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Abstract : Industrial use of waste oyster shells is limited because of requiring excessive energy for converting natural oyster
shells in the form of calcium carbonate (CaCOs) into calcium oxide (CaO) for this purpose. This study aimed to develop
energy-saving process for producing solidifying agent using waste oyster shells for backfill materials. It was suggested that
oyster shells were converted to calcium sulfates which were mixed with sodium hydroxide solution and red clay, forming solid
specimen. The optimal concentrations of sulfuric acid for sulfation of oyster shell and sodium hydroxide to generate calcium
hydroxide (Ca(OH),), were determined. Unconfined compressive strength of solid specimen increased with increasing the
content of solidifying agent while it increased also with increasing ratio of natural oyster shells to coal ash. The result clearly
demonstrates that solidifying agent consisting of sulfuric acid-treated oyster shell, coal ash, and sodium hydroxide solution, can
be effectively utilized for preparing backfill materials using natural oyster shell and coal ash. Sulfuric acid-treated oyster
shell-based solidifying agent has not been previously developed and will contribute to broaden industrial application of waste
oyster shells.
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Figure 1. Schematic diagram for preparing solidifying agent using oyster shell and red clay.
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Figure 2. Photos illustrating the (a) curing of test samples and (b) solid specimen after curing. All samples were kept in cold water (ca. 0 C)

in curing stage.
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Figure 3. XRD spectrum and EDX analysis data of (a) coal ash and (b) red clay.



Table 1. Result of XRF analysis on oyster shells treated with
different concentrations of sulfuric acid
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Table 2. Unconfined compressive strengths of solid specimens
consisting of CaSO, or sulfuric acid treated-oyster shells,

H,S0; concentration (N) coal ash, and NaOH solution with different concentration

H2S0, treatment _ 1 5 10 "Sulfuric Coal NaOH “Relative

Sample — Control #1 #2 #3 “Sample CaSO, | acid treated ash solution unconﬁged
o) | oyster shells Conc. compressive
(Wt%) ter shell (Wt%) .

Elements (%) | (Wt%) ° N) wt% strength
CaO 75.7 72.9 62.1 455 1 31 _ 31 1 38 Aok
Na,O 13.3 78 _ _ 2 31 - 31 10 38 seokoskok sk sk ok ok ok
SiO, 3.1 2.7 2.4 23 3 - 31 31 1 38 *
MgO 2.5 3.1 - 6.2 R

£ 4 - 31 31 | 10 |38 | prnnn
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% The diameter and surface areas of samples are 5 cm and 19. 6 cm’,
respectively.

R Opyster shells were sulfated with 10 N of H,SOs.

9 Relative values were used to compare the unconfined compressive
strength. The unconfined compressive strengths are greater for the
samples with more stars.
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Table 3. Unconfined compressive strengths of solid specimens
containing oyster shells treated with different concen-
tration of sulfuric acid

5 Sulfuric NaQH 9Relative
N H.80, acid treated Coal | solution unconfined
Sample) - conc. oyster shells ash C compressive
o onc.
(N) (Wt%) (Wt A]) (N) wt% strength
1 1 31 31 1| 38 *
5 5 31 31 1 |38 o
3 10 31 3] 1 38 Hokokk
steoskeoskeoskoske sk sk skoskok
5 5 31 31 10 38 seokoskokosk ko
p 10 31 31 10 38 | ermmsskkk

% The diameter and surface areas of samples are 5 cm and 19. 6 cm’,
respectively.

® The concentrations of sulfuric acid for sulfation of oyster shells.

9 Relative values were used to compare the unconfined compressive
strength. The unconfined compressive strengths are greater for the
samples with more stars.

N AP EE g9l S3E2 e FA4° FAA 4%
OF&7 w7} Al =9ttt Equation (1)~ (4)9} A3 dlo]g| 24

Table 4. Effect of NaOH concentration on unconfined compressive
strength of solid specimens

"Sulfuric Coal NaOH “Relative
a) acid treated solution unconfined
Sample ash .
oyster shell (Wi%) Conc. . compressive
(Wt%) o ™) Wt strength
4 31 31 20 38 seofekfokofokok

* The diameter and surface areas of samples are 5 cm and 19. 6 cm’,
respectively.

b Opyster shells were sulfated with 5 N of H,SOs.

° Relative values were used to compare the unconfined compressive
strength. The unconfined compressive strengths are greater for the
samples with more stars.
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Table 5. The effect of blending ratio of oyster shells and coal ash
(or red clay) on the unconfined compressive strengths of
solid specimens

Sulfuric Coal I5N Unconfined
a) acid treated Clay | NaOH | compressive
Sample ash .
oyster shells (Wi%) (wt%) | solution strength
(Wt%) ’ (wt%) | (kgrem®)
1 15 47 - 38 1.5+0.5
2 31 31 - 38 9.3+£0.5
3 47 15 - 38 13.0+1.2
4 47 - 15 38 533+1.3
5 47 7.5 7.5 38 123+2.7

* The diameter and surface areas of samples are 5 cm and 19. 6 cm’,
respectively.
R Oyster shells were sulfated with 5 N of H,SOs.



Table 6. The effect of blending ratio of solidifying agent, oyster
shells, coal ash, and 15 N NaOH solution on unconfined
compressive strength

b)Solidify- Opyster shells | Coal ISN Unconﬁqed

a)Sample ing agent | (CaCO3) ash s?li(t)i?n co;ntrlz r;stslllve
(Wt%) s | %) P e i 3
1 15.6 11.8 351 | 375 | 39+0.1
2 15.6 23.4 234 | 375 | 44=£0.6
3 15.6 35.1 11.8 | 375 | 9.6+1.0
4 31.2 7.8 234 | 375 | 79=+2.1

5 31.2 15.6 156 | 375 |17.6+£10.7
6 312 23.4 7.8 375 | 203+64
7 46.9 39 11.8 | 37.5 | 23.8+3.1
8 46.9 7.8 7.8 375 | 243+23
9 46.9 11.8 39 375 | 273+14

* The diameter and surface areas of samples are 5 cm and 19. 6 cm’,
respectively.

®) Solidifying agent composed of 5 N sulfuric acid-treated oyster
shell (75 wt%) and clay (25 wt%).
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