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 Abstract 

Scaffold in the form of nanofibers in bone tissue engineering applications continues to 

be developed. In this study, nanofibers are composed of PVA/CS/HAp with 

characteristics that can support medical applications such as bone tissue engineering. 

Vacuum plasma treatment was carried out to modify the nanofiber surface. The results 

of the morphological analysis showed that the vacuum plasma treatment of oxygen gas 

caused the surface of the PVA/CS/HAp nanofibers to become rougher with a change in 

diameter. Before the oxygen gas vacuum plasma treatment, the diameter of the nanofiber 

had a range of 83–365 nm. After the oxygen gas vacuum plasma treatment, the diameter 

had a size range of 105–293 nm. Furthermore, the vacuum plasma treatment carried out 

showed increased hydrophilic properties. The average contact angle values before and 

after oxygen gas vacuum plasma treatment were (39.0 ± 0.0005)° and (10.3 ± 0.0005)°, 

respectively.  

Keywords: Vacuum plasma, nanofiber, morphology, hydrophilic. 

 

1. Introduction 

Biomedical technology is being developed in terms of bone tissue engineering to repair damaged bones 

[1], [2]. In order to optimize tissue regeneration, the development of tissue engineering products in the 

form of scaffolds is continuously being carried out [3]. The characteristics of the scaffold can be 

influenced by the material used. Hydroxyapatite (HAp) is one of the suitable biomaterials as a scaffold 

material because it is bioactive and biocompatible with bone tissue [4]. In addition, studies of HAp have 

not shown inflammatory response, pyrogenetic, and toxicity [5], [6]. HAp can be used to replace 

damaged bone tissue due to bone abnormalities, fractures, cancer, and others. However, HAp has the 

disadvantage of high fragility [7].  

Therefore, it is necessary to add a polymer to reduce this weakness. The natural polymer that is 

suitable for combining with HAp is Chitosan (CS). CS has been widely developed for drug formulations 

because it is non-toxic, biocompatible, bioactive, and biodegradable [8]. In addition to CS, Polyvynil 

Alcohol (PVA) was chosen in this study. The selection of PVA is based on the nature of this material, 

which is non-toxic, hydrophilic, biocompatible, and biodegradable. Besides that, PVA has the ability to 

form fibers when electrospinning [9]–[11]. 

In tissue engineering, scaffolds must have hydrophilic properties to support and avoid failure 

during implantation. One way to increase the hydrophilic properties of nanofibers is to modify the 

surface of the nanofibers using vacuum plasma treatment. Plasma treatment is suitable for surface 

modification without changing the material's properties [12], [13]. In this study, a plasma technique was 

used by firing oxygen on the surface of the scaffold so that plasma ions were excited [14]. Oxygen gas 

was chosen because oxygen ions are quite reactive on the surface of the PVA/CS/HAp nanofibers to 

produce changes on their surface without any side effects on their physical structure [15]. Research on 

PVA/CS/HAp with modified oxygen gas vacuum plasma has yet to be widely reported. In this study, 

vacuum plasma treatment on PVA/CS/HAp nanofibers will be studied further, especially on the surface 
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morphology and hydrophilic properties, which significantly influence bone tissue engineering 

applications. 

 

2. Method 

2.1. Synthesis of HAp 

The synthesis of HAp was initiated by dissolving as much Ca(OH)2 into HNO3 to obtain a solution of 

Ca(NO3).2H2O using a magnetic stirrer at a speed of 400 rpm and temperature of 30 °C for 30 minutes. 

Dropped with Ca(NO3).2H2O solution on the solution of (NH4)2HPO4. After that, drop in NH4OH until 

the pH of the solution reaches 9–10. The chemical reaction for synthesis HAp showed in Equation 1. 
 

10Ca10(NO3)2.2H2O(aq) + 6(NH4)2HPO4(aq) + 8NH4OH(aq) → Ca10(PO4)6(OH)2(s) + 20NH4NO3(aq) + 46H2O(l) (1) 
 

The solution was deposited for 12 hours. The precipitate was washed using DI water until the pH reached 

7–8, filtered using fine filter paper, and then sonicated for 30 minutes. All samples were dried at 100 °C 

for one hour, so H2O levels disappeared. The sample is ready to be XRD characterized to determine the 

purity of the phase, crystal grain size, and crystallinity. SEM EDX to determine the structure and Ca/P 

ratio of the sample. 

 

2.2. Synthesis of PVA/CS/HAp Nanofiber 

Dissolve 8% and 20% HAp in 5 ml of aquades was then stirred at a speed of 700 rpm and room 

temperature for 30 minutes. The volume of the 5 mL PVA/CS polymer solution that had been prepared 

was reduced by 0.5 mL and then stirred at a speed of 700 rpm at 130 °C for 2 hours until it was 

homogeneous. The solution was sonicated for 60 minutes. After that, the solution was an electrospinning 

voltage of 12 kV and a flow rate of 50 µL/minute for 30 minutes. Make initial observations using an 

optical microscope to see the formation of nanofibers. Treatment of plasma vacuum of oxygen gas 

pressure is set to 30 Pascal, voltage to 100 kV. FTIR and SEM then characterized the PVA/CS/HAp 

composites. Figure 1 shows the synthesis procedure of PVA/CS/HAp nanofiber. 

 

2.3. Characterizations  

The characterization instrument used in this study was X-Ray Diffraction (XRD) brand PANalytical 

type X'Pert Pro which was used to determine the crystal phase, crystallite size, and lattice parameters. 

The Shimadzu brand FTIR characterization was carried out to determine the functional groups and 

compounds contained in the sample. The morphology of PVA/CS/HAp nanofibers before and after 

treatment was characterized by SEM brand FEI (Inspect S50). The hydrophilic properties of 

PVA/CS/HAp nanofiber were measured by measuring the contact angle of the water droplets as much 

as 15 µL above the sample surface. 

 

 
 

Figure 1. Synthesis of PVA/CS/HAp nanofiber. 
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Figure 2. XRD pattern of HAp nanoparticles. 

 

3. Result and Discussion 

3.1. XRD Studies of HAp Nanoparticle 

Figure 2 shows the XRD diffraction pattern of HAp. The synthesis of HAp by coprecipitation for 12 

hours resulted in the Brushite phase. The synthesis method was coprecipitation with a deposition time 

of 12 hours. Based on the XRD results, Brushite peak characteristics were detected in the sample. 

Brushite is a phosphate mineral found in bones and teeth with the chemical formula CaHPO4.2H2O [16]. 

The influence of an inappropriate pH can cause the presence of the brushite phase during synthesis. 

Previous studies have shown that synthesizing calcium phosphate with a pH > 7 will produce HAp, 

while at pH < 7 can produce brushite [17]. 

The results show the Brushite phase has lattice parameters a = 5.819 Å, b = 15.1816 Å, c = 6.2496 

Å, α = γ = 90°, and β = 25.78° with a monoclinic crystal structure and group space I1A1 and the 

crystallite size was 39.15 nm. In addition, the degree of crystallinity in this study is calculated using 

Equation 2. 
 

χ
c
= 

Area Fraction of Crystal

Area Fraction of Crystal + Area Fraction of Amorf
×100% (2) 

 

The calculation using Equation 2 shows that the degree of crystallinity results is 44.80%. This value 

fulfills the crystallinity level that must be met in the body, around 40–60%. ISO standardized 

specifications (ISO 13779-1: 2000) state that to make HAp coatings that have sufficient mechanical 

strength, at least they must have a degree of crystallinity of more than 45%. 

 

3.2. Morphology of HAp Nanoparticles 

The synthesis of HAp using the coprecipitation method in this study produced HAp in the form of 

partially agglomerated nanoparticles. The occurrence of agglomeration can occur due to van der Waals 

forces, which has a significant effect because it has an extensive surface area to volume ratio. It causes 

the nanoparticles to agglomerate to get the particles in a stable state [18]. Morphological analysis of 

HAp using SEM-EDX, as shown in Figure 3a. The average diameter of HAp is 46.8 ± 11.11 nm with a 

diameter distribution of 26.9–74.4 nm, porosity is 77%, and Ca/P ratio is 1.49 (Figure 3b). The Ca/P 

ratio of HAp is 1.49. This result is lower than the theoretical Ca/P ratio of 1.67 [19], [20]. 
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(a) (b) 

 

Figure 3. (a) Morphology and (b) diameter distribution of HAp nanoparticles.  

 

3.3. FTIR Analysis of PVA/CS/HAp Nanofiber 

From the results of the FTIR spectra in Figure 4, the characteristics of the functional groups of PVA, 

CS, and HAp in the nanofibers can be seen, where the PVA functional groups are CH, CO, and OH [21], 

[22]. The CS functional groups are NH and CH [23], and the HAp functional groups are OH, CO3, and 

PO4 [24]. The primary PVA spectrum can be observed in the C-H alkyl stretching band (2908 cm-1) and 

the hydroxyl band for pure alcohol that occurs in the unbonded –OH stretching (3343 cm-1). The 

absorption band C-O stretching occurs at a wave number of 1097 cm-1 due to the crystallinity of PVA 

[21], [22]. The spectrum of chitosan can be confirmed by the presence of peaks showing amino bonds 

at 1433 cm-1 (CH bending) and amide bonds at 3343 cm-1 (NH). Both groups were obtained from the N-

deacety-lation bond in chitin [23]–[25]. 

Based on the XRD results showing the formation of a brushite phase, previous studies reported 

that the HAp and brushite functional groups occur at the same wavelength [26], [27]. The presence of 

brushite and HAp in this study was confirmed by the stretching functional group CO3
2- (v3) at wave 

number 1433 cm-1 replacing –OH in the HAp lattice and CO3
2- (v2) at a wave number of 856 cm-1 

replacing PO4
-3. If both functional groups appear, it can be said that the sample is almost the same as the 

mineral in bone [28]. The band at a wave number of 581 cm-1 is due to the bending bond of PO4
-3 while 

the band at a wave number of 1092 cm-1 is due to the stretching bond of PO4
-3 [29]. 

 

 
 

Figure 4. FTIR spectrum of PVA/CS/HAp nanofiber. 
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Figure 5. Morphology of PVA/CS/HAp nanofiber (a) before treatment, and (b) after treatment. 
 

3.4. Morphology of PVA/CS/HAp Nanofiber 

Morphology before and after oxygen gas vacuum plasma treatment of PVA/CS/HAp nanofibers was 

analyzed using SEM. Oxygen gas vacuum plasma treatment is carried out to modify the surface of the 

scaffold PVA/CS/HAp nanofibers. It can be seen in Figure 5, PVA/CS/HAp nanofibers before and after 

oxygen gas vacuum plasma treatment, the morphology of the nanofibers looked different. 

The surface morphology of the PVA/CS/HAp nanofibers Figure 5a appears smoother with a 

uniform diameter. Furthermore, in Figure 5b, nanofiber changes in diameter size and surface 

morphology become rougher because of the broken fiber. That occurs because the oxygen gas vacuum 

plasma treatment is quite reactive on the surface of the PVA/CS/HAp nanofibers, causing changes to 

the surface [15]. In medical applications, the diameter of nanofiber scaffolds is in the range of 50–500 

nm [30]. In this study, the diameter of the nanofibers before treatment was in the range of 83–365 nm, 

while after the Oxygen gas vacuum plasma treatment, the diameter of the nanofibers was in the range 

of 105–293 nm, so both were in the nanofiber scaffold size range for medical applications such as bone 

tissue engineering. 

 

3.5. Hydrophilic Properties of PVA/CS/HAp Nanofiber 

The hydrophilic properties of the nanofiber can be determined by measuring the contact angle. If the 

contact angle is < 90°, the sample can be said to have hydrophilic properties. Otherwise, if  > 90°, the 

sample has hydrophobic properties. This study conducted the contact angle test on PVA/CS/HAp 

nanofibers before and after oxygen gas vacuum plasma treatment. Oxygen gas vacuum plasma treatment 

was carried out for two periods, 2 and 4 minutes. The results are presented in Table 1. 

The measurement of the contact angle showed that the duration of the oxygen gas vacuum plasma 

treatment increased the hydrophilic properties of the sample. The surface roughness of the sample can 

cause an increase in the hydrophilic nature of this sample. As in the SEM results (Figure 5), the surface 

morphology of the PVA/CS/HAp nanofibers became rougher after oxygen gas vacuum plasma treatment 

was carried out. These results are in accordance with previously reported research that vacuum plasma 

treatment can increase the hydrophilicity of a sample due to the influence of surface morphology which 

becomes rougher [31], [32]. 

 
Table 1. Contact angle values of PVA/CS/HAp nanofibers. 

 

Treatment Right Angle Left Angle Average 

Non-Treatment (38.6 ± 0.0005)° (39.5 ± 0.0005)° (39.0 ± 0.0005)° 

2 minutes (19.8 ± 0.0005)° (19.9 ± 0.0005)° (19.8 ± 0.0005)° 

4 minutes (10.2 ± 0.0005)° (10.5 ± 0.0005)° (10.3 ± 0.0005)° 
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4. Conclusion 

HAp based on minerals from limestone synthesized by the coprecipitation method shows the brushite 

phase (CaHPO4.2H2O) with a monoclinic crystal structure having a crystal size of 39.15 nm with a Ca/P 

ratio of 1.49. The influence of an inappropriate pH can cause the presence of the brushite phase during 

synthesis. Oxygen gas vacuum plasma treatment carried out on PVA/CS/HAp nanofibers affects the 

surface morphology of the composite to be rougher. In addition, PVA/CS/HAp nanofibers became more 

hydrophilic after oxygen gas vacuum plasma treatment. The contact angle had an average value of (39.0 

± 0.0005)° before treatment and decreased to (10.3 ± 0.0005)° after oxygen gas vacuum plasma 

treatment. 
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