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ABSTRACT 

 

Present work described the effect of natural stabilizers on Ca/P on naturally 

synthesised and Eco-friendly Nano-HAP powders.Nano- powders were 

preparedemploying wet chemical precipitation method by adjusting Ca/P 

between 1.5 to2.2,using different Natural Stabilisers (NSs)such as Rice Water 

(RcW), Soya Milk (SM), Tea Decoction (TD), Tulsi Leaves (TL), Soya Leaves 

(SL), Rose Petals (RP), Spinach Leaves (SpL), Gum Kondagogu (GKg) and Aloe 

Vera (AlV)as precursors.  The pH of the powders was varying from 8.1 to 

12.8.In this paper, the average crystallite sizes of the samples, pH, therate of 

reaction, initial temperature and Ca/P of synthesised powders are reported. 

Keywords : Nano-HAP, Wet-chemical precipitation, Natural Stabilisers (NSs), 

pH,Ca/P 

 

I. INTRODUCTION 

 

Hydroxyapatite (HAP) chemically an inorganic 

component of bone and teeth, with stoichiometric 

formula Ca10(OH)2(PO4)6 and Ca/P =1.67[1,2].It has 

been reportedthat the application of micro sized HAP 

to bone regeneration is not satisfactory, due to its size. 

In addition to that,treatment duration using micro 

sized HAP is very long. Thus, the nano-HAP 

synthesis has taken a great lead in dental and 

orthopaedic treatments. In recent years, development 

in applying Nano biology approach to Hydroxyapatite 

is based on the concept that the mineral atoms 

arranged in a crystal structure of HAP can be 

substitutedand / or incorporated by the other mineral 

atoms.  

The basic elements of crystals composed of atomic 

minerals in certain geometric patternsand their 

relationship to the bone cell bioactivity have opened 

opportunities for nano-HAP applications in dental 

care, orthopaedics and treatment of osteoporosis. The 

behaviour of mineral atoms in the substitution have a 

better impact on the management of its treatment[3]. 

Significant research efforts have been bestowed to 

develop the preparation and morphological changes 

of HAP. HAP Powders with various morphologies 

have been synthesized by means of solid-state 

reaction [4,5], sol-gel method [6,7],template direct 
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method[8,9],hydrothermal method[10,11]and micro 

emulsion [12,13]or emulsion technique [14]. However, 

the most convenient and commonmethod to prepare 

HAP powders is the wet chemical precipitation 

method. 

Present efforts are accordingly focused on preparing 

nano-powders of HAP using wet chemical 

precipitation method under normal conditions of 

pressure and temperature, investigating the changes 

in its pH, rate of reaction, initial temperature and 

Ca/P. Nano- HAP powders have been prepared using 

Natural Stabilisers (NSs) as precursors.  

 

II. Experimental Section 

2.1. Materials 

Calcium Hydroxide Ca(OH)2 M= 74.09 g/mol (Merk 

Life SciencePvt. limited, Mumbai, India),  Ammonia 

solution NH4OH, M= 17.03 g/mol (Merk Life Science 

Pvt. limited, Mumbai, India), Orthophosphoric Acid 

H3PO4 (Merk Life Science Pvt. limited, Mumbai, India) 

and 15ml of solutions made out of nine Natural 

Stabilisers such as Rice Water (RcW), Soya Milk (SM), 

Tea Decoction (TD), Tulsi Leaves (TL), Soya Leaves 

(SL), Rose Petals (RP), Spinach Leaves (SpL), Gum 

Kondagogu (GKg) and Aloe Vera (Alv). 

 

2.2. Synthesis 

Nano-HAP has been synthesised by a wet chemical 

precipitation method following the reaction proposed 

by Yagai and Aoki as indicated by Bouyer et al.[15]. 

 

10 Ca (OH)2+ 6H3PO4→Ca10(PO4)6 (OH)2 + 18H2O(1) 

[16]. 

The shape, size and specific surface area of the nano-

HAP particles obtained by this method are very 

sensitive to the reactant addition rate and to the 

reaction temperature. This determines the purity of 

the synthesized nano-HAP and is linked strongly to 

the pH obtained at the end of the synthesis and to the 

suspension stabilisation [17]. 

 

10 Ca (OH)2+ 6H3PO4+ 20 NH4OH→Ca10 (PO4 )6 

(OH)2+ 20 NH3 + 38H2O(2) 

Ammonium Hydroxide is used as a leaving agent or 

acidity regulator in food and drug administration and 

is generally recognised as a safe reagent. Its pH 

controlling abilities make it an effective antimicrobial 

agent. Aqueous ammonia is an excellent acid 

neutraliser [18]. 

2. 3. Present approach for synthesis 

The modification of nano-HAP is developed using 

natural stabilisers has resulted in homogeneous 

precipitation.The wet chemical precipitation method 

offers molecular level mixing of these NSs that are 

capable of improving chemical homogeneity of 

resulting nano-HAP to an agreeable extent. Nano-

HAP synthesis requires calcium to phosphorous molar 

ratio 1.67. A number of combinations of NSs were 

employed during this wet-chemical precipitation.  

Recent trends towards use of plant based natural 

products demand synthetic additives with natural 

ones.Soymilk are used as a nutrient alternative for 

natural milk. Fortified soymilk has 109 calories 

consisting of 5g Fats, 0.5g Saturated fats, 6g sugar, 7g 

proteins 30% calcium, 30% vitamin D. This data is 

collected from the USDA Nutrient Database. Soymilk 

contains same amount of calcium as milk. It is the 

best alternative for people who do not consume milk 

due to allergies and lactose intolerance or cultural and 

religious reasons. Soymilk is a good source of organic 

product for bone health [19, 20]. 

RcW is a healthy solution which contains chock full 

of vitamins, minerals and amino acids. It is also a 

powerful antioxidant that contains anti-inflammatory 

properties [21].  The rice grain consists of 13.57% 

moisture and 0.92% of fat and has highest fibre 

contents of 0.85% and carbohydrate content 82.7%. It 

contains Calcium, Zinc and Iron and is dependent on 

quality of rice.  It is a non-inflammatory substance 

and works as a dispersant to control the 

agglomeration process [22] 

Tea is the most widely consumed human beverage 

and rich in flavonoids, which causes significant 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 8 | Issue 4 

Sreedevi Nimishakavi et al Int J Sci Res Sci Eng Technol, July-August-2021, 8 (4) : 258-263 

 

 

 

 
384 

endothelium dependent vasodilatation. Tea decoction 

contains antioxidants, reduces the risk of heart attacks, 

helps to protect bones, decreases systolic blood 

pressure, cholesterol and it also acts as an anti-

microbial agent. It has vitamin K, B2, Minerals 

sodium, potassium, calcium magnesium copper and 

manganese. It has micronutrients carbohydrates and 

proteins [23]. 

Plant extracts are regarded as one of the most 

promising natural reducing agents, as metabolites, 

proteins and co-enzymes that help to synthesise metal 

and metal nano-particles. Gum Kondagogu has 

antibacterial properties that can stabilise 

nanoparticles. It also has natural compounds such as 

vitamins, proteins, peptides and sugars which provide 

suitable reducing and surface agents for the nano 

particle synthesis and stabilization [24]. 

Tulsi leaves has high amount of anti-microbial, 

hypoglycemic, immune-modulators, anti-stress, 

analgesic anti pyritic, anti- inflammatory anti-

ulcergenic, anti hypertensive, radio-protective, anti-

tumour, anti-bacterial properties. Dental plaque most 

commonly implicates microorganisms in the 

causation of periodontal disease. To reduce their 

levels in the oral cavity is one of the rationales for the 

prevention and control of periodontal disease. Tulsi 

leaves reduce spermatogenesis by retarding Sterols 

cells active [25]. It has an ability to protect the DNA 

from dangerous radiations. Fresh leaves of this 

medicinal plant and its essential oils have shown 

more antibacterial properties [26]. Scientific literature 

survey yields no documentation on Ocimum Sanctum 

against the preparation of dental materials nano-HAP. 

Therefore, a study has been conducted by preparing 

nano-HAP powders using these NSs. The main aim of 

present study is to determine the activity of NSs on 

the properties of nano-HAP powders. 

Soya Leaves (SL) or dill weed is an aromatic herb with 

delicate feathery green leaves. The health benefits of 

SL include its ability to boost digestion as well as 

providing relief from insomnia, menstrual and 

respiratory disorders. It is also good for oral care and 

can be a powerful boost for immune system. It also 

provides protection from your bone degradation. It 

has anti-inflammatory and analgesic properties, 

which can protect against arthritis. Soya Leaves (SL) 

are good mouth and breathe fresheners. Apart from 

that the essential oils in it are germicidal, anti-oxidant 

and disinfectant in nature. Due to these properties, 

they help in minimizing infections in the mouth and 

their antioxidant minimizes the damage caused by 

face radicals to gums and teeth as well. Calcium 

content of SL protects from bone loss as well as loss of 

bone density [27, 28]. 

 

Aloe-vera (Alv) is a plant that has unique therapeutic 

properties. It is an oldest medicinal plant and is the 

most applied medicinal plant worldwide. Studies have 

convincingly demonstrated that the Alv treatment 

can accelerate the healing of mouth ulcers. A patch of 

Alv gel applied to the area is remarkably effective in 

reducing the size of the ulcers and it is an ingredient 

in different mouth washes. When used as a mouth 

rinse, pure Alv juice is just as effective as a reducing 

dental plaque agent in present day health and hygiene 

conditions that are associated with mouth and teeth. 

Tooth decay diseases of the gum are very common 

dental health problems [29].  

Spinach (Spinacia Oleracea) is a leafy green vegetable 

that is considered as a very healthy food as it is loaded 

with nutrients and antioxidants. It is an extremely 

nutrient rich Leafy vegetable. It packs high amounts 

of carotenes, vitamin C, vitamin K, folic acid and 

calcium [30, 31]. 

Rose is from a woody perennial plant belonging to the 

genus Rosa in the family Rosacea, known for its smell 

and beauty. It is used as a medicinal herb because of 

its anti-bacterial and anti-fungal activity. The parts of 

the plant, especially the petals, have high anti-oxidant 

property that helps in curing many health ailments 

[32]. Captivatingly, the previous research reviews 

have laid foundation for its medicinal use and its 

effect on human health, in different areas. The Rose 
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Petals (RP) extract was found to exhibit a better anti-

fungal and anti-bacterial activity against periodontal 

pathogens namely, periodontal gingivitis and 

periodontal intermediate. The sensitivity of RP 

dilution in water is 100µg/mL [33]. It’s anti-bacterial 

and anti-fungal properties could be due to the 

presence of several-bacterial and anti-fungal 

properties of ethanol extract of RP against periodontal 

pathogens [34, 35]. 

Nano-HAP powders were synthesized using nine NSs 

such as Rice Water (RcW), Soya Milk (SM), Tea 

Decoction (TD), Tulsi Leaves (TL), Soya Leaves (SL), 

Rose Petals (RP), Spinach Leaves (SpL), Gum 

Kondagogu (GKg) and Aloe Vera (AlV). These NSs are 

identified as good sources of Calcium or Phosphorus, 

antioxidants andanti-inflammatory natural products 

containing rich protein. 15 mL of freshly prepared 

Natural Stabiliser solutions are used in the 

modification method of nano-HAP synthesis. 

 

 
Figure 1 : Overall picture of synthesis of nano-HAP 

using different Natural Stabilisers  

 
Figure 2 :  Reaction process while synthesising nano-

HAP using NSs 

Nano-HAP powders have been prepared by adding 

NSs as precursors under normal atmospheric pressure 

and temperature by stirring, using magnetic stirrer. 

Crystallization starts after adding NH4OH. 

 

10 Ca(OH)2+6 H3PO4+ 20 NH4OH+ ×(NS)→ 

Ca10(PO4)6(OH)2 .×(NS) + 20 NH3 +38 H2O  (3) 

Where ×in equation (3), is 15 ml of NS used in the 

modification process.  

The objective of this study is to investigate the Ca/P 

ratio of nano-HAP powders synthesised using 

different NSs by wet-chemical precipitation method. 

These nano-HAP powders may have potential 

biomedical applications.  

 

III. Results and discussion 

 

3.1 Effect of NS on pH and Initial temperature: 

Using the bio mimetic coating method, in contrast to 

the other coating techniques, biologically active 

agents can be added to the super saturated solutions 

and gradually be co-precipitated with the calcium 

phosphate crystals, forming a layer on the metal 

implants [36, 37].   This creates the possibility of 

incorporating an antibiotic within the bio mimetic 

coating and releasing it at a controlled rate, therefore, 

preventing local post-surgical infection [38].  

Initial pH values influence the balance of ions in the 

solution. It has been noticed from the literature that 

different pH values on the concentration of OH− 

could influence the concentration of Ca2+, PO43-, 

(HPO4)2- and so on. High concentration of OH− could 

promote the process of precipitation of nano-HAP. 

Presently the growth units of pH can be due to 

addition of NS.  During the crystallisation process, the 

reaction temperature is another dependent factor on 

crystal morphology. It influences the crystal phase 

and crystal morphology and also the degree of 

crystallinity. The effect of NS on its pH and the initial 

temperature is given in Table 1.The pH above 10.00 is 

very much pertinent for dental or orthopaedic 

materials. Among the synthesised nano-HAP powders, 
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it is observed that the pH of powders synthesised with 

SpL and RP as NSs are falling below 10.00. The pH of 

all the other nano-HAP powders’ is above 10.00. The 

relationship between pH and Initial Temperature of 

the reactions taken place (while synthesising the 

nano-HAP powders) is shown in Figure 3. 

Table 1:  Effect of NS on pH and initial Temperature 

 

 
Figure 3 :  Effect of NS on pH and initial Temperature 

 

3.2 Effect of NS on rate of reaction: 

Effect of NS on rate of reaction is dependent on 

relative NS’s chemical activity. The reaction 

temperature depends largely on the chemical nature 

of the NS. The precipitation time to reach the room 

temperature is given in the Table 2. The time taken 

for the precipitate to settle down to room temperature 

is noted down as a measure of observation The 

reaction time at eight minutes, is the minimum in 

Tulsi leaves and it is 9 minutes in SL. Time taken is 

maximum in RP, with 25 minutes.  

 

Although there is difference in every natural 

stabiliser, the nano-HAP powders were in good 

agreement with XRD peaks. It is known to us, 

through literature, that the synthesised nano-HAP 

powders are good to use if their Ca/P values are in 

between 1.65-185. In present case, it is observed that 

SM, RcW, SL and SpL are in good agreement for the 

same. Nano-HAP powders synthesised using TD, TL, 

Alv and RP are calcium efficient nano-HAP powders. 

Whereas, nano-HAP powder synthesised using GKg is 

calcium deficient. The graphical relation between 

Times versus Ca/P is represented inFigure 3. 

Table 2: Effect of NS on reaction Time and Ca/P 

 

 
Figure 4 :  Effect of NS on reaction Time vs.Ca/P 

S. 

No.  

NS at 15ml pH Initial  

Temperature 

(°C) 

1 Soya Milk (SM) 12.8 72 

2 Rice Water(RcW) 12.3 62 

3 Tea Decoction (TD) 10.3 60 

4 Gum kondagogu (GKg) 10.2 60 

5 Tulsi  Leaves (TL) 10.2 50 

6 Soya Leaves (SL) 10.1 60 

7 Aloe Vera (AlV) 10.1 59 

8 Spinach Leaves (SpL) 9.0 60 

9 Rose Petals (RP) 8.1 58 

S. 

No. 

NS at 15ml Time 

(in 

minutes) 

Ca/P 

1 Soya Milk (SM) 21 1.75 

2 Rice Water(RcW) 19 1.79 

3 Tea Dicoction (TD) 13 2.03 

4 Gum kondagogu 

(GKg) 

16 1.55 

5 Tulsi Leaves (TL) 8 1.96 

6 Soya Leaves (SL) 9 1.85 

7 Aloe Vera (Alv) 13 1.98 

8 Spinach Leaves(SpL) 19 1.75 

9 Rose Petals (RP) 25 2.17 
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3.3Energy Dispersive Spectroscopy - Effect of NS on 

Ca/P: 

A surface analytical technique that is used for the 

elemental analysis or chemical characterisation, using 

X-ray spectroscopy, is Energy Dispersive 

Spectroscopy (EDS). EDS allows the elemental 

composition of the nano-HAP to be measured. It also 

detects the presence of any residual materials or 

unwanted by-products present in the powders.   

Synthetic Nano-HAP requires Ca/P closer to or equal 

to 1.67. A number of NSs are employed during the 

synthesis of nano-HAP powders have resulted in 

different Ca/P values. During the process the freshly 

prepared 15 ml solution of each of the above 

discussed NSs are added slowly and the whole 

mixture is put on the magnetic stirrer to get the 

homogeneous precipitation. 

It is possible to evenly coat porous implants with 

nano sized carbonated HA and other Ca/P compounds, 

bio mimicking the bone mineralisation process, by 

immersing implants in SBF [36-38].The nature of the 

Ca/P coating, via its microstructure, its dissolution 

rate and its specific interaction with body fluids, can 

influence the osteogenecity of the coating as well as 

bone remodelling process [39, 40]. 

The Energy Dispersive Spectroscopic values depict 

the distribution of Calcium and Phosphorousof the 

nano-HAP powdersand are used to calculate Ca/P. 

The EDS results of nano-HAP powders are given in 

Table 3 and the spectra are given in the Figure 

5((a)and (b)). It is observed that the Ca/P ratio of 

samples prepared using RcW, SM, SL and SpL are 

within the acceptable range of synthesised nano-HAP 

i.e. 1.65-1.85 [41, 42]. Experimental results of 

literature indicate that the increase in initial pH value 

directly causes an increase in Ca / P [43-44]. 

 

 

 

 

 

 

 
Figure 5(a): EDS spectra taken from the region 

marked by blue rectangle to see the effect of NS on 

Nano-HAP 

 
Figure 5(b): EDS Spectra of nano-HAP powders 

synthesised using NSs 
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Table 3: Effect of NS on Ca/P 

 

 
Figure 6 :  Effect of NS on reaction Time VsCa/P 

 

IV. CONCLUSION 

 

Therefore, it is demonstrated that the Ca/P, pH, time 

of reaction and initial temperature of the reaction are 

dependent on the NSs used and the conditions of 

preparation.  However, the influence mechanism of 

initial temperature and relative NS used is too 

complex to build a model to explain it. Yet, this work 

has shown a way that there exists influence of NS in 

Ca/P, pH, time of reaction and initial temperature of 

the reaction. This can be put into practice easily in R 

& D of the production and applications of nano-HAP. 
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