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Study for the Geochemical Reaction of Feldspar with Supercritical CO, in the
Brine Aquifer for CO, Sequestration
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The objective of this study is to investigate the geochemical change of feldspar minerals by supercritical CO,,
which exists at CO, sequestration sites. High pressurized cell system (100 bar and 50°C) was designed to create
supercritical CO, in the cell and the surface change and the dissolution of plagioclase and orthoclase were observed
when the mineral surface reacted with supercritical CO, and water (or without water) for 30 days. The polished slab
surface of feldspar was contacted with supercritical CO, and an artificial brine water (pH 8) in the experiments.
The experiments for the reaction of feldspar with only supercritical CO, (without brine water) were also con-
ducted. Results from the first experiment showed that the average roughness value of the plagioclase surface
was 0.118 nm before the reaction, but it considerably increased to 2.493 nm after 30 days. For the orthoclase,
the average roughness increased from 0.246 nm to 1.916 nm, suggesting that the dissolution of feldspar occurs
in active when the feldspars contact with supercritical CO, and brine water at CO, sequestration site. The dis-
solution of Ca?* and Na* from the plagioclase occurred and a certain part of them precipitated inside of the
high pressurized cell as the form of amorphous silicate mineral. For the orthoclase, AP*, K, and Si** were
dissolved in order and the kaolinite was precipitated. In the experiments without water, the change of the aver-
age roughness value and the dissolution of feldspar scarcely occurred, suggesting that the geochemical reac-
tion of feldspars contacted with supercritical CO, at the environment without the brine water is not active.

Key words : CO, sequestration, supercritical CO,, feldspar dissolution, geochemical reaction, brine aquifer
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Table 1. Temperature and pressure conditions applied in the high pressurized cell for CO; phase change experiments

Case number Temperature (°C)

Pressure (bar)

CO, phase calculated theoretically*

1 25 50 Gas
2 25 80 Liquid
3 35 60 Gas
4 35 100 Supercritical fluid
5 30 100 Liquid
6 32 100 Supercritical fluid
*: from Span and Wagner (1996).
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Fig. 1. High pressurized cell (left) and the experiments for supercritical CO, phase (right).
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Table 2. Results of XRF analysis for plagioclase used in the experiments

Plagioclase
Material Name Standard deviation
(1/3) (2/3) (3/3) Average

SiO, 50.96 50.95 51.00 50.97 0.0748
AlLO4 20.59 20.60 20.58 20.59 0.0287
TiO, 0.14 0.15 0.14 0.14 0.0038
Fe,04 6.96 6.97 6.97 6.97 0.1123
MnO 0.12 0.12 0.12 0.12 0.0064
MgO 5.40 5.44 542 5.42 0.0200
Ca0O 11.76 11.77 11.77 11.76 0.0627
Na,O 271 2.70 2.68 2.70 0.0050
K,O 0.34 0.34 0.34 0.34 0.0130
P,Os 0.00 0.00 0.00 0.00 0.0015
LOI 0.57 0.57 0.57 0.57 0.0000
Total 99.55 99.61 99.59 99.58 -
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Table 3. Results of XRF analysis for orthoclase used in the experiments

Orthoclase
Material Name Standard deviation
(1/3) (2/3) (3/3) Average

SiO, 68.94 68.93 68.97 68.95 0.0488
AlLO, 16.20 16.22 16.20 16.20 0.0227
TiO, 0.01 0.01 0.01 0.01 0.0020
Fe,04 0.00 0.09 0.00 0.00 0.0275
MnO 0.01 0.01 0.01 0.01 0.0042
MgO 0.01 0.00 0.00 0.01 0.0017
Ca0 0.11 0.11 0.11 0.11 0.0077
Na,O 1.24 1.20 1.22 1.22 0.0054
K,O 12.32 1232 12.32 12.32 0.0456
P,0s 0.00 0.00 0.00 0.00 0.0042
LOI 0.58 0.58 0.58 0.58 0.0000
Total 99.42 99.48 99.43 99.41 -
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Fig. 2. High pressurized cell for the experiment (a: a orthoclase slab, b: the slab held on the slide glass of the frame and ¢: a

mineral slab fixed in the cell).
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Fig. 4. CO, phases that exist in the high pressurized cell at
different pressure and temperature conditions (6 conditions)
were plotted on the CO, phase diagram (from Span and
Wagner, 1996).

Fig. 3. Images for three phases of CO, existed in the high pressurized cell (a: gas phase CO,, b: liquid phase CO, and c:

supercritical phase CO,).
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Fig. 5. Images of the plagioclase surface before (a) and
after the experiment of supercritical CO,-brine water-
plagioclase reaction (b: 20 days and c: 30 days).
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Fig. 6. Images of the orthoclase surface before (a) and after
the experiment of supercritical CO,-brine water-orthoclase
reaction (b: 20 days and c: 30 days).

0 ||

Fig. 7. Images of the orthoclase surface before (a) and after
the experiment of supercritical CO,-orthoclase reaction (b:
20 days and c: 30 days).
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Fig. 8. The change of average roughness values during the
supercritical CO,-brine water-feldspar reaction (a: plagioclase
surface and b: orthoclase surface) and during the supercritical
CO,-feldspar reaction (c: orthoclase surface).
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Fig. 9. The change of dissolved ions during the supercritical
CO»-brine water-feldspar reaction (a: plagioclase and b:
orthoclase).

Fig. 10. Precipitates created inside the cell after the
supercritical CO,-brine water-feldspar reaction (a: plagioclase
and b: orthoclase).
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Table 4. Resuits of SEM/EDS analysis for precipitates after the experiments

Precipitate from the reaction of plagioclase

Precipitate from the reaction of orthoclase

Element
Atomic % Weight % Atomic % Weight %
O 51.05 34.16 60.31 47.07
Na - - 0.29 0.32
Mg - - 0.22 0.26
Fe 1.61 3.76 - -
Ti 242 485 - -
Al 0.28 0.31 30.81 40.55
Si 35.75 42.00 7.73 10.59
K - - 0.30 0.57
Ca 8.90 14.92 0.14 0.27
Total 100.00 100.00 99.80 99.63
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