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Hydrother mal Synthesis of Whitlockite

LI Guo-Chang, WANG Ping, LIU Chang-Bo

( Department of Material Science and Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract: Whitlockite was firstly synthesized by a hydrothermal method using CaO, Mg(NQs), and HsPO, as start-
ing materials and then characterized by X-ray diffraction, scanning electron morphology, thermal analysis, and
X-ray fluorescence. The variation of molar ratio of Mg/(CatMg) in the precursor solution resulted in different
crystallization behaviors of whitlockite during hydrothermal treatment. With the increase of the molar ratio of
Mg/(Ca+Mg), crystal morphologies of products varied from hexagonal plate (about 30-50 um) to spheres (about
3-5 um) and cell parameters of a and c values decreased gradually. Meanwhile, the content of Mg/(Ca+Mg) in the
products increased gradually and reached a high value of 13.6%. It was found that the nucleation and growth of
whitlockite were almost completed within 2 h. Ca;sMg,H»(PO,)14 Was transformed to Ca;sMg,(PO,)1,P,0; after

calcination at temperature ranging from 680°C to 950°C due to the dehydration reaction.

Key words: hydrothermal method; synthetic whitlockite; hexagonal plate-like crystal; microsphere
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Fig.1 XRD patterns of different Mg/(Ca+Mg) samples (180°C,

6 h)
(&) Mgos; (b) Mgoz; (€) Mgos; (d) Mgos; (€) MQos
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Tablel Unit cell parametersof samples

Unit cell parameters
Sample

a/nm c/nm
Mgo.1 1.03705 3.71939
Mgo.2 1.03707 3.71234
Mdos 1.03542 3.71068
Mgo4 1.03431 3.70353
Mgos 1.03412 3.70203
PDF# 70-2064 1.03500 3.70850
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Table2 Chemical constituents of different Mg/(Ca+Mg) samples
Mg, Chemical constituents/wt% Molar ratio
CaO P,0s5 MgO Mgs Mg, /Mgs (Ca+tMg)/P

Mgo.1 53.95 43.85 1.85 0.041 0.41 1.62
Mdo.2 50.95 45.64 3.16 0.076 0.38 1.59
Mo 49.34 46.04 4.21 0.102 0.34 1.51
Mdo.4 48.54 46.34 4.89 0.119 0.30 1.51
Mdos 46.74 46.8 6.03 0.136 0.27 1.49

XtF Mgos Al Mgoa, 724 (CatrMg)/P(EE /K EL)
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Fig. 2 SEM images of different Mg/(Ca+Mg) samples (180°C,

6 h)
(@) Mgo(HA); (b) Mgo.; (€) Mgo2; (d) Mgos; (€) Mgoa; (f) Mgos
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Fig. 3 XRD patterns of samples reacted for different time
(Mgo.3, 180°C)
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Fig. 4 SEM images of samples reacted for different time
(Mgo3, 1807C)
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Fig.5 TG and DTA curves of sample Mg 3

ZEEE, FoKMNEEGRABES G 1131

s

s

z

E
(b)

31.24°
(a)
10 210 310 4IO 510 6IO
20/ (°)

6 RiRerrani XRD Ki

Fig. 6 XRD patterns of the calcined samples

(@) As-prepared sample (CagMgzH2(PO4)14); (b) Calcined at 950°C
(CausMg2(PO4)12P,07), 2 1; (c) Calcined at 1200°C, 2 h (CaysMg2(POs)12P.07)

454 DTA FITG oM, ATLUEH, KEbefli WH 4514
7K, H CagMgoHo(POs)14 $5722°H CaygMay (PO4)12P:07,
IXFPHEAR S 3 WH [ 2157 55(0.85%, K 5)f1i S
koS, TSRS T B RAMRA A, 1Ak,
CaP,O; I, g FiRFEARE 56,

x3 BRHERNEESHE

Table3 Unit cell parameters of calcined samples

Unit cell
parameters
a/nm c/nm

1.03707 3.71234

Calcination

Chemical formula
temperature

As-prepared sample  Ca;gMg,H,(POg)14

950°C CaysMgo(PO,)1,P,0; 1.03472 3.71176
1200°C Ca]_gMgg(PO4)12P207 1.03412 3.71094
4 £hig

K 7K #2: 180°C et & B 1 AT A1 (WH) o
WL I Mgl(CarMg) EE /R L X WH & 7 T 55
Mg ZHemiE K, E%E Mg/(CatMg)BE /K L
(I3, WH T30 H 75 77 HRCIR St AR 28 A 3R S S 44,
i S H a A c (EHSIZHTI /DN, Bl 7K FA B I [A]
EK, WH &R RT3 0, bR, 950°C I
&, B A (CaigMgoHo(POL)14) i 22 Z5 7K, 3548
9 CaygMg2(PO4)12P,07-
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