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Abstract

Calcium phosphate (CaP) is well known as biocompatible and bioactive materials that helps in bone growth. However, the
brittleness of CaP makes it limited in load-bearing application. The effect of magnesium (Mg) doping in various weight
percentages on the physical and mechanical properties of CaP/sodium alginate (SA) biocomposite was investigated. Mg-
doped CaP/SA biocomposite powder was prepared by using precipitation method. 95/5 ratio of CaP/SA was used to be doped
with different weight percentages (wt%) of Mg. The maximum hardness was attained at 5.34 GPa for 1.5 wt% of Mg-doped CaP/
SA. The maximum grain size of 3.75 um at 1.0 wt% of Mg-doped CaP/SA was observed under scanning electron microscope
(SEM) micrograph which also represents the maximum density of 2.91 g/em®. Characterization of Mg-doped CaP/SA powder
through Fourier-transform infrared (FTIR) exhibited the phosphate (PO,) group was reduced with the increase of Mg doping
which was also supported in X-ray diffraction (XRD) analysis. From the analyses, Mg ion doping improves the properties of CaP/

SA biocomposite.
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Introduction

The similarity of calcium phosphate (CaP) to the natural
bone makes it being used in bone substitution or implan-
tation [1]. Human bone consist of 70% of minerals that
include calcium (39%), phosphate (17%), sodium (0.7%),
magnesium (0.5%), and others (0.7%) [2]. CaP is well
known as biocompatible and bioactive materials that helps
in bone growth [2]. Apatite formation that observed in both
in vivo and in vitro tests in CaP sample [3] was confirmed
in the biocompatibility and bioactivity of the material [4].
However, the brittleness of CaP [5] makes it limited in
load-bearing application. Due to that, a lot of methods like
composite [6, 7], doping [8, 9], coating [10, 11], etc. has
been used to improve the strength of the CaP. The
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resorbability was depending on the ratio and structure of
CaP where hydroxyapatite (HA) was described as
“nonresorbable” and tricalcium phosphate (TCP) as “re-
sorbable.” Resorbability of the material was described as
degradation of material in vivo [12]. Since the SA is one of
material with high biodegradation rate which can improved
the properties of CaP, SA is also known as biocompatible,
hydrophilic material, and it is widely used in biomedical
application as wound dressing [13, 14], drug delivery [15],
and tissue engineering [16]. SA provides a good addition
in HA since it shows increasing in the hardness as well as
in density of HA [6, 7]. Mg was used in doping process
since it promotes new bone growth [17]. Furthermore, hu-
man body needs a number of metals (ions) for normal
physiological functioning such as sodium (Na*), magne-
sium (Mg®*), etc. [18]. The Mg found as a material that
safe degrade in human body and replace by a new bone but
the release can be toxic if Mg is too high in human body
[19]. Doping the Mg into CaP-based ceramic has shown
good biocompatibility without any cytotoxicity effect [20,
21]. In this study, the CaP already mixed with sodium
alginate (SA) as composite material. Among the ratio of
CaP/SA that had been done, 95/5 ratio was found in the
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highest hardness and density properties. The ratio was then
doped with different weight percentage (1.0 to 2.0 wt%) of
magnesium (Mg) to discover the effect of Mg in properties
of CaP/SA.

Experimental
Material preparation

Calcium phosphate powder , CaP (CaHPO,), was commer-
cially available from Fisher Chemical, Fisher Scientific,
Sodium Alginate powder, SA (NaC¢H-,0O) from R&M
Chemicals and Magnesium Hydroxide powder, and Mg
(MgOH,) from Q-Rec. Mg-doped CaP/SA were prepared
by using a precipitation method with different weight per-
centage of Mg (1.0-2.0 wt%). CaP and SA powders with
95/5 ratio were mixed first and then doped with Mg. The
process was started by stirring the CaP powder with dis-
tilled water at 80 °C for 2 h. Then, SA was slowly added
into the mixture and leaved it for another 2 h. Mg was
doped into CaP/SA by using similar preparation. The pre-
cipitated powder was aged for 24 h at room temperature
before oven dried at 80 °C. Then, the dried powders were
crushed and compacted uniaxially under 2-tonne (9.19
MPa) pressures. The samples were then sintered in air at
1000 °C at 2 °C/min heating for 2 h.

Characterization

FTIR measurement was carried out by using Perkin Elmer.
The prepared powders were recorded in the region between
530 and 4000 cm ™! with 4 cm ™! spectral resolution, and 32
scan number. XRD was performed on prepared and
sintered powders. The analysis was set at 40 kV and
40 mA with diffraction angles (26) between 25° and 55°
with step size of 0.02°per second. The physical property of
the samples was determined via bulk density. Bulk density
of the sample was measured by using Archimedes’ theory
by Mettler Toledo Density kit. The dry weight (Wd), im-
mersed weight (Ws), and wet weight (Ww) of samples
were recorded, and the density of water (pyaer) 1S taken
as 1.0 g/cm®. The samples surface were grinded and
polished prior to Vickers hardness test. Ten indentations
under load Hv 0.2 (1.961 N) were taken in every sample.
In order to reveal the microstructure, heat treatment was
conducted under atmospheric furnace with 950 °C with 2
°C/min heating rate. Since CaP is ceramic material, the
sample was coated with platinum to prevent charging phe-
nomenon occurred. Based on the SEM micrograph image,
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the average grain size was calculated by using line inter-
cept method (ASTM E 112-96, 2004).

Results and discussion
Characterization

Figures 1 and 2 show the FTIR analysis at different weight
% of Mg-doped CaP/SA. It is clearly showed that the phos-
phate group (PO, ) existence was remain at a range from
976 cm '=1190 cm ™' and 520 cm™'-600 cm ™' before and
after sintering [22, 23]. The bands’ intensity was reduced
with Mg doping which indicates the replacement of Mg ion
and has led to the decreasing of Ca/P ratio [24]. The algi-
nate functional groups were disappeared after sintering
which referred to the carboxyl (C = O) stretching vibration
(1590 cm ! to 1750 cm™ ') and carboxyl-COOH stretching
band (1405 cm™' to 1456 cm™ ') [25]. Hence, before
sintering, these bands were also decreased with the in-
crease of Mg ion doping. However, Only C-O stretching
vibration (1020.9 cm ™' to 1027.8 cm ') [25] was detected
after the sintering and doping processes. H,O is also one of
the band that losses after the sintering process since the
water was released during the sintering process. The new
peaks were observed after sintering process that belong to
the P2074' and SO42 bands which assigned at 1200 cm !
and 720 cm ' and 1160 cm™ ' and 1140 cm™ ', respectively.
The intensity of the P,O,* and SO,? bands were decreased
with the increase of Mg®* in CaP. P,O,* band is also
known as (3-TCP which existed when heat treatment has
been applied at 800 °C to 1000 °C [26]. The formation of
[3-TCP also can be observed in XRD analysis (Figs. 3 and
4) where t 3-Ca3(POy,), phase was existed after sintering
process.

XRD analyses of Mg-doped CaP/SA at different weight
percentages are shown in Figs. 3 and 4. Based on the fig-
ures, the formation of the Mg-whitlockite after doping was
observed before and after the sintering process. However,
different phase was observed with different condition
where the Mg-whitlockite (Ca;gMg,H,(POy4)14) Was re-
ferred before the sintering process. Meanwhile, the Mg-
whitlockite with (Ca,.71Mg(.29(PO,),) was observed after
the sintering process where this might due to the changing
crystal structure in sample when heat was applied [27]. The
intensities of both phases were increased with increasing of
Mg. Another phase that observed after the sintering pro-
cess is CaP-whitlockite (Caz(POy,),) which was only ob-
served in undoped CaP/SA. The phase was disappeared
and replaced with Mg-whitlockite (Ca,.71Mgy.29(POy),)
after doping with Mg ion. This change has proved the
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Fig. 1 FTIR analysis on prepared 200
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substitution of Mg in CaP/SA. Ca,P,0; peak decreased
with the addition of Mg ion due to the substitution of Mg
in CaP/SA. This is in line with Zhengsheng et. al., (2005)
[24] where the substitution of Mg occurred which lead to
the decrease of HA intensity peak.

Density and hardness

The density and hardness at different wt% of Mg-doped
CaP/SA are shown in Figs. 5 and 6, respectively. The

graphs clearly showed that the addition of Mg ion in-
creased the density and hardness of CaP/SA. Figure 5
shows the density sharply increased from undoped CaP/
SA at 2.13 g/em’® to the maximum density at 1 wt% of
Mg-doped CaP/SA with 2.93 g/cm’. The density starts to
decrease at 1.5 wt% of Mg-doped CaP/SA. Figure 6 shows
the hardness increase linearly from undoped CaP/SA to
1.5 wt% of Mg-doped CaP/SA and drop at 2.0 wt% of
Mg-doped CaP/SA. The maximum hardness was obtained
at 5.39 GPa at 1.5 wt% of Mg-doped CaP/SA, and the

Fig. 2 FTIR analysis of Mg-
doped CaP/SA at different wt% 200
sintered at 1000 °C
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Fig. 3 XRD analysis on 45000 -
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minimum hardness was observed in undoped CaP/SA with
4.70 GPa. Based on the figures, the hardness was not av-
eragely affected by the density, but it is directly influenced
by the grain size [8].

SEM analysis

Figures 7 and 8 show the SEM micrograph and average
grain size of undoped CaP/SA and Mg-doped CaP/SA at

different weight percentage, respectively. Figure 7 clearly
shows that the undoped CaP/SA contained more porosi-
ties than Mg-doped CaP/SA, and the grain size that be-
comes larger with the addition of Mg ion indicates that
Mg doping provides significant impact to the grain size
and porosity of CaP/SA. All the samples show an
equiaxed shapes. The average grain size in Fig. 8 shows
the similar trend with the SEM micrograph where the
presence of Mg?* increased the average grain size of

Fig. 4 XRD analysis on different
weight % Mg-doped CaP/SA
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Fig. 5 Density at different weight
% of Mg-doped CaP/SA
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CaP/SA. The minimum grain size was obtained in
undoped CaP/SA with 1.59 pm where it relates to the
minimum density and hardness which affected by the
small grains and high porosities. The maximum average
grain size was exhibited at 1.0 wt% of Mg-doped CaP/SA
with 3.75 um which also relates to the maximum density
where the grain growth reduced the porosity. However,
the maximum hardness was not obtained at 1.0 wt% of
Mg-doped CaP/SA even it shows larger grain size.
Previous studies reported that the existence of close po-
rosity and large grain size was led to the decreasing of

hardness [8, 27]. In this study, the maximum hardness
obtained at 1.5 wt% of Mg-doped CaP/SA shows the
combination of large and small grains with 2.61 pm av-
erage grain size. According to Adzila et al. (2016) [8], the
combination of large and small grain has led to the strong
bonding among the grains which increased the hardness
of the sample. The density and hardness obtained from
Adzila et. al. (2016) [8] in Mg-doped HA were at 3.46
g/em® and 1.13GPa, respectively, at 1100 °C. However,
the hardness at 1000 °C obtained in this present study was
higher compared to Adzila et al. (2016) [8] that might due

Fig. 6 Hardness at different
weight % of Mg-doped CaP/SA
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Fig. 7 Microstructure of undoped
CaP/SA and Mg-doped CaP/SA
at different weight percentages
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to the addition of SA. In this present study, the grain size
is one of the factors influenced in density and hardness of
the Mg-doped CaP/SA biocomposite.

Conclusion

Mg-doped CaP/SA at various weight percentages have been
successfully prepared by using precipitation method which

has been proved in FTIR and XRD analyses. The presence
of the Mg in CaP/SA biocomposite has shown significant
effects in density and hardness with maximum value obtained
at2.91 g/em® and 5.34 GPa, respectively, at 1 wt% to 1.5 wt%
Mg. The improvement in hardness and density was directly
influenced by the grain size. The combination of large and
small grains has led to the strong bonding formation between
the grains which increased the hardness. The improvement in
physical and mechanical properties can contribute the Mg-

Fig.8 Comparison of the average
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doped CaP/SA in bone implant application specifically in
load-bearing condition.
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