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Abstract
Rubber wood ash (RWA) a predominantly source of
calcium carbonate, was used as a starting material for
synthesizing hydroxyapatite (HA, (Ca) 10 ,(PO 4 ) 6 (OH) 2 )
powder. The sol–gel prepared hydroxyapatite powder was
characterized for its phase purity, chemical composition.
Fourier transform infrared (FTIR) spectroscopy was used
to identify the functional groups. X-ray diffraction (XRD)
analysis was carried out to study the phase structure,
crystallinity and the crystallite size of hydroxyapatite
powders that were mixed with RWA for different P 2 O 5
dosages sintered at 800°C. From XRD results, HA
synthesized from RWA exhibited good aspect ratios with
the crystalline HA structures of natural human bone. The
HA produced was of comparable quality to the standard
JCPDS file no. 09-0432. Morphology of scanning electron
microscopy (SEM) showed that the obtained powder after
sintering at 800°C is composed of hydroxyapatite
nanoparticles (50–100 nm).
Keywords: apatite, bio-ceramics, calcium hydroxyapatite,
rubber wood ash (RWA).

1. Introduction
The calcium phosphate materials, including hydroxyapatite
(HA) with the formula Ca 10 (PO 4 ) 6 (OH) 2 where the Ca/P
molar ratio is 1.67. Form part of the isomorphic family of
apatites. HA based ceramic materials, a widely used
material of choice for many applications, HA in different
physical forms finds application in tissue engineering [1],
drug delivery [2], implants [3], and bones cement [4]. High
stability of HA in a wide range of physical conditions
makes it a desirable material for other industries. Apart
from the biomedical applications, HA can be utilize as
catalysis [5], in adsorption processes [6], or in

chromatography [7]. In most cases its applications,
hydroxyapatite has a form of nanoparticles (nHA),
sometimes with different sizes and morphologies: from
plates, through rod-shape nanoparticles, to spherical
nanoparticles. Many processes have been used to prepare
HA powders including hydrolysis of other calcium
phosphates [8], hydrothermal [9], precipitation from
aqueous solution [10], sol-gel procedure [11 and
mechanochemical synthesis [12]. The use of conventional
raw material as a hydroxyapatite like oyster shell [13],
eggshells [14], animal bones [15], waste mussel shells [16]
and waste fish scale [17]. Reports attempting to produce
or synthesize materials with chemical characteristics and
waste from animal to providing a calcium-rich source that
can be used to produce calcium oxide (lime), but studies
on from waste plants and their phase composition and
physical properties have seldom been reported.
Rubber wood is a type of wood from the Pará
rubber tree (Hevea brasiliensis). There are numerous
plantations with these types of trees in Southeast Asia. The
traditional practice to extract latex from these trees was to
burn the tree. Rubber wood is used only after it completes
its latex producing cycle, generally in 25-30 years old.
When the latex yields become extremely low, the trees are
then replaced for new ones. This latex can also be used as
fuel, either in a furnace, a generator, or in a steam boiler
power. The latex may also be smelted into charcoal.
Rubber wood ash (RWA) is abundant among the
agricultural waste. This waste accounts for the annual
gross rubber wood ash, 217 million metric tons of the
annual gross waste in Thailand [18]. Accordingly, the aim
of the present work is to synthesis a simple method for
producing HA from rubber wood ash.
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2. Materials and Methods
2.1 Preparation of calcium phosphate bioceramic
powders
A stoichiometric amount of calcium carbonate (CaCO 3 )
from rubber wood ash (RWA) after sintered at 800°C was
collected from Yala Province, Thailand. Phosphoric
pentoxide (P 2 O 5 , Merck) were used with the molar ratio of
10:3, 10:5 and 10:7 which is the desired Ca/P ratio
observed in hydroxyapatite. Absolute ethanol (C 2 H 5 OH,
Merck) was used as the solvent. The as prepared solution
after dissolving the above precursors slowly transforms
into a gel after 24 h under continuously stirring at ambient
temperature. Gel was aged for 12 h, and then dried in a
convectional oven at 80°C for 24 h. The dried gel was
sintered at a rate of 10 °C/min up to 800°C in a furnace. At
the end the gel was placed in air for cooling to ambient
temperature. More ever to find the effect of sintering
temperature on the crystallinity of products, sintering
process was also performed at temperatures of 800°C. The
schematic diagram of preparing procedures of sample was
described in Fig. 1.

region with 2 cm−1 resolution. The morphology of calcium
phosphate powders was investigated with a scanning
electron microscope (SEM; JEOL JSM- 5800LV). The
phase composition analysis was carried out by X-ray
diffraction (XRD) method using a Philips X’Pert-MPD
System powder diffract meter with Cu Kα radiation over
the 2 θ range of 20–60◦ at a scan rate of 0.02◦/min. The
crystallite size was determined from XRD peaks using the
Scherer equation [19],

d=

(0.9λ )
………………………. (1)
( FWHMCOSθ )

Where d is crystallite size, λ is the wavelength of the X-ray
radiation (Cu-Kα = 0.15406 nm), FWHM the full width at
half maximum for the diffraction peak under consideration
(rad), and θ is the diffraction angle (◦).
The fraction of crystalline phase (F c ) in the
hydroxyapatite powders can be evaluated by the following
equation (2) [20]:

Fc = 1 −
RWA in ethanol

P2O5 in ethanol
Mixing

Gelation

Aging

Drying

Calcium phosphate powder
Fig. 1. Flow chart of the sol–gel synthesis of calcium phosphate powder.

2.1 Materials Characterization
The X-ray fluorescence (XRF) analysis using a Philips
X’Pert MPD-PW2400 was carried out to determine
chemical compositions of RWA after sintered at 800°C
compared with commercial (CaHPO 4 ), calcium phosphate,
(assay 98-102.5% Sigma-Aldrich, Germany). Fourier
transform infrared (FTIR) spectroscopy analysis (Bruker
EQUINOX 55) was carried out to identify the functional
groups. The spectrum was recorded in the 4000–400 cm−1

V112 / 300
……………………. ………. (2)
I 300

where I 300 is the intensity of (300) diffraction peak and
V 112/300 is the intensity of the hollow between (112) and
(300) diffraction peaks of hydroxyapatite.

3. Results and Discussion
Chemical composition of RWA is 48.24% CaO was found
to be the main content in RWA similar with the
commercial calcium phosphate (Table 1). Fig. 2 shows the
XRD patterns of RWA after sintered at 800°C was
presented. The RWA patterns were identified as JCPDS
(HA) the file No. 09-0432 compared with commercial
calcium phosphate (CaHPO 4 ). The XRD patterns of
prepared hydroxyapatite powders at different amount of
P 2 O 5 are also shown in Fig. 3. Broad diffraction peaks of
all samples can be observed. Crystalline hydroxyapatite
starts to form due to sintering process at 800°C. Amount of
P 2 O 5 plays an important role on the formation of
hydroxyapatite (Fig. 3.). As the amount of P 2 O 5 is
increased from 3 to 7, several peaks of the hydroxyapatite
become more distinct and also the widths of the peaks
become narrower, which suggests an increase in the degree
of crystallinity. It can also be seen additional crystalline
phases β-TCP (Ca 3 (PO 4 ) 2 ) appear in a small trace from
the original calcination process since the transformation of
the raw RWA to lime is between 81-87% as shown in
Table 2. The XRD patterns for RWA powders after
sintered at 800 °C appear very similar to those that show
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signature peaks for HA (JCPDS 09-0432), as shown in the
curves labeled a and c in Fig. 2. The peaks obtained from
the powder after calcination at 800 °C becomes
significantly sharper, revealing pure crystalline HA phase,
as shown in the curve labeled (c-f) in Fig. 3.
The calculated amounts of crystallite size (d) of the
hydroxyapatite powders which were synthesized different
P 2 O 5 dosages based on the diffraction peak and using
Scherrer’s equation are also listed in Table 2. The
crystallite sizes of the hydroxyapatite powders with
crystallites of 17-25 nm. An increase in crystallite size of
the hydroxyapatite powders with increasing of P 2 O 5
dosages was observed, i.e. the higher of the P 2 O 5 dosages,
the larger of the crystallite size of the hydroxyapatite
powders.
The FTIR spectra of RWA: P 2 O 5 used with the
molar ratio 10:7 prepared hydroxyapatite powder which
was sintered at 800 °C is shown in Fig. 4. In the spectra,
bending and stretching modes of P–O vibrations are
present as bands around 557, 962, 1033 and 1068 cm−1,
respectively [9,11]. The bands at 2852 and 2921 cm −1 are
attributed to the asymmetric stretching of CH 2 and CH 3
[9]. The bands assigned to the stretching modes of
hydroxyl groups (OH) in the hydroxyapatite (3571 cm−1
and 474 cm−1) [11] can be clearly observed in the spectra.
Additionally, the carbonate ion substitution is identified by
characteristic peaks of the carbonate ions around 864 and
1434 cm −1, which are attributed to the vibrational modes
of the carbonate ions substituted at the phosphate sites (Btype). Moreover, the carbonate ion band at 1550 cm −1 can
be ascribed to A-type carbonate substitution on hydroxide
ion sites [9]. However, many different studies have

resulted in contradictory explanations regarding which
bands correspond to type A, type B or mixed type AB
carbonate substitution [11]. In this experiment, the carbon
peaks observed for the specimens the peak at 1465–1415
cm−1 and 1227 cm−1 [10-11]. The presence of the peak at
1465 cm−1 is related to CO 3 2− group and suggests that
carbon from the organics does not pyrolyze completely and
may instead dissolve into the hydroxyapatite crystal [11].
The presence of carbonate is a form of lattice
defect in the HA, which could contribute to its low
crystallinity, supporting the XRD data. The more the
carbonated the powder is, the more the diffraction peaks
broaden. It should be mentioned that most biological
apatite contain both A- and B-type carbonate ions in their
lattices. It can thereby be concluded that the prepared HA
is chemically and structurally analogous to biological
apatite. The apatite in natural bone contains significant
amounts of carbonate ions, from about 4 to 6 wt%. In
general, low carbonate content can improve the bioactivity
of HA [9]. The SEM micrographs showed the morphology
and particle size was spherical shapes. The HA formed
using RWA was an assembly of uniform spherical-like
nanoparticles. A close look shows that these agglomerates
are made up of clusters of sphere. The average grain size
of calcium phosphate powders found from SEM images is
to be around 50–100 nm.

Table 1.Chemical compositions (%) with X-ray fluorescence analysis of RWA compared with commercial (CaHPO 4 )

Samples
RWA

CaO

SiO 2

K2O

MgO

P2O5

Al 2 O 3

Fe 2 O 3

SO 3

Cl

LOIa(800°C)

49.76

1.52

8.44

3.50

1.86

0.26

0.26

1.28

0.30

32.82

a

Total percentage of mass loss includes the organic material.
Commercial (CaHPO 4 ), Calcium phosphate, assay 98-102.5% carbonate in accordance, chloride (Cl-) ≤200 mg/kg,
sulfate (SO 4 2-)≤3000 mg/kg, Fe ≤3000 mg/kg
24.50-26.50% loss on ignition at 800°C
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Fig. 2. XRD pattern of (a) hydroxyapatite (JCPDS 09-0432) (b)commercial (CaHPO 4 ) and (c) RWA sintered at 800°C

Fig. 3. XRD pattern of (a) hydroxyapatite (JCPDS 09-0432) (b) (c) RWA sintered at 800°C and RWA:P 2 O 5 sintered at 800°C with the molar ratio (d)
10:3, (e) 10:5 and (f) 10:7
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Table 2.The effect of P 2 O 5 on the crystallinity and crystallite size of prepared hydroxyapatite powders

Samples (RWA:P 2 O 5 )

Crystallinity,Fc (%)

Crystallite size, d(nm)

10:3

81

17

10:5

83

22

10:7

87

25

Fig. 4. The FTIR spectra of RWA:P 2 O 5 used with the molar ratio 10:7 prepared hydroxyapatite powder sintered at 800 ◦C.

Fig.5. SEM images of synthesized calcium phosphate bioceramic powders of RWA:P 2 O 5 at 10:7 sintered at 800°C at 35,000X.
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4. Conclusions
It has been demonstrated that it is possible to use waste
rubber wood ash as a calcium source to form lime (calcium
oxide) and then hydroxyapatite (HA) by sintered at 800°C.
The HA produced was comparable to a hydroxyapatite
(JCPDS 09-0432), although the as-synthesized material
contained residual phases β-TCP (Ca 3 (PO 4 ) 2 ) due to
incomplete calcination. This β-TCP was removed by the
subsequent heat treatment step following HA production.
The prepared HA powders at different amount of P 2 O 5
dosages, results have shown that RWA: P 2 O 5 at10:7 the
hydroxyapatite Nano powder with crystallites of 17-25 nm
size was prepared via a simple sol–gel method. Although
rubber wood ash is a waste material, the present
investigation shows that HA Nano crystalline can be
successfully prepared by a simple method at room
temperature from rubber wood ash.
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