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Preparation of calcium phosphates by hydrothermal synthesis route
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Abstract Calcium phosphates such as hydroxyapatite (HAp), tricalcium phosphate (B-TCP), and biphasic calcium phosphate
(BCP, HAp/B-TCP) have been prepared via hydrothermal treatment. The synthesis was conducted by reacting (Ca(OH),)
aqueous solution with phosphoric acid (H;PO,) under different hydrothermal synthesis conditions (temperatures up to 150°C
and pH lower than 12). The effects of initial precursor Ca/P ratio (1.30, 1.50 and 1.67) and post heat treatment on the
phase evolution behavior of the powders and sintered ceramics were investigated. The phases of resulting powders and
sintered ceramics were controllable by adjusting the initial Ca/P ratio. A single HAp phase without any noticeable second
phase was obtained for the initial Ca/P ratio of 1.67 in the overall heat treatment range. Pure B-TCP and biphasic calcium
phosphate (HAp/B-TCP) were synthesized from precursor solutions having Ca/P molar ratios of 1.30 and 1.50, respectively,
after having been heat treated at 900°C or higher. Dense ceramics with translucency were obtained at considerably lower
sintering temperatures.
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Experimental
parameters

Experimental
condition

(@ Reaction pH <12

(2 Reaction

. 1h
time
i (3 Reacti
(3 Reaction 100°C
temperature
@ Heating ratio  1°C/min

® Drying at 60°C for 12 h

® Sintering at 1100°C for 2 h

Fig. 1. Hydrothermal process adopted in this study.
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Fig. 2. XRD patterns of the precipitated calcium phosphate
powders (Ca/P=1.67), without hydrothermal treatment, heat
treated at different temperatures.
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Fig. 3. XRD patterns of hydrothermally prepared calcium phos-

phates with different precursor Ca/P ratios (a) Ca/P=1.30,

(b) Ca/P=1.50, and (c) Ca/P=1.67, heat treated at different
temperatures.
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Table 1
pH value changes for the reacted solutions after NaOH addition
and hydrothermal treatment

pH changes

Samples Before NaOH After NaOH After hydrothermal
addition addition treatment

Ca/P=1.67 113 11.9 11.1

Ca/P=1.50 10.0 11.1 10.5

Ca/P=130 4.9 7.5 7.1

Ca/P=1.50
Ca/P=1.67 Ca/P=1.30

Fig. 4. The translucency example for the sintered specimens at

1100°C for 2 h using the prepared calcium phosphates powders

(TCP from Ca/P=1.30, HA(HAp)/TCP from Ca/P=1.50 and
HA(HAp) from Ca/P =1.67).
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Fig. 5. SEM micrographs of the prepared ceramics sintered at 1100°C for 2 h using the prepared powders from the different precursor
Ca/P ratios: (a) B-TCP (Ca/P = 1.30), (b) HAp/B-TCP (Ca/P = 1.50), and (c) HAp (Ca/P = 1.67).



Preparation of calcium phosphates by hydrothermal synthesis route 207

a/P H]&o] 1.30, 1.50 2 1.672) &5 A}
HE Bl kg it 9 AEAE
Xi]J_O} ‘:]' Z9EE calcium hydroxide(Ca(OH),)2}
phosphoric acid(H,PO,)E AME3IGAL, TEH/del &3}
A2 NaOHE ARESIITE. FEFES AAA KoL
E AZF Qb EEe ﬂ:r%]_ AREEte] AT T
Feow dAE siHzie dshe S 471 ofEisith
TEPIH o EE H WA Xi%" 100°CollA 1X17F &
ot A sl ¥ =& ‘/]'—-—317] s 8

k.,

B-TCP)E ¥& &
24 el 2ol 7}

713t Wt Ca/P =1.652] 7 }% Aol 238 gl
°] HApe| 247wt —?0}7(]741/} Ca/ P=15 2 139
739 B-TCP “¥o] 900°C oldellx eiros SAE <)
o} mAEl vheA] o Rule] Exow njyz AL

o] 1100 C°ﬂ7\1 A o] 6‘]— A—]]a].m o xﬂzal— 3l
Atk
HAR| 2

o] =2 20179% Hr|EHHEAITe] AR
AT AL AT LA ] AP o} e
A9 (No. 2017M2B2A9073125).

References

[ 1] N. Eliaz and N. Metoki, “Calcium phosphate bioceram-
ics: A review of their history, structure, properties, coat-
ing technologies and biomedical applications”, Mater.
10 (2017) 334.

[2] W. Habraken, P. Habibovic, M. Epple and M. Bohner,
“Calcium phosphates in biomedical applications: materi-
als for the future?”, Mater. Today 19 (2016) 69.

[3] A. Dudek and L. Adamczyk, “Properties of hydroxyapa-
tite layers used for implant coating”, Optica Aplicata. 13

(2013) 143.

[4] C. Wu and Y. Xiao, “Evaluation of the in vitro bioactiv-
ity of bioceramics”, Bone Tissue Regen. Insights 2
(2009) 25.

[ 5] J. Marchi, P. Greil, J.C. Bressiani, A. Bressiani and F.
Muller, “Influence of synthesis conditions on the charac-
teristics of biphasic calcium phosphate powders”, Appl.
Ceram. Technol. 6 (2009) 60.

[6] S. Kannan and J.M.F. Ferreira, “Synthesis and thermal
stability of hydroxyapatite-f-tricalcium phosphate com-
posites with cosubstituted sodium, magnesium, and fluo-
rine”, Chem. Mater. 18 (2006) 198.

[7] E.C. Victoria and F.D. Gnanam, “Synthesis and charac-
terization of biphasic calcium phosphate”, Trends Bio-
mater. Artif. Organs 16 (2002) 12.

[ 8] D.M.B. Wolff, E.G. Ramalhol and W. Acchar, “Phase
transition behaviour of tricalcium phosphate (TCP) doped
with MgO and TiO, as additives”, Mater, Sci. Forum
530-531 (2006) 581.

[9] R.G. Carrodeguas and S.De Aza, “a-Tricalcium phos-
phate: synthesis, properties and biomedical applications”,
Acta Biomater. 7 (2011) 3536.

[10] J.S. Earl, D.J. Wood and S.J. Milne, “Hydrothermal syn-
thesis of hydroxyapatite”, J. Phys.: Confer. Series 26
(2006) 268.

[11] O.R. Bingol and C. Durucan, “Hydrothermal synthesis
of hydroxyl-apatite from calcium sulfate hemihydrate”,
Am. J. Biomed. Sci. 4 (2012) 50.

[12] H.S. Liu, T.S. Chin, L.S. Lai, S.Y. Chiu, K.H. Chung,
C.S. Chang and M.T. Lui, “Hydroxyapatite synthesized
by a simplified hydrothermal method”, Ceram. Inter. 23
(1997) 19.

[13] J.H. Koo, J.S. Yang, S.J. Cho and B.W. Lee, “Synthesis
of zinc oxide nanoparticles via aqueous solution routes”,
J. Korea Cryst. Growth. Cryst. Technol. 26 (2016) 175.

[14] O. Mekmene, S. Quillard, T. Rouillon, J.M. Bouler, M.
Piot and F. Gaucheron, “Effects of pH and Ca/P molar
ratio on the quantity and crystalline structure of calcium
phosphates obtained from aqueous solutions”, Dairy Sci.
Technol. 89 (2009) 301.

[15] A.K. Nayak, “Hydroxyapatite synthesis methodologies:
An overview”, Inter. J. Chem. Tech. Res. 2 (2010) 903.

[16] D.S. Gouveia, A.H.A. Bressiani and J.C. Bressiani,
“Phosphoric acid rate addition effect in the hydroxyapa-
tite synthesis by neutralization method”, Mater. Sci.
Forum 530-531 (2006) 593.

[17] S. Ramesh, K.L. Aw, R. Tolouei, M. Amiriyan, C.Y. Tan,
M. Hamdi, J. Purbolaksono, A. Hassan and W.D. Teng,
“Sintering properties of hydroxyapatite powders pre-
pared using different methods”, Ceram. Int. 39 (2013)
111.



