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Abstract This study was conducted to obtain the appropriate calcium extraction condition for the
production of PCC using oyster shells. Different extractants were used to examine the effect from the
ratio of oyster shell powder to extractant (the solid-to-liquid ratio), from the particle size of the oyster
shell powders, from the extraction time, and from the concentration of the extractant. The extracted
filtrate in which the oyster shell powders were dissolved removed impurities through pH adjustments,
and increased the purity of the calcium ions. Characterization of the powders and precipitates before
and after the extraction process was carried out through XRD, XRF, and TGA-DSC, and the calcium ion
concentration in the extraction filtrate was measured using a calcium electrode and ICP. According to
XRD analyses, the oyster shell powders used in the experiment showed aragonite crystals, heat-treated
powders at 400 T were partially transformed into calcite, and all the oyster shell powders were
transformed into calcium oxide at 900 €. As a result of reviewing the extraction conditions, the
appropriate extractants were acetic acid, hydrochloric acid, etc., the concentration of the extractant was
1M, the particle size of the powders was 200 um or less, the solid-to-liquid ratio was 50 g/L, and the
extraction time was 30 minutes. During the pH adjustment process, when hydrochloric acid was used
as the extractant, a small amount of impurities (iron oxide) was found to precipitate. When acetic acid
was used, impurities were not observed, and calcium extraction efficiency was 90% compared to
hydrochloric acid. Considering the extraction efficiency and removal of impurities, we suggest using
acetic acid as an extractant.
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Fig. 2. TGA-DSC analysis results for the oyster
shell powders.
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Table 1. XRF analysis result for the oyster shell powder from Tongyeong-city.

[%] Ca Si Na Al Fe Cl Sr K S P
Oyster
shell 94.57 1.71 0.93 0.79 0.62 0.51 0.36 0.28 0.18 0.05
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Fig. 3. XRD patterns of the oyster
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Fig. 4. Calcium ion intensity according to (a) solid-liquid ratio (~ 200 m, 30 min) (b) particle size of oyster
shell (50 g/L, 30 min) and (c) extraction time (50 g/L, ~ 200 m).
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Table 2. The amount of residue after extraction according
to the extractants and concentrations.
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chloride
Acetic 421 | 238 | 060 | o046 | 028
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Fig. 5. XRD patterns of residue after extraction
according to the extractant.:
(a) raw material, (b) ammonium chloride,
(c) acetic acid, (d) hydrochloric acid,
(e) phosphoric acid and (f) oxalic acid
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Table 3. XRF analysis results for the residue after
extraction according to the extractants.

[%] Ca Si etc.
Ammonium chloride 94.83 1.97 3.2
Acetic acid 50.87 24.40 24.73
Hydrochloric acid 4.32 53.11 42.57
Oxalic acid 96.54 1.63 1.83
Phosphoric acid 4.19 53.84 41.97
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Table 4. ICP results for the leachate after extraction
according to the extractants.

[ppm] Concentration of Ca ion
Ammonium chloride 330
Acetic acid 15,000
Hydrochloric acid 17,000
Oxalic acid 14
Phosphoric acid 16,000
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Nano-material synthesis, Heterogeneous catalysis,

Green chemistry, Upcycling



