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30The ready availability and the low cost of oyster shells, which is composed predominantly of calcium car-
31bonate with rare impurities, along with natural wastes are attractive features for converting the biolog-
32ical material into hydroxyapatite (HA) powders for biomedical applications. The HA powder was
33synthesized using oyster shell powders and dicalcium phosphate dihydrate (CaHPO4�2H2O, DCPD)
34through ball milling and subsequently heat treatment. The HA was initiated through sintering the 1-h
35milled sample at 1000 �C for 1 h, while pure HA phase is formed after sintering the 10-h milled sample.
36The as-prepared samples, obtained after 5 or 10 h of milling and then heat-treating at 1000 �C for 1 h,
37contain the phase of b-tricalcium phosphate (b-TCP). Moreover, the result of FTIR analysis showed that
38the as-prepared HA sample is A- and B-type carbonate-containing calcium phosphates. The as-
39synthesize HA powder containing trace elements Mg and Sr exhibited good crystallinity (96.3%) and high
40phase-purity.
41� 2017 Published by Elsevier B.V. on behalf of The Society of Powder Technology Japan. All rights
42reserved.
43

44

45

46 1. Introduction

47 Hydroxyapatite (Ca10(PO4)6(OH)2, HA) is the main inorganic cal-
48 cium phosphate mineral component of human bones and teeth. It
49 has been used extensively for many clinical applications due to its
50 excellent biocompatibility, and good bioactivity and osteoconduc-
51 tivity [1,2]. Much effort has been placed on the synthesis of HA
52 samples via different methods, such as wet chemical methods
53 [3], hydrothermal processes [4], sol-gel synthesis [3], and solid-
54 state reaction [5]. The wet process technique is lengthy, compli-
55 cated and require pH adjustment and control. Therefore, when
56 preparing highly crystalline powders for large-scale production,
57 the dry process is a more suitable way because it shows high repro-
58 ducibility and low processing cost [6].
59 Most of the main Ca sources used in preparing HA were chem-
60 ical agents through wet or dry process. Recently, a number of syn-
61 thesis techniques have been widely developed using bio Ca like fish
62 bone, bovine bone, corals, eggshells, oyster shells, etc. Rocha et al.
63 [7] obtained the transformation of natural aragonite from cuttle-

64fish bone into HA by hydrothermal method. Also, Barakat et al.
65[8] extracted HA from bovine bone using a subcritical water pro-
66cess and alkaline hydrothermal hydrolysis. Xu et al. [9] prepared
67porous coralline hydroxyapatite by a hydrothermal conversion of
68marine coral Porites skeleton. Ho et al. [5] proposed a method of
69producing calcium phosphate bioceramics from eggshell waste;
70they also synthesized nanosized HA through a hydrothermal
71method by using eggshell and fruit peel waste extracts [4]. Wu
72et al. [10] fabricated pure HA or HA + b-tricalcium phosphate (b-
73TCP) through ball milling and subsequently heat treatment using
74oyster shell powders and calcium pyrophosphate (Ca2P2O7) or
75dicalcium phosphate dihydrate (CaHPO4�2H2O, DCPD). Recently,
76Chinese mystery snail shells were recycled as a Ca source to pre-
77pare HA under hydrothermal processing [11].
78Oyster shells are biological wastes, which is mainly composed
79of CaCO3 (96%) and minor amounts of other minerals. Biological
80apatites attract special attention due to the substitutions at the
81OH�, Ca2+, and PO4

3� sites of HA and the presence of several trace
82elements can enhance the overall biological performance of the
83biomaterial [12,13]. In the present investigation, a simple process
84was developed to prepare HA powders or biphasic calcium phos-
85phates through planetary ball milling followed by heat treatment.
86The oyster shell powders were used as the Ca source to be com-
87bined with dicalcium phosphate dihydrate. Powder mixture was
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88 ball milled for 1, 5, and 10 h durations before heat treatment at
89 1000 �C for 1 h. In this study, we present a great potential for the
90 conversion of this oyster shell waste into highly valuable bioce-
91 ramics, using simple and effective approaches.

92 2. Materials and methods

93 Specimens of the Crassostrea gigas were collected from Wang-
94 gong beach, Taiwan. The oyster shell powders and DCPD (Yakuri
95 Chemicals Co., Ltd., Japan) with given stoichiometric proportional-
96 ity (Ca/P = 1.67) were homogeneously mixed with deionized water
97 in a zirconia container. They were then put into a planetary ball
98 milling machine (QM-3SP4J, Nangjing, China) in wet milling for
99 1, 5, or 10 h under air atmosphere. Subsequently, the milled slur-

100 ries were dried in a convection oven at 150 �C for 24 h. These pow-
101 ders were then heated to 1000 �C for 1 h.

102The phase analyses of the powders before and after heat treat-
103ment were carried out by powder X-ray diffraction (XRD; XRD-
1046000, Shimadzu, Japan). Powder morphology and particle size were
105evaluated using a scanning electron microscope (SEM; JSM-6700F,
106JEOL, Japan). The chemical composition of products was performed
107using energy-dispersive X-ray spectroscopy (EDS) coupled with the
108SEM. Fourier transform infrared (FTIR; Bio-Rad, FTS-40, USA) spec-
109troscopy was applied to the study of functional groups present in
110the powdered samples. The weight loss and thermal stability of
111the synthesized powders were also studied to determine the phase
112transition temperature using differential thermal analysis (DTA;
113Q600 SDT, TA Inc., US) from room temperature to 1400 �C at a heat-
114ing rate of 5 �C/min. From the XRD data, the crystallinity (Xc) of the
115HA particles was calculated according to the fraction of crystalline
116phase present in the examined volume [14]. The crystallite sizes of
117the synthesized powders were determined from Scherrer’s formula
118[15].

1193. Results and discussion

1203.1. Characterization of ball-milled powders

121Fig. 1 shows XRD patterns of DCPD and oyster shell powder
122mixtures milled for different durations. After 1 h of grinding, the
123principal diffraction lines correspond to dicalcium phosphate
124anhydrous (DCPA) and CaCO3. DCPD completely decomposed to
125DCPA after ball milling, because increased temperature and vigor-
126ous stirring both forced the DCPD to transform into DCPA [16].
127After 5 h of milling, the intensities of DCPA and CaCO3 decreased
128and the obvious diffraction peaks of b-TCP phase appeared. With
129increasing milling time up to 10 h, HA phase was prepared with
130small amounts of DCPA and CaCO3 from precursors. The content
131of b-TCP decreases with the increasing ball-milling time from 5
132to 10 h, which indicated a gradual replacement of b-TCP by HA.
133Fig. 2 shows the microstructure of the DCPD and oyster shell
134powders milled for 1, 5, and 10 h, indicating remarkable differ-
135ences in size and shape. With an increase in milling time, the par-
136ticle size reduces gradually. The powders milled for 1 and 5 h were

Fig. 1. XRD patterns of the products synthesized from DCPD and oyster shell
powders milled for various durations. (a) 1, (b) 5, and (c) 10 h.

Fig. 2. SEM images of DCPD mixed with oyster shell powders milled for various durations. (a) 1, (b) 5, and (c) 10 h.

2 S.-C. Wu et al. / Advanced Powder Technology xxx (2017) xxx–xxx

APT 1523 No. of Pages 5, Model 5G

13 February 2017

Please cite this article in press as: S.-C. Wu et al., Preparation and characterization of hydroxyapatite synthesized from oyster shell powders, Advanced
Powder Technology (2017), http://dx.doi.org/10.1016/j.apt.2017.02.001

http://dx.doi.org/10.1016/j.apt.2017.02.001


Download	English	Version:

https://daneshyari.com/en/article/4762623

Download	Persian	Version:

https://daneshyari.com/article/4762623

Daneshyari.com

https://daneshyari.com/en/article/4762623
https://daneshyari.com/article/4762623
https://daneshyari.com/

