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Abstract Calcium phosphates recognized as important bio-materials have been successfully synthesized by simple precipitation
using waste abalone shells, which are rich mineral sources of calcium. Calcium hydroxide (Ca(OH),) originated from abalone
shells was used as calcium source (precursor) for the preparation. Synthesis of calcium phosphates was performed by reacting
calcium hydroxide with phosphoric acid (H;PO,) in aqueous solution. The initial precursor Ca/P ratios were adjusted to
1.50, 1.59 and 1.67, and the effect of the composition and the heat treatment on the synthesized powders and sintered bodies
was investigated. The phases of the sintered ceramics prepared at 1150°C were hydroxyapatite (HAp), B-tricalcium phosphate
(B-TCP), and biphasic phosphate (HAp with B-TCP)), which were determined by the initial precursor Ca/P ratios. The results
demonstrate the possibility for the synthesis of high value-added calcium phosphates from economical starting materials
with low cost and high availability.
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Fig. 1. Abalone waste shells used to synthesize the calcium
phosphates in this study.

Table 1
Calcium phosphate compositions derived from abalone shells and
minimum reaction pH values with composition

Sample Reaction composition ?gé?&?gﬁ;l pH
CP-1 0.500 Ca(OH), + 0.330 H;PO, 5.9
CP-2 0.500 Ca(OH), +0.315 H,PO, 6.2
CP-3 0.500 Ca(OH), +0.300 H,PO, 7.7
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Heat treatment at 950 C: CaO
Ca-precursor: CaO + H,0 — Ca(OH),
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| Aging for 24 h |

| Drying
Sintering |
Fig. 2. Process for the preparation of calcium phosphates derived
from abalone waste shells.



Synthesis of calcium phosphates from abalone shells via precipitation 145

HlE dolH ok, st pellet Fel= ¥ 3 5 1150°C
oM 1ARE FeF adste] A=Al sl dohritt
oA aF AAA I 378 Fig. 20 LRI
CaP S= 3 A wo] wet AlzE QudgREs
Algtle] AGAS XA 3AEA7)(X-ray Diffractometer
(XRD, CuKo)E AHSSlel BABIAY, R o
243 Algde] nAl7xRE FAAER 7 (Scanning
Electron Microscope(SEM))yS AR&-3te] st

CaCO; - CaO + CO, )

1%—1 Al Ao CaOE HIZ FFH0l ol 2(2)¢t %
& WSS AH Ca(OH),E Axsle] Qi A9
AT xﬂi AH&SH

CaO + H,0 — Ca(OH), Q)

Figure 3o *2J8}A] ¢&2 A&7t} 500°C2H 950°C
o Ixegt A&zl XRD HAAE YRR
&zl vkeb[7] 2ol HEIZRS aragonite?} calcite
< 7= CaCOE 7=l IS ¢ + AUt o=
7FEE 739 aragonite= calcite 2 Z HI| AL, CaCO,°l
Al COyE E3=R= 900°C o) 719E A9 T calcite
7b #alisted 2 Bl ESR] CaO7t PSS ¢

AEAAE HIES 7452 CaCOSt f7les 3 3tk &8 CaCOLM COyE B HallE 4% 4%
S glo] YIS Bel A7IEH COE FAF F AL o FFut /gEt B ATINE 468%S] T
galloF gt CaCOs FHECRE dhs dizhe Ca o A7t Utk webd HEd72 Cos AlQlshd &
o= &3] S dvkEo® 900°C o ExE] V= T SAEA 2ol el 3% ©lEtE Ca 9E®
3lod CO,E Hallste] CaOZ FAdste] ARS-HTHR(1)). Mol Fae AFS] T2 HoE oAAZIT o]e} Fho]

—_ 950°C
[}
Q.
L
2
@ 500°C
[
‘E o 0 CaCo; - Calcite
— v v v CaCO;- Aragonite
S Y ® Yvo cov Y ° Abalone Shell
(untreated)
10 20 30 40 50 60 70
20 (Deg)
Fig. 3. XRD patterns of the abalone shells heat treated at different temperatures.
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Fig. 4. XRD patterns of reacted CaO powders derived from abalone shell with air and water.
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Fig. 5. XRD patterns of the prepared calcium phosphate powders synthesized from the abalone Ca source and heat treated at different
calcination temperatures: (a) CP-1 (Ca/P = 1.50), (b) CP-2 (Ca/P =1.59), and (c) CP-3 (Ca/P =1.67).
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Fig. 6. SEM micrographs of the prepared calcium phosphate

powders synthesized and dried at 70°C from the abalone Ca

source: (a) CP-1 (Ca/P=1.50), (b) CP-2 (Ca/P=1.59), and
(c) CP-3 (Ca/P =1.67).
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Fig. 7. SEM surface micrographs of the calcium phosphate

ceramics sintered at 1150°C for 1h using the prepared pow-

ders synthesized from the abalone Ca source: (a) CP-1 (B-TCP,

Ca/P =1.50), (b) CP-2 (BCP (HAp/B-TCP), Ca/P =1.59), and
(c) CP-3 (HAp, Ca/P = 1.67).
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ders synthesized from the abalone Ca source: CP-1 (B-TCP, Ca/

P=1.50), CP-2 (BCP (HAp/B-TCP), Ca/P=1.59), and CP-3
(HAp, Ca/P =1.67).
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