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Abstract
The aim of this research is studying the produce boron substitution into hydroxyapatite (20BHA) cement powder and investigate
the effect of citric acid on the compressive strength of aew cement. 20BHA cement powder was synthesized by the co-precipitation
method at room temperature. Phase and chemical structure of 20BHA powder were confirmed by X-ray diffraction (XRD) and
Fourier transform infrared spectroscopy (FT-IR). The morphology in the cements was confirmed by scanning electron microscope
(SEM). The effects of adding citric acid to 20BHA powder was found to have a significant effect on the compressive strength
properties of cement. Increasing the concentration of citric acid in 20BHA powder was found to have an effect on the large

compressive strength.
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Intreduction

Bioceramics are based on calcium phosphate compounds, used as biomaterial because of it has excellent
osteoconductive, bioactive properties, non- toxic and no rejection from the human body. Hydroxyapatite
(Ca,o(PO,) ((OH),: HA) is one of the most calcium phosphate compounds which widely used as medical
application. Bone cement is one of the most of HA medical application. Bone cement is a substance or component
used to heal or repair broken bone for reduced the time and minimally invasive surgery (Ginebra, 2009). There
are two types of materials, polymethyl methacrylate (PMMA) (Arora, 2013; Magnan et al., 2013) and calcium
phosphate compounds (Ambard & Mueninghoff, 2006; Xu et al., 2017). PMMA has high temperature during
setting (Sun, Kwok, & Nguyen, 2006 ), these is cause to damage a surrounding tissue. Calcium phosphate has
lower setting temperature than PMMA, however it has poor the mechanical properties than PMMA. Many
researchers studied to improve the mechanical properties of calcium phosphate bone cement (Zhang et al., 2011,
Safronova et al., 2009; Pattanayak et al., 2005). The substitution is one of the most to the improvement the
their properties (Nabiyouni, Ren, & Bhaduri, 2015; Ratnayake, Mucalo, & Dias, 2017). The HA substituted
can occur in Ca site (Cation substitution) and PO, and OH site ( Anionic substitution) (Pan & Fleet, 2002;
Ternane et al., 2002; Supovi, 2015)

® Cation substitution such as Sr**, Mg®*, Ce®*, Eu®"etc.

® Anionic substitution such as Cl, F, CO:', SO‘z' etc.

Boron (B) is a member of the group U and it is only one nonmetal. Boron is the element that has so many
biological properties as bone metabolism, calcium and bone balance, prevent osteoporosis (Larsson & Fazzalari,
2014; Kolmas et al., 2017) and also, fast healing (Yilmaz & Evis, 2016).

In this study, we present the synthesis hydroxyapatite substituted with boron (20BHA) via co—-precipitation
method and characterization of 20BHA when occurred the borate substitution into HA structure. Then we also,

investigate the effect of citric acid on the compressive strength of 20BHA cement.
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Methods and Materials

Synthesis of hydroxyapatite substituted with boron: 20BHA

The 20BHA powder was prepared by co-precipitation method at low temperature (room temperature). The
raw materials were maintained the experimental ratio of Ca/P or Ca/(P+B) of 1.67. A mixture of 10 mole of
calcium hydroxide 98+% ( Acros), 5.4 mole of orthophosphoric acid 85% RPE-ACS (Carlo) and 0.6 mole
of boric anhydride (Sigma — Aldrich) were stirrer for 12 h. The 20BHA powder was filtered and then dried at
100°C for 24 h. The cement powder was crushed with mortar and passed through a 325 pum sieve. The 20BHA
powder was characterized the phase and chemical structure by XRD and FT-IR techniques.

The crystalline structure of 20BHA powder was determined by X- ray Diffraction ( XRD) using Philips:
X pert diffractometer, the powder was analyzed with Cu-Kg radiation (A = 1.5406 nm) produced at 40 kV.
The powder was measurement the properties by XRD analysis program (Panalytical/ Expert 2Theta). The data
corrected from 20 = 10-60°. The XRD result was compared to Joint Committee Powder Diffraction Standard
(JCPDS). The lattice parameters of hydroxyapatite a- and c-axis (A) for hexagonal structure were calculated

from peak (0 0 2) and (2 2 2), respectively by using equation 1 (Cullity, 1978)

(h2+h-k+k2) 1 )
2~ 3 a? e

where d is distance (A) between adjacent planes in the set of Miller indices (h k 1).

The percentage of crystallinity (%X,) for sample was identified using the equation 2;

I300 — "112/3|m

%X, = - 100 (2)

I300

Where, 1300 is intensity of (3 0 0) diffraction peak and V1127300 is the intensity of the trough between
(112) and (300) reflections, which completely disappears in noncrystalline samples (Landi, Tampieri, Celotti,
& Sprio, 2000).

The middle infrared spectroscopy (FT-IR) was using to study the chemical structure that obtains in material,
the cement powder was analyzed by Attenuated Total Reflection (ATR) mode and the spectra recorded by
Nicolet 6700 in the range 400-4000 cm™" with a resolution of 5 cm ™.

Cement characterization

20BHA powder was mixed with setting solution for a cement application. In this case, we used the citric
acid in different concentrations, 0% , 10% and 20% were studied and using the liquid/ powder ratio ( L/ P
ratio) of 0.8 ml/g. The mixture was transferred to molds and cured at room temperature. The specimens were
performed with cylindrical dimensions; 6 mm in diameter and 12 mm in height. All specimens were incubated
at the room temperature for 21 days. Compressive strength was determined according to American Standard Test
Method ( ASTM F451-9a) (ASTM 1999) by the Universal Testing Machine ( UTM) at room temperature
with 5 kN load cell a crosshead speed of 1.0 mm/ min and replicated 5 pieces/ sample. All specimens were
determined the phase transform by XRD. The morphology of specimens were observed by SEM ( QUANTA
450, FEI, USA) at magnification 10,000x.
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Resuilts

Synthesis and characterization of 20BHA powder

The phase composition analysis was determined by X-ray diffraction (XRD). Data was identified with
reference to Joint Committee on Powder Diffraction Standards (JCPDS) files. From Figure 1 show the XRD
pattern of 20BHA powder was found phase similar to synthetic HA (Ca,,(PO,),(OH),) of JCPDS number
74-0565. In addition, the pattern showed broadened peak and inconsiderably separated to each other, providing
the low crystallinity degree in powder (Kolmas et al., 2017).
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Figure 1 XRD pattern of 20BHA. Sample was dried at 100°C for overnight. ll JCPDS number 74-0565.

Table 1 Lattice parameter (a and c), unit cell volume and Crystallinity (%X_), and of HA synthetic (HA syn) and 20BHA

Samples Lattice Parameter

Name a [ Unit Cell Volume % Crystalline
HA syn 9.3978 6.8930 527.22 60.91
20BHA 9.3533 6.8536 519.26 55.42

Table 1 shows that both of unit cell volume and %crystallinity of 20BHA are decreased with the addition of
B*" in the HA structure, due to the ionic radius of the B** (90 pm) being smaller in size than P** (110pm)
these is result to decreased both of unit cell volume and %crystallinity.

The FT-IR spectra of the 20BHA sample is shown in Figure 2. It was found that the peak at 2864
cm™'~ to 3697 cm™' and at 1657.11 cm™ assigned to OH™ group and a broad peak at 1424.05 — 1480.82
cm™! is assigned to C-O stretching of CO,>” (Fleet, 2009). The peak at 1226.85 cm™ and 757.74 cm™" are
represeated a borate group (BOaz') (Temane et al., 2002) at 1011.72 cm™' and 467.91 cm '~ 605.36
cm”' of the peak assigned to P-O bend PO,*".
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Figure 2 The IR spectra of 20BHA powder was synthesized by Co-precipitation method and dried at 100°C ovemight.

From the XRD results ( Figure 1) we cannot identified the substitution of borate in HA structure, but the
borate substituted replace phosphate group in HA structure shown in FT-IR spectrum (Figure 2) that presented
the peak of borate functional group at 1226.85 cm™', 757.74 cm™ and 721.89 cm™.

Cement characterization

1. Compressive strength of Cement

Compressive strength of 20BHA cement after mixed the various concentration of citric acid were
determined by Universal Testing Machine, showed in Figure 3. The result is shown that the compressive strength

increased gradually, the concentration of citric acid increased.
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Figure 3 Compressive strength of the 20BHA with different concentration of citric acid after 21 days of setting

2. Morphology of 20BHA cement
The observation the morphological properties of 20BHA samples were investigated by SEM. From the
Figure 4 (a) — (c), showed the microstructure of 20BHA with 0, 10 and 20% citric acid after 21 days,
respectively. The particles size of 20BHA plates— like are decreased with the increase the citric concentration.
These is results in the influence of citric acid that inhibit the 20BHA particles growth. ( Tenhuisen & Brown,
1994).
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Figure 4 The SEM images of 20BHA with (a) 0%wt citric acid, (b) 10%wt citric acid and 209wt citric acid
after 21 days of setting

3. Phase analysis
The XRD results of the 20BHA with 0, 10 and 20% citric acid are shown in Figure 5. The 20BHA
with 09, 10% and 20% citric acid after 21 days setting have the XRD patterns similar to synthetic HA (JCPDS
No. 74-0565). The crystallinity (%X_) can be calculated from XRD pattern, the data is given to Table 2. The
concentration of citric acid has influence to 20BHA” s crystallinity ( % X_) . These results also suggest that the
concentration of citric acid are increase which leads to increase in the % X_. The results are in accord with the

compressive strength results.
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Figure 6 XRD patterns of the 20BHA with different concentration of citric acid after 21 days of setting.

Table 2 Crystallinity (%X,) of 20BHA with different concentration of citric acid after 21 days of setting.

Samples Name Crystallinity (%X,)
20BHA powder 55.42
20BHA with 0%¢Citric acid 67.08
20BHA with 10%Citric acid 70.13
20BHA with 20%Citric acid 75.69
Discussion

This work performed to test the boron substitution into HA structure could be synthesized by wet chemical
method at low temperature without control atmosphere that can be confirmed by XRD and FT- IR results. The
XRD result showing the 20BHA has a structure similar to synthetic HA. From the low- temperature synthesis
condition can be occurred the CO, contamination into HA structure (Anwar, Asghar, Kanwal, Kazmi, & Sadiqa,
2016) which indicated the carbonyl group are shown in FT-IR result.

From the XRD and FT-IR results of 20BHA powder are shown successfully substituted boron (B) into the
HA structure, so the chemical formula would be Ca,,(PO,), 4.,(CO,),(BO,), ,(OH),.

The concentration of citric acid appeared affect to compressive strength and morphology of 20BHA cement,
it could be demonstrated by citric acid has inhibited the 20BHA particles growth as showed in SEM image
(Figure 4). SEM images confirmed the particle size of 20BHA are decreased with increased citric acid

concentration. The calculation of % X indicated that when increasing the level of the citric acid concentration
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has a significantly effect to %X_. However, some area for additional research are apparent from work presented
in this research that would be interesting in the further experimental.

Conclusion

20BHA was synthesized via the co- precipitate method and preparation proceeded successfully that can be
confirmed by XRD and FT-IR. However, the atmosphere has affected to the carbonated contamination of HA
structure. In addition, 20BHA sample contains the boron in the form of borate (Bo;") ions and replace by
PO,*" group. The crystalline of HA decreased when among of boron increased. The SEM results can be confirmed
both of XRD and compressive strength results. Citric acid has a significant effect on the compressive strength

properties of cement.
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