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The metal compound of nanosize tricalcium phosphate, which is based on
lime mineral and phosphoric acid, prepared by the sol-gel method, is in-
vestigated. The functional group of tricalcium phosphate is confirmed
from the FTIR spectrum results, in which a hydroxyl functional group
(—OH) tends to disappear at the temperature of 800°C and 1000°C. With
both deficiency optimum number of —OH (3564 cm™) and increase of the
functional groups of PO,*>” (567 cm ! and 601 cm™!) as asymmetry bending
and PO,* (1039 cm™, 962 cm™, and 900 cm™) as asymmetry stretching
vibration modes, the metal compound is formed as tricalcium phosphate
(TCP). The crystallographic plane orientations for metastable o-TCP are
(001), and for rhombohedral B-TCP, they are (002) and (200), that is
found from the XRD results. However, the crystallographic plane orienta-
tion for hexagonal o'-TCP is still unformed due to its temperature un-
reached. Inhomogeneous crystallites of the metal-compound nanosize
tricalcium phosphate are confirmed in the relating parameters of crystal-
lite sizes, strains, and dislocations, whereas the crystallinity increases
when their temperature increases and is occurred at 800°C and 1000°C
with numbers of = 72% and = 77%, respectively. The thermal characteri-
sation is obtained by the specific heat capacity, the fusion and crystalliza-
tion enthalpies, and weight loss calculated from results of differential
scanning calorimetry—thermogravimetric (DSC-TG) and differential ther-
mogravimetric (DTG) analyses.

HocaigsxkeHo mMeTaIiuHy CHOJYKY HAaHOPOSMipHOTO TpUKaJbIlifioBoro ¢ocha-
Ty, B OCHOBi SIKOTO € BaITHAHUI MiHepas i pochopHa KUCI0TaA, IIPUTOTOBAHY
30JIb-TeJILOBUM MeToJoM. DPyHKIIOHAJbHA I'DyHa TPUKaJIbIifioBoro dochary
OiATBEPIKYEThCSA pedyabTaTaMu Pyp’e-cmexTpockomnii iHdppauepBoHUX cIie-
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KTpiB, B AKUX TifpokcuabHa (pyuKIioHanbHa rpyna (—OH) mae TemmeHIIiio
saukatu 3a temmepatypu y 800°C i 1000°C. 3 oboma medinmmToM OITHMA-
apHOro umcaa —OH (8564 cm') i 36inmpmieHHAM (GYHKIIOHATBHUX TpYII
PO,* (567 cm ' i 601 cm ') ax acumerpii Burunanua ta PO,* (1039 cvm?,
962 cm i 900 cm!) Ak acumerpii posTAraEEA B Bi6pamiffHMX Mozax, MeTa-
JiYHa CIIOJIyKa YTBOPIOEThCA AK TpuKajabiiioBuit pochat (TCP). Kpucraio-
rpadiuni opiemrarnii mimomuu gua MeracrabinbHoro o-TCP e (001), a gua
pomboenpuunoro B-TCP Bouum € (002) i (200), mo MoxHA 3HANTH 3 PE3YJIb-
TaTiB peHTreHiBcbKol audpakrmii. Oxgmax KpucrajgorpadiuHa opieHTaisa
IJIOMTUH AJA TeKcaroHaiabHOoTo o-TCP Bce Ime He copmoBaHa uepes HoOro
Temnepatrypy. HeomHopigui KpucTaaiTu MeTajsidvHOro HAHOPO3MipHOTO TPH-
KaJbIlifioBoro (hocdaTy miATBepAKeHiI y BiAmoBimHMX mapaMeTpax KpHCTa-
JiTHUX PO3MipiB, medopmalliii i gucaorariit, Toai AK CTYIiHB KpHCTAJIiUHO-
cTu 30iJbITyeThCcAa HIPU HiABUINEHHI IXHBOI TeMmepaTypu i BimOyBaeThcs 3a
800°C i 1000°C 38 yucmamu = 72% i = 77% sinnmoBizHo. TepmiuHy XapakTe-
pu3aIlio ofep;KaHO 3a PAXYHOK ITMTOMOI TEIJIOEMHOCTi, eHTaJbIIi CUHTE3U
Ta KpHUCTaTisallii, a TakoyX BTpPaTH Baru, PO3paxoBaHOI 3a peayabTaTaMU
IndepeHiANbHOI CKaHyBaJbHOI KajJopuMeTpii i TepmorpaBimeTpuuHOI
(DSC-TG) ananisu Ta audepenmiaabHoi TepmorpaBimerpuunoi (DTG) ama-
Jaism.

Key words: tricalcium phosphate, sol-gel processing, lime minerals, phos-
phoric acid.
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1. INTRODUCTION

Tricalcium phosphate is a type of metallic or metal compound that
containing a calcium atom (Ca) from alkaline earth metal element
and acts as the cation Ca®" in the compound with an anion phos-
phate PO,* in the ionic bonded. Tricalcium phosphate sometimes
abbreviated as TCP is a calcium salt of phosphoric acid with a
chemical formula Cay(PO,),. It exists in three groups of the crystal-
line polymorphs a-, a'-, and B-TCP, which they are used in spinal
surgery as bone grafts, bone repair, and remodelling applications
[1-3]. The o-TCP designed as a monoclinic structure and it found in
the high temperature. However, it can be retained at room tempera-
ture as a metastable structure. The stability range of o-TCP strong-
ly depends on the ionic substitutions. The o'-TCP designed as a
hexagonal structure is stable as found at the high temperatures too,
whilst the B-TCP designed as a rhombohedral structure, which is
stable found at below of a- and o'-TCP temperatures [4—6]. They are
biocompatible, but more soluble and hydrolyses rapidly to the calci-
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um-deficient hydroxyapatite (HA,) [2]. The B-TCP formations have
confirmed at temperature range 500—-1100°C by a transformation of
the calcium-deficient apatite; it has confirmed in temperature range
710-740°C [7]. The crystalline polymorphs of metal compound
tricalcium phosphate have complex structures and refer to numer-
ous materials consisting of calcium ion (Ca®") together with ortho-
phosphates (PO,") [2, 8-10].

Synthesis of the metal compound tricalcium phosphate most re-
ported by chemical and physical methods: by the chemical method
such as precipitation and sol-gel preparations, whilst the physical
method such as solid-state preparation. Nowadays, the sol-gel
method has been preferred in this work due to simple in the prepa-
ration and does not require high temperature in the process, moreo-
ver, always results in nanosize particles [2, 11-14]. Subsequently,
several studies were reported and have confirmed in Refs. [2, 15—
18].

2. EXPERIMENTAL

The sol-gel method preferred in this work, in which the metal com-
pound nanosize tricalcium phosphate resulted. The advantage of the
sol—gel method to the sample preparation is a simple treatment and
does not require high temperature in the process, moreover, always
results in nanosize particles. The process involves the conversion of
the monomers into a colloidal solution (sol) that acts as the precur-
sor for an integrated network (gel) of either discrete particles [19—
26]. Nowadays, preparation of the metal compound nanosize trical-
cium phosphate made from dissolve 1.8 M of Ca(OH), with 1.2 M of
H;(PO), uses a magnetic stirrer and spin bar for 3 hours at room
temperature. Subsequently, the solution stirred again for 8 to 10
hours at 120°C until the wet gel formed. After that, dry form and
shrunk gel formations produced through cooled that previous gel
form at room temperature for 24 hours. All samples are treated at
room temperature, 100°C, 400°C, 800°C, and 1000°C, and have ex-
amined by using FTIR [27-30], XRD [31-34], and DSC-TG [35—
38]. The FTIR uses for the functional group information of crystal-
line polymorphs of metal compound nanosize tricalcium phosphate,
the XRD uses for the crystallographic confirmation, The DSC-TG,
and DTG are used for the thermal characteristic through calculat-
ing the specific heat capacity, enthalpy of fusion, and crystalliza-
tion, and weight loss parameters.

The main materials used in this work, among others there are
ethanol (C,HzO) with a purity of 96%, calcium hydroxide (Ca(OH),),
and phosphoric acid (H;PO,) with the purity of 99% from Pro
Analysis material product.
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3. RESULTS AND DISCUSSIONS

There are several results from the FTIR spectrum, XRD pattern,
DSC-TG, and DTG. FTIR result has confirmed the functional group
of metal compound nanosize tricalcium phosphate. Information
about the crystallite size, strain, and dislocation, crystallinity and
preferential crystallographic plane orientation has found from the
XRD results. DSC-TG and DTG results are discussed with the
thermal characteristic by calculating the specific heat capacity, en-
thalpy of fusion and crystallization, and weight loss parameters.

3.1. The FTIR Results and Discussion

Information on the functional group of metal-compound nanosize
tricalcium phosphate has been confirmed from the FTIR results.
The transmittances number of hydroxyl functional group (—OH) of
Ca(OH), confirmed is very small or large for the absorbance num-
ber, such as shown in Fig. 1, a. Subsequently, the transmittances
number of —OH decreased or the absorbances number increased for
all samples were treated by increased temperature, such as shown in
Fig. 1, b—f. In other words, the deficiency of —OH showed in the
formation as a metal compound nanosize tricalcium phosphate while
the temperature increased.

Indication of the metastable a-TCP formation looks in the FTIR
spectrum at room temperature with —OH functional group deficien-
cy (3446.76 cm™) and the optimum number of orthophosphates
(PO,*) appearances as asymmetry bending (567 cm™* and 601 cm™)
and asymmetry stretching vibration mode (1089 cm™, 962 cm™, and
900 cm ') such as shown in Fig. 1, b. It is different from the FTIR
spectrum of Ca(OH),, where the functional group of —OH optimum
and dominant appeared such as shown in Fig. 1, a. Whereas, the
Ca;(PO,);(OH) or hydroxyapatite formation optimum and dominant
appeared rather than of B-TCP formation at temperature increased
from 100°C to 400°C, such as shown in Fig. 1, ¢c—d. The B-TCP for-
mation appeared at 800°C and 1000°C optimally and dominantly.
Even that, the deficiency of —OH is minimum and almost disap-
peared. Otherwise, this condition appears PO, (1043.49 cm™) and
PO, (605.65 cm™) functional groups are optimum and dominant
such as shown in Fig. 1, e—f.

3.2. The XRD Results and Discussion

In 1918, P. Scherrer showed that, when parallel monochromatic ra-
diations fall on an oriented random mass of crystals, the diffracted
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Fig. 1. The FTIR results for calcium hydroxide (a) and (b)—(f) metal com-
pound nanosize tricalcium phosphate samples at various temperatures.

beam is broadened when the particle size is small [39]. The Scherrer
equation (also referred to as the Debye—Scherrer equation) applied
to estimate the size of zeolite crystallites [40]. The approximation
method by Scherrer equation such as in Eq. (1) related to the width
of a powder diffraction peak average of the crystallite in polycrys-
talline powder [40]:

D = K\ (B, cos0), (1)

where (3, is the crystallite size contribution to the peak width in ra-
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dians, 0 is the Bragg angle or a peak position in radians, K is nu-
merical constant near unity, A is the wave-length of the incident x-
rays, and D is the average thickness of the crystal in a normal di-
rection to the diffraction plane hkl or the crystallite size variable
from the Scherrer equation. Sample-induced peak broadening is
convolution effects caused by the crystallite size and stress. The to-
tal sample broadening is usually approximated as a sum of the
terms expressed [40-42] in Eq. (2):

BT :BD+Bs’ (2)

where B, is the total broadening, B, is broadening due to crystallite
size, and B, is the broadening due to strains. From the Scherrer
equation, such as Eq. (1), it is found that B, = KA/(Dcos®). Similar-
ly, the XRD-peak broadening due to microstrains is given by
Be=4etan0. Therefore, the total broadening B, could be written in
Eq. (3) in terms of the reciprocal lattice, the effect of lattice strain
is to broaden the reciprocal lattice points to a breadth ., which var-
ies linearly with the distance from the origin [42]:

B, = K\/(Dcos6)+4ctan®. 3)

Multiplication of each side by cos0 yields
B,cosO=4esin0+ KA/D. 4)
Equation (3) represents a straight line; in it, € is the gradient or

slope of the line, and KA/D is the intercept. Consider the standard
equation of the straight line:

(a)

# Data
——Guassian fit
1
‘1i‘ Peak
" position

Intensity (a.u.)
Bcoso

20 4sin0

Fig. 2. The Debye—Scherrer equation (DS-method) (a) and (b) the William-
son—Hall plot method (WH-method).
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y=mx+c, (5)

where m is a slope of the line, and ¢ is the y-intercept. Comparing
Eq. (4) with Eq. (5), there are found: y=fprDcosd, m=¢, and
¢ =K)\/D. This method usually named Williamson—Hall plot to the
determination of the crystallite size and strain.

The schematic peak position (20) and width (FWHM) determina-
tions in the approximation of the Debye—Scherrer method (DS-
method) were found by means of the XRD fitted pattern with
Gaussian or Lorentzian function used, such as shown in Fig. 2, a.
Meanwhile, for a given family of the parallel hkl planes, it can be
plotted PcosO against 4sin6. The intercept and slope of the graph
from Eq. (4), they are found the crystallite size D and strain ¢ [40,
42] from Williamson—Hall plot (WH-method), as well as it has
shown in the schematic of Fig. 2, b. Dislocation density 6 is defined
as a length of dislocation lines per unit volume of the crystal and
calculated by the Williamson—Hall relation, as well as shown in Eq.
(6), where dislocation density determination is using the XRD data
and based on the broadening of the diffraction lines [43—44]:

§=D7?, (6)

where D is the crystallite size calculated from Eq. (1).

3.2.1. Crystallite Size, Strains, and Dislocations

Figure 3, a, d, g, j, m show the XRD patterns of metal compound
nanosize tricalcium phosphate groups powder after being treated at
room temperature, 100°C, 400°C, 800°C, and 1000°C, respectively,
whereas Fig. 3, b—c, e—f, h—i, k—l, n—o show the Gaussian fitted
curve with software using for the XRD data. As seen in the Gaussi-
an fit, the peak position for each curve is different, where the frac-
tion of metastable o-TCP appeared at a room temperature and
rhombohedral B-TCP appeared at 800°C and 1000°C, respectively,
whilst the fraction of o'-TCP still disappeared in this effort due to
the temperature has been not reached.

The peak width determination is typically obtained by the fitting
curve with Lorentzian, Gaussian, or a combination of the Lorentzi-
an and Gaussian functions. The peak fitting appropriate background
correction usually necessary to acquire an accurate assessment of
the peak width, especially for peaks, which are partially overlap-
ping. The peak variable is a function of the peak position, peak
width, intensity, and mixing parameters [40].

The crystallite size in the D, and Dy, variables have found, and
they are different values, such as shown in Fig. 6, b and Table 1.
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The different yields of the D,q and D,;; values due to influenced by
the broadening parameter in the crystallite size determination from
the Debye—Scherrer and Williamson—Hall plot methods are differ-
ent. Debye—Scherrer equation depends on the B, variable, and Wil-
liamson—Hall plot method involves the total broadening [, such as
shown in Eq. (2).

The peak position profiles of the XRD pattern from each sample
are shown in Fig. 4, a—i, while each specific angle and peak has
been found the preferential crystallographic plane orientation for
metal compound nanosize tricalcium phosphate samples.

— fitted at room temp.

5004 ——room temp. u alfaCa(PO,), — fitted at room temp.
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Fig. 3. XRD patterns (a), (d), (g), (j), (m), the fitting curve (d), (e), (h),
(k), (n), and the peak position (20) (c¢), (f), (i), (1), (o), and peak width
(FWHM) of metal compound nanosize tricalcium phosphate samples in var-
ious temperature.
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The crystallographic plane (001) is detected at 206~17°, plane
(101)—at 26~27.86°, plane (011)—at 20~31.06°, plane (110)—at
20~34.36°, plane (002)—at 206~47.07°, and plane (200)—at
20~52.96°. The optimum peak position appearance at 800°C to
1000°C and minimum peak appearance at room temperature, 100°C,
and 400°C. The peak width becomes narrow at 800°C and rather
wide at 1000°C, but tends to increase while increase temperature,
such as shown in Fig. 4, a—i.

According to Bragg’s law, the moment of the unstrained one
crystallite is undergoing diffraction with d, A, and 6 parameters,
such as designed in Eq. (7) [45], while the homogenous crystallite is
strained or compressed then the d spacing will be changed, where d
spacing could be narrow (compressive stress) or wide (tensile
stress). If that occurs, say reducing a given spacing (d) to (d dd),
then the peak position (20) will be increased to 2(0 + 60) as well as
shown in Eq. (8), whilst, according to Williamson—Hall in Refs.
[42], evidence supporting the contention that some of the broaden-
ings are due to particle size is generally less convincing:

A =2dsin0, (7
become

A =2(d - 6d) sin(0 + 60) . (8)

Every crystallite in the sample strained (compressed) by the same
amount or its strain in the homogeneous meaning and result in a
diffraction peak shifting only, but not broadening. Vice versa, that
inhomogeneous strains meaning when a different crystallite will be
strained in the different amounts and shifted in 20 due to a struc-
tural defect contained. The structural defect factor involves the in-
terstitials, vacancies, dislocations, and layer faults that would in-
duce inhomogeneous strain within a crystallite. The degree of strain
obviously being greater at distances close to the actual defect [45].
The approximate relationship relating that mean inhomogeneous
strain ¢ to the peak broadening it produces (.. This derived by dif-
ferentiating Bragg’s law and relating the inhomogeneous strain to
dd/d, such as shown in Eq. (2), (3), and (4).

The crystallite strains ¢ of metal-compound nanosize tricalcium
phosphate are found from Eq. (4), such as shown in Fig. 5, a—e and
Table 2, where the crystallite strain is positive for the sample with
temperature treatment at 400°C, 800°C, and 1000°C. The values
tend to increase, if temperature increases, such as in Fig. 5, c—e.

This matter could be influenced by the broadening width or peak
position parameters increased. However, the crystallite strain for
the samples while being treated at room temperature and 100°C are
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TABLE 1. Crystallite size of nanosize TCP.

Temperature, °C Dps, nm Dy gy, nm
Room temperature 13.92+0.63 8.02+0.07
100 13.62+0.34 12.27+0,45
400 17.75+0.65 87.75£1.06
800 42.89+0.75 87.21 £ 0.86
1000 67.34+£1.05 96.26 £ 1.67

TABLE 2. Crystallite strain and dislocation.

Temperature, °C 5-107%, nm™2 e1078
Room temperature 15.55 -1,82
100 6.64 -23.4

400 0.13 0.92

800 0.13 1.61

1000 0.11 3.41

negative values. Therefore, the crystallite broadening width B or
peak position 0 parameters is narrow or declined in the crystal,
such as shown in Fig. 5, a, b, linearly related to the temperature to
all crystallite strain yields from Eq. (4) has been shown in Fig. 5, f,
while its temperature increase, then the crystallite tends to increase
too. Subsequently, the crystallite dislocation is found, such as
shown in Fig. 6, a and Table 2. This matter has shown declined the
length of dislocation lines per unit volume in the crystal.

3.2.2, Crystallinity

The crystallinity refers to the structural degree of a solid. There
are many materials, such as ceramic-glass, composite, and some
polymers being prepared in such a way as to produce a mixture of
crystalline and amorphous regions. However, the completely crystal-
line materials, the perfection of the structural degree could be var-
ied. For example, most alloys are crystalline, but usually comprise
many independent crystalline regions (grains or crystallites). In var-
ious orientations separated by grain boundaries, where they always
contain other crystallographic defects, such as dislocation. That re-
duces the degree of structural perfection [46].

In this study, the crystallinity of the samples of metal-compound
nanosize tricalcium phosphate determined from XRD data by using
Eq. (9), where the crystallinity or peak to noise ratio can be calcu-
lated by the software using:
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Fig. 5. The crystallite strain (a)—(e), and (f) the relating between the crys-
tallite strain to the temperature of metal compound nanosize tricalcium
phosphate sample.

K =(Ay/A,,)-100%, 9)

where K is crystallinity variable in percentage, A., and A,, are area
of the crystalline peaks and all peaks (crystalline + amorphous), re-
spectively. The relating of the crystallinity with temperature has
shown in Fig. 6, c¢. This matter indicated that crystallite dislocation
in crystal tends to decrease.

3.3. The DSC—TG Results

Differential scanning calorimetry (DSC) and thermogravimetry (TG)
are two thermal analysis techniques used in this work, such as
shown in Fig. 7, a—c, where DSC is a technique, in which the heat
flow rate difference into a substance and a reference is measured as
a function of temperature [36]. TG is a method, in which the mass
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Fig. 6. The crystallite dislocation (a), the crystallite size (b), and (c¢) the
crystallinity of metal-compound nanosize tricalcium phosphate samples at
various temperatures.

of a sample is measured over time as the temperature changes. Both
measurements are provided with information about the physical
properties of the sample, such as phase transition, absorption, ad-
sorption, and desorption [35, 37, 47]. It is a common feature of
these techniques that the various characteristic temperature, specif-
ic heat capacity, melting and crystallization temperatures, and the
heat of fusion as well as the various thermal parameters of the
chemical reaction can be determined at constant heating or cooling
rate. The major application of the DSC technique is in polymer and
pharmaceutical fields, but inorganic and organic chemistry have al-
so benefited significantly from the existence of DSC [36].

3.3.1. Specific Heat Capacity, Enthalpy of Fusion and Crystallization

The DSC result of metal compound nanosize tricalcium phosphate
has been confirmed in Fig. 7, a—c, in which the data about the melt-
ing point, specific heat capacity, enthalpy of fusion, and crystalli-
zation were obtained. The curve of DSC in Fig. 7, a—c is shown as a
profile curve of the inorganic materials like type in the metal com-
pound.

The fusion and crystallization area in the DSC curve obtained by
the plotting of the heat flow to temperature, such as shown in Fig.
8, a, the enthalpy of fusion and crystallization were found by com-
pared the heat flow to weigh loss parameters and draw its curve in
the relating of J's-g™' versus time, in which the dip peak of curve
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Fig. 7. The profile curves of DSC and TG (a)—(c) simultaneously for metal-
compound nanosize tricalcium phosphate sample at various temperatures.

area Fig. 8, b represents the unit enthalpy of fusion and crystalliza-
tion. The specific heat capacity C, will be plot temperature on the x-
axis and for the y-axis, and multiply heat flow with time and divide
by weight and temperature. The specific number of the melting
point, specific heat capacity, enthalpy of fusion, and crystallization
were found using appropriate software programming from DSC da-
ta, such as shown in Table 3.

Indication of the sample dehydration with large fusion enthalpy
of AH;~1315.15 J-g”' occurred by endothermic reaction at range
from T;~91.23°C to T;~131.08°C. Subsequently, the crystallization
occurred by exothermic reaction with enthalpy AH,~ 40.32 J-g'. In
this matter, the heat flow is most absorbed to dehydration rather
than released to crystallization. The crystallization enthalpy with a
large value of AH,~133.11 J-g ! rather than of the enthalpy of fu-
sion AH,;~7.64 J-g' occurred at the range from T~ 622.94°C to
T;~650.91°C. In this matter, the heat flow most released to crystal-
lization rather than absorbed into dehydration. Therefore, at room
temperature, 100°C, 400°C, 800°C, and 1000°C, there are different
temperature preferences in this effort based on the DSC result to
confirm the effective temperature range for the formation of the
metallic-compound nanosize tricalcium phosphate.

3.3.2. The Weight Loss Confirmation

TG is a technique for weight loss or weight increase measurement,
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Fig. 8. The fusion and crystallization area (a), the fusion and crystalliza-
tion enthalpies (b), the initial and final fusion temperature (c), and (d) the
weight loss of metal compound nanosize tricalcium phosphate sample at
various temperatures.

in which the weight of a substance is measured as a temperature
function, while a substance is subjected to a controlled temperature
program. The TG results of this work are found and shown in Fig. 7.

Separately, the weight loss to temperature curve for specific
temperature preferred shown in Fig. 8, d, in which the weight loss
with a large magnitude of about =85.2% looks in the range 75—
115°C. This matter due to water dehydration occurs in the sample.
Subsequently, the volatile substances evaporation occurs in the
range 115-185°C. As continued, the intermediate products and
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TABLE 3. The fusion and crystallization parameters.

Melting point Enthalpy of Specific heat

Enthalpy of fusion

R . 1 crystallization capacity at T,
T, °C Tf’ C AHf’ J-g AH,, J.gfl Cyp, J.gfl.cfl
91.23 131.08 1315.15 40.32 -5.53
364.45 409.74 59.76 26.37 -0.81
622.94 650.91 7.64] 133.11 14.02
941.26 956.82 9.38 10.27 5.15
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Fig. 9. The profile curves of TG and DTG (a)—(c) simultaneously of metal-
compound nanosize tricalcium phosphate sample at various temperatures.

composition of solid residue, as well as metallic compound residue
may form in this temperature range from 27°C to 1000°C. The
weight loss of the TG curve probably can hardly be seen so that cor-
responding temperatures are difficult to determine.

DTG curve is a technique much easier for looking at the tempera-
ture corresponding with weight loss or weight increase, in which it
is useful to record the first time derivative of the TG curve, due to
this, makes the noticing small spot/features on the curve much eas-
ier by the dip peaks appear. Therefore, in this work, the dip peak of
the DTG curve was identified as much easier seen the weight loss
rather than look at the TG curve, such as shown in Fig. 9, a—c for
specific temperature tracking.

4. CONCLUSIONS

The metal-compound nanosize tricalcium phosphate group involves
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the metastable a-TCP and rhombohedral B-TCP structures found, in
which the crystallite size was in the nanosize scale and inhomogene-
ous due to the crystallite strain broadening with different values.
However, temperature for the hexagonal structure o'-TCP not yet
reached in this work.
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