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Carbonation Mechanism of Hydrated Cement Paste by
Supercritical Carbon Dioxide
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Abstract

Recently, needs for utilization of recycled aggregate have been increasing. However, its utilization has been limited
due to its high alkalinity, which mostly came from the unremoved cement paste particles that were attached at the
surface of recycled aggregate. Various efforts has been made to reduce its alkalinity by using CO», but currently
available methods that uses CO; generate the problem with pH recovery. Considering the fact that supercritical CO
(scCOy) can provide more rapid carbonation of cement paste than by normal COs, scCO. was utilized in this work. The
reaction between scCO; and hydrated cement paste has been systematically evaluated. According to the results, it was
found that powder type showed higher carbonation compared to that of cube specimens. It seems the carbonation by
scCO: has occurred only at the surface of the specimen, and therefore still showed some amount of Ca(OH); calcium
aluminates after reaction with scCQO.. With powder type specimen, all Ca(OH). was converted into CaCQOs. Moreover,
additional calcium that came from both calcium aluminate hydrates and calcium silicate hydrates reacted with scCOg
to form CaCOs. After carbonation with scCO», the powder type specimen did not show pH recovery, but cube

specimens did show due to the presence of portlandite.
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Figure 1. Pressure-temperature diagrams for carbon dioxide
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Table 1. Characteristics of cement paste specimens

Size Curing time

Specimen (mm) (day) w/C pH

Type of powder <1.18mm
380 0.4 =125
Type of 10mm 9.52~12.7mm
Table 2. Chemical compositions of OPC
) Chemical composition (wt.%)

Specim

" ca0 S0, AO; SO; MgO FeOs KO TiO;
Cement 6342 1948 469 408 311 304 132 038

(b) 10mm specimen

(a) Powder specimen

Figure 2. Photographic images of cement paste specimens
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Figure 3. Reaction setup of cement paste and supercritical
carbon dioxide (scCO,)

Table 3. scCO; reaction details of cement paste specimens

Mass of Distilled  Injection Pressure Reaction
Specimen (g) water (g)  of CO, (bar) Temp. (C)  Time (hr)
35 70 100 50 24
10 20 100 50 24
10 20 200 80 24
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Po : Portlandite

CSH : C-S-H

Mo : Mono Carbonate
He : Hemi Carbonate
Et : Ettringite

Po
Po

CSH

Po
Et Et

X-Ray Intensity (a.u.)

o Popg

10 15 20 25 30 35 40 45 50 55 60 65 70

5
Diffraction angle (20)

Figure 4. XRD patterns of cement paste specimen without
scCO; treatment
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Po : Portlandite
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Figure 5. XRD patterns of cement paste specimen with
scCO; treatment
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Figure 6. TG/DTA Graph of cement paste without scCO;
treatment
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Table 4. The amount of calcium hydroxide and carbonate after
reaction with scCO;

Type Trealmem Amount of Ca(OH)2  Amount of CaCOs
condition (%) (%)
Without scCO. treatment 12.25 443
35g-50"C-100bar 5.81 29.83
Powder 10g-50C-100bar - 4759
10g-80C—200bar - 49.09
35g-50C-100bar 11.39 11.14
10mm  10g-50C—-100bar 1391 18.84
10g-80C—200bar 891 18.18
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Figure 7. TG/DTA Graphs of powder type cement paste with
scCO; treatment
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