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Abstrak 
Oseointegrasi adalah salah satu properti penting dalam pengembangan material untuk aplikasi implan tulang. 

Meskipun material logam biokompatibel seperti paduan titanium sudah memiliki properti biokompatibel bawaan 

yang sudah mencukupi sebagai material implan tulang, sifat oseointegrasi masih dapat ditingkatkan dengan 

pelapisan biokeramik. Kalsium karbonat (CaCO3) dan hidroksiapatit adalah dua biokeramik utama pada tulang yang 

dapat dimanfaatkan untuk meningkatkan sifat oseointegrasi pada material implan. Tantangan saat ini pada pelapisan 

biokeramik pada material implan adalah memperoleh metode pelapisan yang mudah diterapkan dan ekonomis untuk 

selanjutnya diterapkan di industri. Pada penelitian ini dilakukan sebuah metode yang sederhana untuk mendeposisi 

kalsium karbonat pada permukaan Ti-6Al-6Mo. Pada kegiatan ini digunakan dua larutan biomimetik yang sudah 

secara luas digunakan, yaitu PBS (phosphate buffer saline) dan SCS (supersaturated calcification solution) untuk 

membuat pembentukan kalsium karbonat pada permukaan Ti-6Al-6Mo. Pengamatan struktur mikro dan elemental 

dengan SEM (scanning electron microscope) – EDS (energy dispersive spectroscopy) menunjukkan keberadaan 

deposit kalsium karbonat pada permukaan Ti-6Al-6Mo. Lebih lanjut, analisa kristalografi dengan difraksi sinar-x 

(XRD) juga menguatkan keberadaan deposit kalsium karbonat pada permukaan Ti-6Al-6Mo. Metode yang diajukan 

juga diterapkan pada Ti murni (>95%) sebagai perbandingan dan diperoleh hasil yang serupa. Pengaruh durasi 

perendaman juga diamati dalam penelitian ini. Hasil dari imersi dengan durasi 7 dan 10 hari tidak menunjukkan 

perbedaan yang signifikan. 

 

Kata Kunci: Kalsium karbonat, implan, larutan kalsifikasi lewat jenuh, Ti-6Al-6Mo 

 

Abstract 
Osseointegration is one of important property in development of implant materials for orthopedic applications.  

While biocompatible metallic materials such as titanium alloys should already have adequate biocompatibility 

properties as implant materials, their osseointegration property could be further improved by bioceramic coating. 

Calcium carbonate (CaCO3) and hydroxyapatite are two major bioceramics in bones that can be utilized to improve 

the osseointegration property of metallic implant materials. Current challenge on bioceramic coating of metallic 

implant materials is to obtain coating method that is facile and economically feasible for implementation in the 

industry. The current activity proposes a simple and straightforward method to deposit calcium carbonate on Ti-

6Al-6Mo. Two common biomimetic solutions were utilized in current activity PBS (phosphate buffer saline) and SCS 

(supersaturated calcification solution) to induce the calcium carbonate formation on the Ti-6Al-6Mo surface. 

Microstructural and elemental observations by SEM (scanning electron microscope) – EDS (energy dispersive 

spectroscopy) has shown the presence of calcium carbonate on the surface of the Ti-6Al-6Mo. Moreover, the 

crystallography analysis by XRD (x-ray diffraction) also confirmed the formation of calcium carbonate on the 

surface of Ti-6Al-6Mo. We also studied the proposed method on pure Ti (>95%) as comparison and similar 

outcomes were also observed. The effect on duration of immersion was also accounted in current setting. The 

outcomes of immersion duration for 7 and 10 days were not significantly different. 
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1. INTRODUCTION 
As osseointegration is an important property 

to be considered in orthopedic implant material 

development. Osseointegration is defined as the 

capability for an implant material to integrate 

structurally and functionally into the bone living 

tissue [1]. While metallic orthopedic implant 

materials such as titanium alloys, cobalt alloys, 

and steel alloys might provide sufficient 

biocompatibility properties, their 

osseointegration property could be improved.  

One way to improve the osseointegration is 

by coating. The coating can be done by several 

methods such as biomimetic, electrodeposition, 

chemical or physical vapor deposition, and 

thermal spray or HVOF (high-velocity oxygen 

fuel) [2]. Among these methods, comprehensive 

studies have been focusing on the development of 

solution-based or biomimetic coating method of 

bioceramics onto various metallic implant 

materials including titanium alloys [3]. This 

coating method is preferable due to its ease of 

application which requires minimum instruments 

compared to other methods [4].  

The application of bioactive coatings on the 

surface of a titanium implant is one of the most 

important ways to improve the surface properties 

[5]. Moreover, the degradation of the bioactive 

coatings could be associated with the increased 

osteoconductivity and enhanced bone-implant 

contact [6]. Both calcium phosphate and calcium 

carbonate are resorbable in vivo. Calcium 

carbonate was widely known in the field of bone 

regeneration due to its biodegradation and 

osteconductivity [7]. However, the effectiveness 

of bioactive coating have not yet been 

demonstrated as the coating cannot be achieved 

using spray coating and spin coating since the 

bioactive layer will be decomposed by heat 

treatment [8]. 

Here, we propose a study about calcium 

carbonate deposition onto Ti-6Al-6Mo by the 

biomimetic route. The Ti-6Al-6Mo has been 

developed in previous research as a candidate to 

substitute the current standard implant material, 

Ti-6Al-4V due to its content of vanadium which 

might be toxic and harmful if released [9]-[12]. It 

is expected that the deposition of calcium 

carbonate would improve its biocompatibility 

properties. 

 

2. MATERIALS AND METHODS 
2.1. Sample Preparation 

There are two variants of the sample: pure 

Ti (>95%) and Ti-6Al-6Mo. The pure Ti sample 

was commercially obtained as a rod which was 

cut into a 5x5x2 mm plate using a wire cut. The 

Ti-6Al-6Mo was alloyed using an arc furnace and 

rolled into a plate which was then cut into a 

5x5x2 mm plate using a wire cut. The mechanical 

and microstructural properties of the Ti-6Al-6Mo 

can be found in previous publications [9]-[12]. 

The Ti and Ti-6Al-6Mo plates were then cleaned 

using ethanol, acetone, and aquadest in an 

ultrasonic water bath for 15 minutes each. After 

that, the samples were air-dried at room 

temperature. 

 

 
 

Figure 1. Titanium and Ti-6Al-6Mo plates 

 

2.2. Solution Preparation 

The PBS (phosphate buffered saline) and SCS 

(supersaturated aclcification solution)  solutions 

are two among various synthetic chemical 

solutions that have similar ionic properties with 

human body fluid. They have been used in 

various research involving biomimetic methods 

and simulation tests on biocorrosion of implant 

materials in the human body. The PBS solution 

was prepared as standard stock in the laboratory. 

The PBS solution composition is shown in Table 

1. Meanwhile, the SCS solution was prepared by 

mixing CaCl2.2H2O, NaH2PO4.H2O, and 

NaHCO3 in deionized water [13]. The SCS 

solution composition is shown in Table 2. 

 
Table 1. PBS (phosphate buffered saline) solution 

composition 

Component Concentration (mM) 

NaCl 137 

KCl 2.67 

Na2HPO4 8.10 

KH2PO4 1.47 

CaCl2 0.90 

 
Table 2. SCS (supersaturated aclcification solution) solution 

composition 

Component Concentration (mM) 

CaCl2.2H2O 5.0 

NaH2PO4.H2O 2.5 

NaHCO3 1.5 

Ti TiAlMo 
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2.3. PBS and SCS Immersion 

Following sample and solution preparation, 

the pure Ti and Ti-6Al-6Mo plates were grouped 

depending on the solution and duration for 

immersion. Both pure Ti and Ti-6Al-6Mo plates 

were fully immersed in horizontal orientation. 

The immersion durations were varied for 7, 10, 

and 14 days in ambient temperature. The usual 

immersion time for the biomimetics method 

using SBF (simulated body fluids) is 7 days. By 

prolonging the duration of immersion to 10 and 

14 days, the deposition of CaCO3 preferably 

became thicker or covered the surface of the 

plates more evenly. The immersion solutions 

were replaced every two days to keep the ionic 

concentration stable. Table 3 shows the sample 

grouping with immersion solution and duration 

variations.  

 
Table 3. Sample Ti and TiAlMo grouping 

Sample code 
Immersion 

solution 

Immersion 

duration 

(days) 

Ti SCS7 SCS 7 

Ti SCS10 SCS 10 

Ti SCS14 SCS 14 

TiAlMo SCS7 SCS 7 

TiAlMo SCS10 SCS 10 

TiAlMo SCS14 SCS 14 

Ti PBS7 PBS 7 

Ti PBS10 PBS 10 

Ti PBS14 PBS 14 

TiAlMo PBS7 PBS 7 

TiAlMo PBS10 PBS 10 

TiAlMo PBS14 PBS 14 

 

2.4. Cleaning and Drying  

After immersion under specified duration, 

the pure Ti and Ti-6Al-6Mo were washed using 

distilled water and dried on a hotplate at 60 °C 

for an hour. 

 

2.5. XRD and SEM Characterizations 

All pure Ti and Ti-6Al-6Mo plates were 

immersed and dried before characterized using 

SEM-EDS (scanning electron microscope-energy 

dispersive spectroscopy) and XRD (x-ray 

diffraction). XRD characterization would provide 

information regarding elemental formation in the 

samples. XRD characterization was conducted at 

2θ = 20-120° using XRD Bruker with Cobalt x-

ray source. The morphological and chemical 

composition of calcium carbonate deposition was 

observed using SEM coupled with EDS. The 

SEM instrument used was JEOL JSM-6390A 

model with 250X and 500X magnification. The 

samples were coated using gold sputtering for 20 

seconds to prepare the surface conductivity for 

SEM investigations. 

 

3. RESULTS AND DISCUSSIONS 
Figures 1(a)-1(c) and 2(a)-2(c) presented the 

morphological of Ti and Ti-6Al-6Mo plates that 

were immersed in PBS (phosphate buffered 

saline).  

 

 
(a) 

 
(b) 

 
(c) 

Figure 1. Surface morphological of (a) Ti PBS7, (b) Ti 

PBS10, and (c) Ti PBS14 

 
The surface morphological examination of 

Dulbecco’s PBS immersed Ti and Ti-6Al-6Mo 

plates show an uneven and rough surface with 

varied surface topography. The surface looks 

homogenous with no distinctive or visible 

deposition of calcium carbonate whether, on 7 

(Ti PBS7 & TiAlMo PBS7), 10 (Ti PBS10 & 

TiAlMo PBS10), or 14 days (Ti PBS14 & 

TiAlMo PBS14) immersed plate. 
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(a) 

 
(b) 

 
(c) 

Figure 2. Surface morphological of (a) TiAlMo PBS7, (b) 

TiAlMo PBS10, and (c) TiAlMo PBS14 

 

The surface morphological of SCS 

(supersaturated calcification solution)  immersed 

Ti and Ti-6Al-6Mo plates were shown in Figs. 

3(a)-3(c) and Figs. 4(a)-4(c). The surface 

morphological of SCS-immersed Ti and Ti-6Al-

6Mo plates showed similar features to the PBS 

immersed one, which is uneven and rough. The 

difference with the PBS group was there is some 

whitish deposition of suspected calcium 

carbonate on the SCS immersed group. The 

suspected calcium carbonate deposit was not 

uniformly covered the surface and looked 

agglomerated, as shown in Figs. 3(a)-3(c) and 

Figs. 4(a)-4(c). All of the plate surfaces didn’t 

have a good, uniform morphology as shown by 

the SEM (scanning electron microscope) results. 

This could be attributed to the wire cut process 

and no polishing treatment after cutting. The 

polishing process could increase the uniformity 

of the surface and reduce the extreme differences 

of the surface contour [14]. The extreme contour 

of the plate surfaces made it hard to characterized 

using AFM (atomic force microscope). The AFM 

probes couldn’t generate the surface images due 

to the height of one part of the surface were too 

high while the other part was too low. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Surface morphological of (a) Ti SCS7, (b) Ti 

SCS10, and (c) Ti SCS14 

 

 
(a) 
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(b) 

 
(c) 

Figure 4. Surface morphological of (a) TiAlMo SCS7, (b) 

TiAlMo SCS10, and (c) TiAlMo SCS14 

 

 

 

 

 
Figure 5. EDS mapping of TiSCS7 surface 

 

The element mapping of Ti SCS7, Ti SCS10, 

and Ti SCS14 was shown in Figs. 5-7. The white 

color of EDS (energy dispersive spectroscopy) 

mapping results indicates the whitish compound 

on the plate surface as calcium, while the other 

color showed on the mapping results are 

indicating other elements. This could be an 

indication of calcium carbonate deposition was 

successfully deposited using the biomimetic route. 

The mapping also shows that the calcium was not 

uniformly covered the plate. 

 

 

 
Figure 6. EDS mapping of TiSCS10 surface 

 

 

 
Figure 7. EDS mapping of TiSCS14 surface 

 

Figures 8(a)-8(c) and 9(a)-9(c) show the 

XRD (x-ray diffraction) characterization results 

of the SCS immersed plate. Based on XRD 

results in Figure 8(a)-(c) it was confirmed that 

the calcium on the surface was calcium carbonate.  
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(a) 

 
(b) 

Figure 8. XRD plot of (a) TiSCS7 and (b) TiSCS10 

immersed in SCS for 7 and 10 days 

 

The Ti SCS7 was immersed for 7 days 

shows higher intensity than Ti SCS10 which was 

immersed for 10 days. This could be attributed 

due to the calcium carbonate on Ti SCS7 was 

more agglomerated than the calcium carbonate 

on Ti SCS10. The quantitative analysis of 

TiSCS7 and TiSCS10 shows a similar trend with 

the peak intensity. The TiSCS7 has 25.19 wt.% 

of CaCO3 while TiSCS10 got 15.77 wt.%. This 

indicates the longer the immersion time doesn’t 

always affect positively on CaCO3 deposition 

process. 

The Ti-6Al-6Mo plates which were 

immersed in SCS also indicated the calcium 

carbonate formation as shown in Figs. 9(a)-9(c). 

The intensity of the CaCO3 XRD peak on the Ti-

6Al-6Mo group increased a little along with the 

increasing duration of immersion. On the other 

hand, the quantitative analysis of the XRD shows 

conflicting results with the intensity of the peak. 

TiAlMoSCS7 has 33.58 wt% and TiAlMoSCS10 

has 29.44 wt% of CaCO3. This shows the higher 

intensity of the peak doesn’t always go hand in 

hand with the quantity of the compounds. The 

thickness of CaCO3 deposition on the 7th, 10th, 

and 14th day couldn’t be determined whether 

using SEM or AFM. The AFM probe couldn’t 

generate the image of the surface due to the 

extreme difference of the plate’s surface contour.  

 

 
(a) 

 
(b) 

Figure 9. XRD plot of (a) TiAlMo SCS7 and (b) TiAlMo 

SCS10 immersed in SCS for 7 and 10 days 

 

Molybdenum is selected due to its high 

capability as a beta phase stabilizer and more fair 

price compared to vanadium [9]. The previous 

experiment has shown that the Ti-Al-Mo 

exhibited both alpha and beta phases with 

hardness value ranges from 35 to 40 HRC in 

various thermomechanical conditions [9]. A 

previous study also suggested that solution-

treated followed by air quenching promotes the 

hardness value of Ti-Al-Mo compared to water 

quenching due to higher alpha phase intensity 

compared to alpha’ (α’) and beta (β) phases [10].       

The agglomerated and uneven deposit of 

calcium carbonate on the plate surface shows the 

deposition process was not fully complete. There 

is multiple causes which contributed to the 

incomplete deposition of calcium carbonate. First, 

it could be attributed to the lack of active ion on 

the plate surface. While using the same SCS 

formula, our findings differ from Ciobanu et al. 

This might be due to differences in the method. 

Here, the sample didn’t expose to strong 

acid/base solution before immersion in SCS. In 

Ciobanu et al, the samples were alkaline treated 

using NaOH before treatment using SCS to form 

sodium titanate (Na2Ti5O11) on the Ti-6Al-4V 

surface. In SCS, the sodium ions are released and 

exchanged with H3O ions forming Ti-OH groups. 
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Later, the Ca ions merge with the Ti-OH groups 

forming amorphous calcium titanate. Finally, the 

calcium titanate merges with phosphate ions 

forming amorphous calcium phosphate. Their 

result was validated by SEM-EDS and XRD [13].      

Another titanium pre-treatment to improve 

the calcium carbonate deposition is via heat 

treatment to transform the surface into rutile 

which proved to be highly bioactive [15]. The 

method to transform the inert native oxide of 

titanium surface into rutile consist of oxidizing 

the titanium plate in a furnace at 500-800 °C with 

1 hour holding time, followed by furnace cooling 

after the plate is cleaned in an ultrasonic bath. 

This process will affect the zeta potential of the 

titanium surface. When the Ti plate had a 

positively charged surface, it will selectively be 

adsorbing the negatively charged chloride ions 

onto the surface. As the chloride began to 

accumulate the surface charge has become 

negative, therefore the positively charged 

calcium ions are adsorbed on the surface to form 

a calcium carbonate layer [16]. 

The immersion solution temperature also 

held an important role in the deposition process 

of the biomimetic route. The temperature should 

be around 36-37 °C to mimic human body 

temperature [17].  

The future experiments should include the in 

vitro test to confirm the bioactivity and 

biocompatibility of the calcium carbonate 

coating. 

 

4. CONCLUSIONS 
 The deposition of calcium carbonate on Ti 

and TiAlMo plate using biomimetic route were 

performed. Micrograph and elemental 

observations show the presence of calcium 

carbonate on the surface of the Ti-6Al-6Mo 

immersed in SCS. The outcomes of immersion 

duration for 7 and 10 days were not significantly 

different. Similar outcomes were also observed 

on the pure Ti samples. 
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