease of
wollastonite was slower and no further formed additional aragonite was observed.
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Method
For the experiments steel reactors with Teflon liners (Büchi AG) were used. The used raw material
(CaSiO3, Calcium silicate, meta, Reagent Grade) was supplied from Alfa Aeser. To determine the
composition of the raw material powder X-ray diffraction (PXRD) was applied. The applied pressure
ranged from 0.2 MPa to 2 MPa. It was adjusted with an ISCO-pump (Teledyne ISCO, Model 500D
Syring pump). As starting conditions 1 g sample material was mixed with 5 ml H2O in the steel
reactor. 20 mL CO2 (2 MPa) were pumped into the steel reactor. For the first experiments the calcium
carbonate was removed from the raw material treating it with hydrochloric acid (10%). Alternatively
untreated raw material was also applied.
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Untreated wollastonite at different pressures at 333 K
and aqueous conditions.

Carbonation of untreated wollastonite at 333 K and aqueous conditions.

Carbonation of treated (with 10% HCl) wollastonite at 333 K and aqueous 
conditions.

PXRD-Diagrams of treated (with 10% HCl) wollastonite at
296 K, 323 K and 333 K after 24 hours reaction time. The
black arrow marks a significant peak of wollastonite and
the magenta arrow marks the main peak of.

PXRD-Diagrams of untreated wollastonite at 296 K, 323 K
and 333 K after 24 hours reaction time. The black arrow
marks a significant peak of wollastonite, the magenta arrow
marks the main peak of calcite and the green arrow marks
the main peak of aragonite.

SE micrograph of a carbonated wollastonite grain.

The sealing of deep geologic formations being considered for CCS must be sustainable. Therefore
the choice of a cement, used for sealing, is critical. The material has to resist extreme conditions at
the point of injection considering pressure (16 MPa), temperature (333 K), pH, and the composition of
aggressive fluids (chloride rich brines, supercritical CO2 contaminated with NO2 and SO2). The high
amount of CO2 will have a considerable impact on cement properties. Therefore the use of a cement,
based on wollastonite curing in the presence of CO2, seems very promising. The interaction of
wollastonite (CS) and CO2 ( ) /1/ was investigated within the joint BMWi (German Federal Ministry for
Economic Affairs and Energy) research project CLUSTER /2/.

To investigate the degree of carbonation, dependence on pressure (p) and temperature (T),
decrease of wollastonite, increase of calcium carbonate and increase of the amorphous phase
must be determinated. Therefore different approaches were applied to quantify educts and
products: the Rietveld method /5/, partial least square regression (PLSR) /6/, differential
scanning calorimetry with thermogravimetry (DSC-TG; Netzsch) coupled with infrared
spectrometry (IR; Bruker) and mass spectrometry (MS; Netzsch). Furthermore the products
were investigated by scanning electron microscope / energy dispersive X-ray spectroscopy
(SEM/EDX) and 3d Microscopy (Keyence VHX 5000).
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