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Wollastonite was synthesized using calcium oxide from egg shells and silica from diatomite by being calcined at 800 oC. The
calcium oxide and silica was synthesized in a molar ratio of 1 : 1 using the hydrothermal method at 100, 150, and 200 oC for
24 hours and then calcined at 1,000 oC for 24 hours. The morphology of wollastonite which was characterized by SEM
indicated that the particles were an agglomerate consisting of small particles with sizes less than 1 μm. The FTIR spectra
showed that the carbonate band at 1459 cm-1 was absent from calcination product and that was further confirmed by a
thermogravimetric analysis. The ν(Si(OSi)3O-Ca wollastonite band presented as a band at 930 cm-1. The XRD results clarly
show the structural formation of wollastonite. This method used to synthesize wollastonite is simple and able to function using
cheap starting materials.
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Introduction

Wollastonite or CaSiO3 has been the focus of study
because it has been used in ceramics as a sanitary ware
and also table ware. More recently, wollastonite has
been used in electrical applications as a high voltage
insulator [1]. Nowadays, researchers have worked to
improve the properties of wollastonite as a material for
bioceramics and biomaterials such as artificial bond [2],
antibacterial growth [3], and as a platform for the
regeneration of hard tissue [4]. The conventional synthesis
of wollatonite done through a solid-state reaction since
this is a simple method to produce this material for
industrial applications especially ceramics. However, long
reaction times and calcination at high temperatures are
required for this method and the resulting wollastonite
products tend to have large grain sizes [5]. The
microwave synthesis of wallastonite has also been
reported although high purity starting materials are
required to prepare nano size samples of wollastonite
[6]. The hydrothermal method can use low temperatures
with high pressure and can yield high purity nano sized
wollastonite [7]. Intermediate phases can be limited to
reduced the duration of the synthesis experiment [8].

The conventional starting materials used to synthesize
crystalline wollastonite are calcium oxide and silica.
The normal sources of calcium oxide are Ca(NO3)2

[5, 7], CaO [9], and egg shells [10]. The sources of
silica are commercial silica [11], tetraethylorthosilica
[12] and Na2SiO3 [5]. Since some of these starting
chemicals are expensive we examined the use of egg
shells to replace other sources of calcium oxide. Egg
shells can be found as waste products from restaurants
and fresh markets in the Chiang Mai province,
Thailand since egg is a popular food with high protein
and low cost. The chemical composition of eggshell is
calcium carbonate (94%), magnesium carbonate (1%),
calcium phosphate (1%), and organic matter (4%) by
weight [13]. Also, diatomite is naturally abundant in
the Lampang basin and contains highly levels of silica.
The purpose of this work was to synthesize wollastonite
from calcium oxide and silica obtained from egg shell
and diatomite, respectively under hydrothermal conditions
at different temperatures (100, 150, and 200 oC) and
testing the effect calcination on the SEM morphology
(particle shape and dimension) and FTIR spectroscopy.
The synthesized wollatonite samples were characterized
by Fourier transform infrared spectroscopy (FTIR), scanning
electron microscopy (SEM), and X-ray diffraction (XRD).
The main advantage of synthesizing wollastonite using
this methodology is that it is a simple method which
uses cheap starting materials. One additional benefit of
this wollastonite product is that it yields nanosize
scaled products.

Experimental

The waste egg shells collected from restaurants were
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rinsed with tap water several times and then dried in
air. The dried egg shells were then crushed and
calcined in the muffle furnace at 800 oC for 2 hrs. The
silica extraction was modified from Kalapathy’s work
[14]. Diatomite (68% wt% SiO2) was dissolved using 1
M NaOH in a ratio of 1 : 6 weight by volume and
filtered with adjusted pH equal to 8 by 1M HCl. The
gel product was washed with hot water, filtered, and
dried at 80 oC until a silica powder was obtained.

CaO and SiO2 at a molar ratio of 1 : 1 was synthesized
by the hydrothermal method at 100, 150, and 200 oC for
24 hrs and calcined at 1,000 oC for 24 hr.

The morphology of the synthesized products was
investigated using a scanning electron microscope (JSM-
5410LV, JEOL, Japan). The formation of wollastonite was
analyzed by Fourier transform infrared spectroscopy
(Spectrum RXI, Perkin Elmer, United State), and X-
ray diffractometry (X’Pert, Philips, England). The
thermogravimetry analysis was performed by STA 409
EP (NETZSCH, Germany). The samples were prepared at
a heating rate of 10 oC/min under air atmosphere.

Results and Discussion

The morphology of the wollastonite prepared by CaO
from eggshell and SiO2 from diatomite using the
hydrothermal method with and without calcination at
800 oC is shown in Fig. 1 and Fig. 2, respectively. The
SEM results indicate that the particles of wollastonite
agglomerated into small particles sized more than 1 μm
when they were not calcined. In contrast, they had a
clear shape when calcined with the size of 0.3 μm
(width) × 2 μm (length) obtained under hydrothermal
method at 100 oC (Fig. 2(a)). The size of the particle

increases as the temperature of reaction increased to 150
and 200 oC (Fig. 2(b) and 2(c)). At high temperatures,
the shape more clearly resembled a size of 1 μm (width)
× 2-4 μm (length). The size of wollastonite produced in
this work after being calcinated at high temperature, was
found to be smaller than wollastonite prepared using
microwave and sintered at 1,100 oC for 2 hr [11].
However, this size was larger than the wollastonite
prepared using the sol-gel process and calcined at
1000 oC for 1 hr [15]. It should be noted that the different
methods to synthesize wollastonite provide different
product sizes. The needle-like morphology of commercial
wollastonite with a size of ~ 10-15 μm (width) is
demonstrated in Fig. 3. The synthetically produced
wollatonite has a distinctly different morphology from
commercial wollastonite.

The FTIR spectrum of calcium oxide from egg shell
in Fig. 4(a) exhibited a band at 1410-1490 and 875 cm-1

assigned to the CO3

2- including the band at 1630 cm-1

and a weak band at 750 cm-1 assigned to CaO [16].
This indicates that the carbonate existed in the CaO

Fig. 1. SEM of wollastonite at (a) 100 (b) 150 and (c) 200 oC.

Fig. 2. SEM of wollastonite at (a) 100 (b) 150 and (c) 200 oC with
calcination.

Fig. 3. SEM of commercial wollastonite.
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product without calcination. The FTIR spectrum of
silica from diatomite in Fig. 4(b) showed similar results
to Kalapathy’s report [14]. The broad band between
3400 and 3570 cm-1 corresponds to silinol OH groups
and adsorbed water on the surface of the silica. The

predominant band at 1300-1200 cm-1 was that of a
siloxane bond (Si–O–Si). The bands between 803 and
468 cm-1 were vibrational modes of the gel network.
Fig. 5 and Fig. 6 show the FTIR spectra of wollastonite
using the hydrothermal method at 100, 150 and 200 oC
with and without calcination at 1,000 oC for 2 hr,
respectively. After calination, the bands between the
3,400 and the 3,570 cm-1 silinol OH groups including
1,631-1,638 and 875 cm-1 which were due to CaO
disappeared. Also the bands at 1,440-1,450 cm-1 assigned
to carbonate disappeared. The broad band at 960-
969 cm-1 in Fig. 5 split to ~ 1,010 and 870 cm-1 in Fig. 6
and was assigned to the characteristic peaks of the
amorphous SiO2 [v(Si–O–Si)] and Si–O-Ca, respectively
[10, 17]. The FTIR spectra showed the occurrence of
wollastonite and provided a similar FTIR pattern to
that of natural wollastonite [18].

The result of the thermal analysis and differential
thermal analysis of wollastonite at 100, 150, and
200 oC with calcination are shown in Table 1 and 2,
respectively. The temperature range 100 oC to 1,200 oC

Fig. 4. FTIR spectra of (a) calcium oxide from egg shell and (b)
silica from diatomite.

Fig. 5. FTIR spectra of wollastonite at (a) 100 (b) 150 and (c)
200 oC.

Fig. 6. FTIR spectra of wollastonite at (a) 100 (b) 150 and (c)
200 oC with calcination.

Table 1. The thermal analysis of wollastonite at 100, 150, and 200 oC with calcination.

Wollastonite at 100 oC Wollastonite at 150 oC Wollastonite at 150 oC

Temperature range (oC) % Weight loss Temperature range (oC) % Weight loss Temperature range (oC) % Weight loss

081.5 - 436.2 0.6 070.5 - 429.1 0.2 064.6 - 426.3 0.6

436.2 - 494.2 1.1 429.1 - 492.2 1.7 426.3 - 490.7 2.6

494.2 - 651.4 0.6 492.2 - 734.5 0.9 490.7 - 664.1 0.6

651.4 - 730.7 1.3 0 734.5 - 1,205.3 0.4 664.1 - 738.6 1.5

0 730.7 - 1,205.3 0.9 - - 0 738.6 - 1,205.3 0.7

Total % weight loss 3.9 Total % weight loss 3.1 Total % weight loss 5.6

Table 2. The differential thermal analysis of wollastonite at 100, 150, and 200 oC with calcination.

Wollastonite at 100 oC Wollastonite at 150 oC Wollastonite at 150 oC

Type
of reaction

Temperature
of reaction (°C)

Type
of reaction

Temperature
of reaction (°C)

Type
of reaction

Temperature
of reaction (°C)

endothermic
489.3

endothermic
488.6

endothermic
480.9

724.0 722.6 728.2
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shows a slight weight loss. The total weight loss of
wollastonite up to 1200 oC was 3.9, 3.1 and 5.1 at 100,
150, and 200 oC, respectively in Table 1. The differential
thermal analysis at 480 oC displayed an endothermic
reaction due to the water and some organic compounds
which were removed. At 730 oC there was an endothermic
reaction due to decomposition of CaCO3 in Table 2. [11]
This corresponded to the FTIR results with the bands of
carbonate which disappeared after calcination.

Fig. 7 shows the X-ray diffraction of wollastonite
prepared using the hydrothermal method at 100, 150,
and 200 oC and being calcined at 1,000 oC for 2 hr. The
XRD peaks pattern of wollastonite were characterized
as wollastonite (JCPDS no. 01-073-1110) with mixed
phases of β-CaSiO3 and α-CaSiO3 [11]. Vichuphun et

al. [11] synthesized wollastonite from egg shell powder
and commercial silica (98%) using a microwave
assisted solid-state reaction. The XRD pattern of
wollastonite sintered at 1,100 oC for 10 min in a
microwave furnace generated α-CaSiO3. This result was
compared to the XRD patterns of wollastonite sintered at
1,100 oC for 10 min and 1,250 oC for 1 hr in
conventional furnace which yielded β-CaSiO3 and α-
CaSiO3, respectively. Tongboriboon et al. [10] synthesized
calcium silicate with calcium oxide from egg shells and
fume silica using the sol-gel method sintered at 900 oC.
These XRD results yielded a small amount of wollastonite
(Ca3Si3O9; JCPDS no. 01-073-1110) and suolunite
(orthorhombic, Ca(SiO3)(H2O); JCPDS no. 01-089-
7639). The XRD patterns of calcium silicate sintered at
1,000 and 1,200 oC are β-CaSiO3 and α-CaSiO3,
respectively. This indicates that the calcination of
wollastonite at higher than 900 oC might lead to higher
yields of β-CaSiO3 and/or α-CaSiO3. The purity of
silica could also affect the mixed phase of wollastonite.

Conclusions

Wollastonite can be synthesized using calcium oxide

from eggshells and silica from diatomite from the
hydrothermal method with and without calcination.
The temperature and calcination levels influence the
particle size and FTIR results of wollastonite. The
hydrothermal method at 100 oC with calcination provides
the size of wollastonite less than 1 μm. The silinol OH
group, carbonate and calcium oxide bands disappeared
after calcination. This method used to synthesize
wollastonite is simple and has the addition benefit of
using cheap starting materials.
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