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Abstract 

 

The need for hydroxyapatite synthesized from an inexpensive raw material is on the increase due to the expense of high purity 

calcium and demand of hydroxyapatite powder in dentistry, orthopaedics and trauma surgery. Additionally, efforts towards 

recycling and reuse of waste into value added products such as hydroxyapatite, have been one of the targeted goals of the SDG 

by the year 2030 to improve healthcare and for environmental friendliness. Giant African land snail shells (Archachatina 

marginata) are a waste material that is now being considered for use as a calcium precursor for hydroxyapatite production. 

Additionally, the effect of various low temperature hydrothermal treatments on the properties of hydroxyapatite derived in this 

manner are presented. Snail shell powder calcined at 900 ℃ for 3 hours in a bench top electric furnace was used in the current 

study as calcium precursor. Hydroxyapatite (HA) powder was prepared via a hydrothermal technique at 100, 150 and 200 ℃ 

for 4 hr of soaking time. Characterization of calcined and un-calcined snail shell as well as hydroxyapatite powders was done 

using XRF, XRD, FTIR, SEM/EDS to determine the phase content, functional groups, morphology and elemental composition, 

respectively. Results of calcination indicated a 81.80% CaO yield compared to 66.4% for un-calcined snail shell powder. The 

outcome of XRD and FTIR analyses of hydroxyapatite powders produced under various hydrothermal treatments compare 

favourably with HA currently available on the market. The hydrothermal temperature influenced the crystallite size and 

microstructure of hydroxyapatite powder. A minimum crystallite size of 23.1 nm with Ca/P stoichiometric ratio of 1.6, suitable 

for biomedical applications, was obtained at 100 °C. This is compared to a crystallite size of 50.58 nm for commercial 

hydroxyapatite examined under the same conditions. Hence, African giant snail shells can serve as inexpensive calcium source 

for nano-hydroxyapatite powder production that is useful in biomedical applications. 
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1. Introduction 

 

 The increasing rate of bone lesions from pathological 

illnesses or trauma is alarming. This represents the most 

common large organ injury in humans globally, posing 

serious threat to patients and clinicians [1].  Evidence from a 

statistical report in 2017 [2] indicates that up to 2.2 million 

bone graft procedures were done worldwide annually. There 

is a steady growth of 13% annually in the number of 

procedures for repairing bone defects in orthopaedics, 

dentistry and neurosurgery. Consequently, this development 

has ignited an enormous global market demand for 

bioceramic materials such as hydroxyapatites. Market 

demand for these materials has increased to approximately 

40 billion euros per year, with an annual estimated growth 

rate of 7–13%. The situation that can be attributed to an 

increasingly aged population, healthcare expenditures and 

demand for medical implant-based hydroxyapatite products 

[2-3]. This  signaled  that  only  effective  and  economically  

sustainable bioceramic products that are readily available 

and accessible to all regions can meet the enormous global 

demand, especially in the developing countries. 

Hydroxyapatite (HA) has a chemical formula of 

Ca10(PO4)6(OH)2 and ideal Ca/P ratio of 1.67. It is a 

bioceramic (bio-active and biocompatible) product that is 

suitable for repair and restoration of dysfunctional and 

diseased or defected bones [4]. It is the most prominent 

bio-ceramic use as bone substitute implant in lieu of 

autograft or allograft implant sources [5-9]. This is because 

of the limited supply of donors and unresolved health risks 

associated with autograft and allograft implant sources. 

However, HA can evoke non-foreign body reactions such as 

inflammatory or pyrogenetic responses, as well as bond 

strongly to the new bone tissue interface [10-11]. HA can be 

purchased either in pellet or powder form. It has found 

application in dentistry, orthopaedic prostheses, coatings for 

implants, drug delivery and maxillofacial applications due to 

its high bioactivity and osteo-conductivity properties 
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supporting bone formation with strong bone-calcium 

phosphate biomaterial interfaces [4, 12-14]. The powder 

form of HA has also been employed as a reinforcement 

material in a metal matrix composite for strength and 

bioactivity properties. These are improvements that are 

desirable in biomedical applications [15]. Amongst key 

factors that are usually considered in the synthesis of HA are 

processing techniques and conditions, as well as the starting 

materials.  

Several techniques, such as sol-gel synthesis, wet 

methods, hydrolysis, emulsions, solid state synthesis, 

mechano-chemical and hydrothermal methods had been 

employed for the synthesis of hydroxyapatite powder. Each 

route has its advantages and disadvantages [4, 16]. Most 

common issues associated with these synthesis techniques 

are long reaction times, agglomeration, uncontrolled particle 

size and non-stoichiometric products. However, 

hydrothermal techniques at low or moderate temperatures 

with high pressures to offer good control of morphology and 

chemical stoichiometry, producing materials that are desired 

in biomedical applications [16-21].  Consequently, research 

interest in hydrothermal synthesis of HA is increasing and a 

few relevant studies are highlighted in this paper. Liu et al., 

[22] reported on hydrothermal synthesis of Ca(OH)2 and 

CaHPO4.2H2O at different pH values and temperatures 

ranging between 6–14 and 60–140 ºC, respectively. This was 

done to investigate HA particle structure and morphology. It 

was discovered that pure HA cannot be formed without pH 

control, even at 140 ºC. However, increasing the synthesizing 

temperature with pH adjustment increases the formation of 

pure HA over the Monetite phase. A high ratio of HA to other 

forms was obtained at pH = 9 at temperature of 120 ºC. In a 

similar study [23], the influence of temperature on 

hydroxyapatite production from calcium carbonate single 

crystals via a hydrothermal technique was examined. The 

results showed the formation of needle-shaped HA crystals 

in all the samples. Additionally, the size of the HA crystals 

increased with hydrothermal temperature.  Similar 

observations were reported on the characterization of 

hydroxyapatite nanobelts under a controlled additive-free 

hydrothermal technique [24]. The study concluded that 

hydrothermal reaction time, hydrothermal temperature, and 

dosage of NaOH played a critical role in the formation of HA 

nanobelts.  

Odusote et al. [25] opined that production of HA from 

bio-waste of chicken eggshells and bovine bones, as well as 

coral, oyster and snail shells can constitute an important way 

of achieving economic and sustainable HA production. This 

is because the increasing human population and inter-

relationship of activities in the eco-system have resulted in 

generation of wastes without viable economic benefit as well 

as posing disposal challenges, with public health and 

environmental threats [26-28]. Reclaiming, synthesis and 

conversion of inexpensive wastes such as egg, sea and snail 

shells into a value added HA, suggests an effective way to 

managing the use of large amounts of bio-wastes [27, 29-30]. 

African giant snail shells are the discarded shells after the 

removal of the fleshy portion the animal. These shells are in 

abundance in the southern part of Nigeria and West African 

sub-regions. At present, they have little or no economic value 

[28-29, 31]. Additionally, their indiscriminate disposal has 

negatively affected the well-being of the populace as well as 

presenting environmental pollution challenges [32-33]. 

Several attempts had been made to use snail shells in various  

applications such as catalysts [34] in biodiesel production. 

Jatto et al. [35] used snail shells in water treatment. 

Edokpayi et al. [32] used the chitosan derived from snail 

shells as a reinforcement in biopolymer synthesis and 

characterization. Adeosun et al. [12] and Odusanya et al. [36] 

used snail shells as a reinforcing filler in unsaturated 

polyester composites.   

Furthermore, other researchers considered varieties of 

egg and snail shells as inexpensive calcium precursors for the 

synthesis of hydroxyapatite for biomedical applications [4, 

29, 31, 37-38]. The potential utilization of Asian Achatina 

achatina snail shells as a calcium precursor for the synthesis 

of hydroxyapatite by chemical decomposition and in water 

defluoridation has been reported by Asimeng et al. [38]. It 

was concluded that hydroxyapatite obtained from Asian 

Achatina snail shells can serve as potential low-cost material 

for water fluoride removal. A similar result was reported by 

Kumar et al. [29] who successfully synthesized 

hydroxyapatite nanorods was using Indian snail shells as a 

calcium source. This was done via a rapid and facile 

microwave irradiation with EDTA as a chelating agent. In a 

separate report, Zhou et al. [37] prepared and characterized 

hydroxyapatite synthesized from Chinese mystery snail 

shells. The influence of condensed phosphate ions (P2O7
4-, 

P3O10
5-and P6O18

6-) as phosphate source on the properties of 

HA via a hydrothermal technique was examined. It was 

concluded that Chinese mystery snail shells could be used as 

alternative calcium source for preparation of hydroxyapatite 

with P6O18
6- phosphate ions. These ions had a highly 

significant influence on HA morphology. In furtherance of 

biocompatibility assessment of hydroxyapatite derived from 

biogenic waste, HA synthesized via a sol-gel route from snail 

shells from an Indian river was subjected to cytotoxicity 

testing using NIH-3T3 cells by Anjaneyulu et al. [31]. The 

outcome of their investigation revealed that low cost 

hydroxyapatite with a 2.14 Ca/P ratio and crystallite sizes 

ranging from 60 – 100 nm with no cytotoxicity effect could 

be prepared these shell wastes. Additionally, mechanical 

property improvement and in vitro assessment of HA 

obtained from golden apple snail shell mixed with various 

weight percentages of kaolin were studied by Sutthi et al. 

[39]. The outcome of their experimentation revealed a peak 

compressive strength of 32.93 MPa for a composite of 25% 

hydroxyapatite and 75% calcined kaolin cured at 60 °C. 

Additionally, the apatite formation on sample surface after 

immersion in SBF for 28 days as revealed by SEM/EDS and 

XRD analysis indicated good bioactivity of this golden apple 

hydroxyapatite/kaolin derived ceramic when used as a bone 

substitute.  

There have been a number reports on the use of different 

types of snail shells for hydroxyapatite preparation. 

However, close examination of the existing literature rarely 

disclosed the use of giant African land snail shell wastes for 

the synthesis of hydroxyapatite despite their abundance in 

Nigeria and other tropical regions of West Africa [12, 28]. 

Additionally, information on the effect of hydrothermal 

temperature in the preparation of hydroxyapatite from 

locally sourced materials is limited. Hence, this paper 

presents preparation and characterization of hydroxyapatite 

powder from waste shells of African giant land snails 

(Archachatina marginata) and compares the product with 

commercially available hydroxyapatite powder for potential 

biomedical applications. 



Engineering and Applied Science Research  July – September 2020;47(3)                                                                                                                                      277 

 

 
 

 
 

Figure 1 Process flow chart for the synthesis of hydroxyapatite powders from snail shells 

 

 
 

Figure 2 Hydrothermal set-up for HA synthesis 

 

2. Materials and methods 

 

2.1 Materials 

 

 African giant land snail shells (Archachatina marginata) 

(SnS) were collected from the Abegunde, Okitipupa Local 

Government, Ondo State, Nigeria. The materials were 

calcined to obtain a calcium oxide (CaO) that was used as 

calcium precursor in this study. Diammonium hydrogen 

phosphate (NH4)2HPO4, 99.0%, Cat. No. S7907) from 

Sigma-Aldrich, Lahore, Pakistan, was used as phosphate 

source. Liquid ammonia, NH4OH, was used to adjust pH of 

reacting solution.  

 

2.2 Preparation of CaO from African giant snail shell  

 

 The collected snail shells were washed using distilled 

water and Ariel laundry detergent to remove the hard-stuck 

materials. The materials were then dried in an oven at 110 ℃ 

for 12 hr. After that, they were crushed using a Jaw crusher 

and ground into powder using disc mills at the Department 

of Chemical Engineering, COMSATS University Islamabad, 

Lahore Campus, in Pakistan. A measured quantity of milled 

powder was then calcined with a 10 ℃/min heating rate at 

900 ℃ for 3 hr in a bench top muffle furnace as reported by 

Kolawole et al. [28] to obtain calcium oxide (CaO), as shown 

in Equation 1, followed by particle size analysis. The shell 

powder retained on a 100 µm sieve size was used in this 

work. The powder was further characterized using XRF, 

FTIR and XRD and compared to un-calcined shell powder 

as discussed in Section 2.3.  

 

𝐶𝑎𝐶𝑂3 → 𝐶𝑎𝑂 + 𝐶𝑂2 ↑              (1) 

 

2.3 Preparation of hydroxyapatite (HA) from snail shell 

wastes 

 

 The synthesized hydroxyapatite (SHA) from the snail 

shells was prepared following the sequence illustrated in 

Figure 1. A measured amount of 8.40 g of calcined snail shell 

powder was dissolved in 75 mL of distilled water to make a 

1 M solution of CaO solution. Then, 75 mL of a 0.6 M 

diammonium hydrogen phosphate (NH4)2HPO4 solution was 

prepared and added dropwise (40 drops/min or 

~0.0417 ml/sec) using a 250 ml dropping funnel, into a 

prepared CaO solution while stirring at constant speed of 

180 rpm for 1 hr [40]. The pH of the solution was maintained 

in the range of 11-12 using dropwise addition of liquid 

ammonia before being transferred into a hydrothermal 

reactor [41]. The resulting solution was then hydrothermally 

treated at 100, 150 or 200 ℃ for 4 hours at autogenous 

pressures of 0.38 bar, 4 bars and 14 bars, respectively, in a 

stainless-steel closed vessel reactor, as shown in Figure 2. 

The  SHA  samples  obtained  at  various  temperatures  were  
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Table 1 Composition of Calcined SnS using X-Ray Fluorescence (XRF) 

 

Oxides type NiO Fe2O3 MnO Cr2O3 TiO2 CaO Al2O3 MgO ZnO SiO2 LOI Total 

Raw SnS 0.007 0.051 0.000 0.000  66.368 LOD LOD 0.001 LOD 23.573 100 

Calcined SnS 0 0.289 0 0.017 0 81.809 LOD LOD 0 LOD 17.885 100 

 

washed with de- ionized water until a neutral pH of 7 was 

attained. Finally, the samples were oven dried at 80 ℃ for 12 

hr. The SHA powders were then characterized and compared 

with commercial Plasma Biotel hydroxyapatite powder 

(CHA). 
 

2.4 Characterization of SnS and hydroxyapatite powder 
 

 X-ray fluorescence (XRF) analysis of both calcined and 

un-calcined SnS powder samples was done on pelleted 

samples. The X-ray fluorescence spectroscopic apparatus 

was operated at 30 kV to determine the chemical 

composition following the ASTM C114 standard procedure. 

Specimens of HA produced were tested on a Thermo 

Scientific Nicolet 6700 Fourier Transform Infrared 

Spectrometer within the range of 4000 - 400 cm-1 for 16 scans 

at a 4 cm-1 resolution to determine the functional group of the 

samples.  Phase identifications were determined using a 

Philips PANalytical X’Pert Powder Diffractometer, model 

number PW 2050/08, employing CuKα radiation of 

wavelength λ = 0.1506 nm at 35 kV and 30 mA. The data 

were recorded in the range of 6-90o (2θ) at a step of 0.02 and 

analyzed using X’Pert Highscore Plus Software. The 

crystallite size of both the SHA and CHA were determined 

using the Scherrer relationship, Equation 2, to determine the 

influence of hydrothermal temperatures on the crystallite 

size of as-prepared and commercial hydroxyapatite powders.  
 

𝐷 =
𝐾𝜆

𝑑𝑐𝑜𝑠𝜃
               (2) 

 

where "𝐷" − crystallite diameter in Å, "𝑘" −  the shape 

constant (~ 0.9), "λ" − wavelength in Å (~ 1.5406), "d" −
 the observed peak width at half-maximum peak height in rad 

and "θ" −  Bragg angle in degrees. 

 Additionally, the degree of crystallinity of both 

synthesized and commercial HA were obtained using 

Equation 3. The area of the crystalline peaks and all other 

peaks obtained from XRD data of the respective samples was 

determined using OriginPro 8.5 software. Excel were used to 

compute the degree of HA crystallinity. 
 

𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑖𝑛𝑖𝑡𝑦 =
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑝𝑒𝑎𝑘𝑠

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑒𝑎𝑘𝑠
× 100 

                                                              

(3) 
 

 A VEGAS TESCAN scanning electron microscope 

equipped for energy dispersive spectroscopy (EDS) was 

operated at a 20 kV accelerating voltage to examine the 

morphology and composition of HA samples. Samples for 

SEM observation were prepared by dispersing the powders 

in ethanol and immersed them in an ultrasonic bath for 

5 mins. A few drops of the resulting suspension was dried in 

air and sputter coated with gold for SEM examination [42].  
 

3. Results and discussion 
 

3.1 Phase and oxide composition analysis of calcined 

snail shell powder 
 

 The oxide composition of African giant land snail 

shells calcined at 900 ℃ for 3 hours determined using 

X-Ray Fluorescence (XRF) analysis is presented in 

Table 1. This table indicates the presence of CaO as the 

major phase, with traces of Fe2O3 and Cr2O3. The 

substance loss on ignition (LOI) in Table 1 represents 

escape of volatile phases present in the sample due to 

thermal decomposition of SnS powder on ignition. 

Calcium oxide and carbon (IV) oxide are liberated. The 

analysis also showed presence of Al2O3, MgO and SiO2 

oxides in unquantifiable amounts, less than the limit of 

detection (LOD). 

 The XRD patterns of both calcined and un-calcined SnS 

are illustrated in Figure 3 with a plot of intensity versus 

diffraction angle. The diffraction peaks with typical values 

shown in Figure 3a for un-calcined shells were observed at 

diffraction angles (2θ) of 26.27, 33.17, 36.20, 37.9 and 

45.91o corresponding to inter-planar distances  of 3.39, 2.69, 

2.48, 2.37 and 1.98 Å, with relative intensity of x-ray 

scattering of 100, 75.38, 98.58, 45.15 and 66.76%, 

respectively. These peaks correspond to aragonite (CaCO3) 

according to the JCPDS 00-041-1475 reference file. The 

XRD patterns of the calcined SnS powder shown in 

Figure 3a revealed typical diffraction peaks at 2θ values of 

32.38, 37.52 and 53.99o and inter-planar distances 2.76, 2.40 

and 1.70 Å corresponding with relative intensity of x-ray 

scattering of 34.06, 100 and 39.85% respectively.  These 

peaks correspond to calcia (CaO) according to the 

JCPDS 00-037-1497 reference file. The results clearly 

indicate a phase transformation of African giant land snail 

shell powder from aragonite into the calcia form of calcium 

oxide. This may be attributed to the decomposition of the 

highly volatile and low thermally resistant constituents of the 

un-calcined shell to a thermally stable calcia (CaO) obtained 

during the calcination process. This is similar and in 

agreement with that reported earlier [30]. This implies that, 

un-calcined SnS powder mainly contains calcium carbonate 

and calcination can transformed the raw SnS powder to 

calcium oxides. Hence, Figure 2 confirms that both 

un-calcined (Figure 3b) and calcined (Figure 3c) SnS 

powders are in absolute agreement with the reference 

material due to correct matching of the spectrum as revealed 

by X’Pert Highscore XRD analysis software. 

 It can be inferred that in the presence of aragonite 

(CaCO3) as the main phase, SnS may be responsible for the 

hard nature of the African giant land snail shells. When fired 

at 900 oC for 3 hours, it was noticed that the aragonite 

minerals decomposed through calcination to yield calcia 

(CaO) as the sole major phase. This means that aragonite is 

presumed to be thermodynamically unstable when subjected 

to elevated temperatures and it will transform into 

thermodynamically stable hard phases (calcia, CaO) at 

900 ℃ with the evolution of CO2 and other volatile 

constituents.  
 

3.2 Fourier Transform Infrared (FTIR) analysis of calcined 

and un-calcined SnS powder 
 

 FTIR Spectra analysis of both calcined and un-calcined 

SnS powder, illustrated in Figure 4, shows two main 

functional groups in both samples. The water bands observed 

at 3641.9 cm-1 and 660.07 cm-1 in calcined SnS powder and 

705.93 cm-1 in un-calcined powder were due to stretching 

and liberation of the  hydrogen bonds of OH- ions, 

respectively. 
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Figure 3 XRD patterns of (a) calcined and un-calcined SnS powder and XRD reference pattern for un-calcined, (b) calcined  

and (c) SnS powder 

 

The CO3
- band peaks at 1426.08 and 871.94 cm-1 of calcined 

SnS powder were low in intensity due to loss of CO2 from 

thermal decomposition to yield a high amount of calcium 

oxide [30]. Additionally, the CO3
- band peaks observed in 

un-calcined SnS samples were found at around 863, 1454 

and 1777 cm-1. The carbonate groups were from calcium 

carbonate in snail shells. It can be noted that, the carbonate 

peaks in the un-calcined sample were higher and 

characterized by high intensity compared with the calcined 

sample.  This  shows  that  during  the   calcination   process,  
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Figure 4 FTIR spectra analysis of calcined and un-calcined SnS powders 

 

         
 

Figure 5 SEM of (a) un-calcined and (b) calcined snail shell powders 

 

most of the carbonate in the shell sample was decomposed 

due to the very high temperature involved.  The high peak of 

OH- may be attributed to the deliquescent nature of CaO, 

which was exposed to the atmosphere probably during the 

test. This implies that calcination of SnS at 900 ℃ for 3 hr 

of soaking time was adequate for the synthesis of CaO from 

snail shells. Nevertheless, traces of carbonate were detected 

as indicated by presence of CO3
- in the calcined samples. 

This could be due to adsorption of H2O and CO2 by CaO 

during storage as depicted by Equation 4. 

 

CaO  .                Ca(OH)2                          CaCO3                           (4) 

 

3.3 SEM analysis of un-calcined and calcined African giant 

land snail shell powders 

 

 The microstructure of un-calcined and calcined SnS 

powders is presented in Figure 5. Un-calcined SnS powder 

was characterized by mixtures of irregular and elongated 

platelet rod-like shaped grains with an average size of 0.4 µm 

as determined using image J software. The calcined SnS 

powder microstructure presented smaller equiaxed grains 

with an average size of 0.0003 µm compared to un-calcined 

powder, 0.4 µm. The elongated platelet grains of un-calcined 

powder display a characteristic feature of calcium     

carbonate structures. When calcined, the platelet rod-like           

structures decomposed  into smaller fused grains due to high  

temperature coupled with the associated sintering effects. 

The smaller equiaxed grains of calcined particles can 

enhance material performance when incorporated as a 

reinforcement in a metal matrix for strengthening. 

 

3.4 Characterization of hydroxyapatite powder   

 

3.4.1 Fourier Transform infrared (FTIR) analysis of 

hydroxyapatite powder (HA) 

 

  Fourier Transform Infrared analysis was done of 

hydroxyapatite powders produced at different temperatures 

(100, 150 and 200) ℃ and denoted as SHA100, SHA150, 

and SHA200, respectively. These powders, as well as a 

commercial Plasma Biotel hydroxyapatite powder (CHA), 

exhibit similar spectral patterns for both the synthesized 

hydroxyapatite at different temperatures with no notable 

differences. The FTIR results are presented in Figure 6.           

It can be deduced that hydrothermal synthesis temperature 

has no effect on the functional groups of hydroxyapatite 

powder. The characteristic frequencies derived from PO4
- 

modes are conspicuously seen with strong intensities at 

around 964, 1019, 1045 cm-1
 bands, thus confirming the 

successful formation of hydroxyapatites. A very weak broad 

band spectrum observed around 1430 and 1450 cm-1             

indicates   traces   of   the  stretching  mode  of  CO3
2-  in  all  

(a) (b) 



Engineering and Applied Science Research  July – September 2020;47(3)                                                                                                                                      281                                                                                                                                                                                                                                                                             

 

 
 

 
 

Figure 6 FTIR analysis of SHA at varying temperatures compared with CHA powders 

 

 
 

 

 
 

Figure 7 XRD pattern of synthesized and commercial hydroxyapatite powders 
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Figure 8 Influence of synthesis temperature on the crystallite size of hydroxyapatites 

 

Table 2 Degree of crystallinity of hydroxyapatites 

 

Parameters SHA100 SHA150 SHA200 CHA SHA200-sintered CHA-sintered 
Sum of crystalline peaks 555.6745 624.1801 639.1337 775.9644 689.493 779.6626 
Area of all peaks 669.153 682.458 695.0195 852.231 740.214 805.565 
Degree of crystallinity (%) 83 91 92 91 93 97 

 

samples, including the CHA sample. The presence of CO3
2
, 

though very minimal in samples of synthesized HA, may be 

as a result of using CaO derived from snail shells or from an 

equipment calibration error. The bands at 3550 and 

3837 cm-1 are due to adsorbed water associated with 

structural OH- in HA. The bending band due to the structural 

OH- in SHA also occurs at 650 cm-1
 in all samples. These 

observations and results agree with the earlier works of [4, 

43-45] where hydroxyapatite powder was produced from 

biogenic wastes. 

 

3.4.2 XRD studies of synthesized and commercial 

hydroxyapatite powder 

 

 X-ray diffraction spectra of both the CHA and SHA 

powders are showed in Figure 7(a). They indicate that the 

XRD peaks pattern for hydroxyapatite powders prepared at 

various temperatures and commercial hydroxyapatite 

samples were similar. A marginal change in the crystallinity 

with increased synthesis temperature was noticed in SHA 

compared to the CHA sample having the highest 

crystallinity. The samples were characterized by strong and 

narrow intensities peaks.  However, in all SHA samples, the 

patterns indicated the presence of highly crystalline 

hydroxyapatite with major peaks at 26.085, 31.8, 32.44 and 

33.15o (2θ). These patterns are in good agreement with 

JCPDS reference number (00-009-0432) for hydroxyapatite. 

No characteristic peaks of impurities, such as calcium 

hydroxide and calcium phosphates, were observed. This 

implies that pure or single-phase HA was successfully 

prepared under the present experimental conditions. Similar 

results were obtained after sintering the as-prepared SHA 

and CHA powders. Though an increase in crystallinity was 

indicated by sharper and longer peak patterns, as depicted in 

Figure 7 (b), it was observed in both sintered samples, in 

agreement with earlier reports [27, 46]. 

 Figure 8 illustrates and compares the influence of 

hydrothermal synthesis temperatures on the crystallite size of 

produced hydroxyapatites and commercial HA. It was 

observed that the crystallite size of SHA increases with 

synthesis temperature. This implies that increasing the 

hydrothermal temperature favours crystal growth of 

hydroxyapatites. It is noteworthy that at hydrothermal 

synthesis temperatures of 100, 150 and 200 oC, the crystallite 

resulting sizes were 23, 41 and 44 nm, respectively, while it 

was 51 nm for commercial hydroxyapatite. Moreover, when 

hydroxyapatite prepared at 200 ℃ and commercial 

hydroxyapatite powder were sintered at 900 oC for 1 hr to 

avoid phase transformation [27, 47], it was observed that the 

crystallite size increased to 56 and 54 nm, respectively. 

Comparing this outcome with previous results [31, 37], the 

average particle size of HA synthesized were in the range of 

60 – 100 nm [31] and 10-15 nm wide and 50 – 100 nm long 

[37]. This implies that, the present study produced a better 

nano-crystalline HA structure from giant African land snail 

shells. These differences may have been a result of some 

variation in materials and processing parameters used in the 

synthesis.  Concurrently, the degree of crystallinity, as 

depicted in Table 2, also increased with hydrothermal 

temperature. It is noteworthy that the degree of crystallinity 

of SHA100, SHA150, SHA200 and CHA were 83, 91, 92 

and 91%, respectively, which further increased to 93 and 

97% for SHA200 and CHA, respectively, when sintered at 

900 oC. This implies that both crystallite size and 

crystallinity are a function of temperature. The increase in 

crystallite size and crystallinity can be attributed to elevated 

hydrothermal process temperature and sintering, which 

support grain growth. These results are in agreement with 

earlier reports [46, 48] attributing crystallite growth to 

increased temperature and time. 
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Figure 9 Microstructure of (a) commercial hydroxyapatite (CHA), (b-d) synthesized hydroxyapatite (SHA) at 100, 150 and 

200 ℃, respectively, and (e-f) sintered SHA200 and CHA, respectively 

 

Table 3 Elemental composition of synthesized, commercial and sintered hydroxyapatite 

 

Sample ID 
Composition (at. %) Stoichiometry 

C O Ca P Ca/P 

CHA 16.09 58.02 15.14 10.74 1.41 

SHA100 14.73 62.32 14.14 8.82 1.60 

SHA150 13.33 59.27 17.56 9.85 1.78 

SHA200 11.98 63.49 14.55 9.98 1.46 

Sintered CHA  14.39 58.11 16.71 10.78 1.55 

Sintered SHA200 21.38 55.68 13.84 9.10 1.52 

 
3.4.3 Morphological and compositional analysis of 

hydroxyapatite powder 

 

 The morphologies of synthesized and commercial 

hydroxyapatite powders were examined using scanning 

electron microscopy (SEM)/energy dispersive spectroscopy 

(EDS). The results are presented in Figure 9.  A 

nanostructural rice-like morphology was observed in HA 

synthesized at 100 ℃ (Figure 9b). This morphology 

conspicuously increases in size as the synthesis temperature 

increases from 100 to 200 ℃ (Figure 9c-d).  The increase in 

particle size can be attributed to diffusion of the HA crystal 

particles at elevated temperatures over time and grain growth 

[48]. For un-sintered commercial hydroxyapatite powder, a 

nano-size flaky structure was observed that was fused and 

difficult to differentiate (Figure 9a).  Figures 9e and 9f show 

structural transformation of the synthesized and commercial 

HA which form a rice-like or flake like structure into one 

with an interconnected porous rod flake-like morphology 

after sintering at 900 ℃ under the same conditions. This 

characteristic feature may have been due to the diffusion of 

the particles at higher temperatures and formation of flake-

like structures with interconnections as reported earlier [27, 

49-50]. The porous nature of these morphologies can also be 

an advantage to support the growth of new bone during the 

regeneration process. The SEM/EDS results of both 

commercial and synthesized HA at various temperatures 

with Ca, P and O2 forming the basic elemental composition 

at similar levels are shown in Table 3. However, the presence 

of carbon was seen in the EDS results in all samples, even 

the commercial hydroxyapatite.  Carbon may, however, be 

attributed to equipment calibration error and absorbed 

carbonate (CO3
-) while obtaining calcium oxide from SnS. 

This was observed in the FTIR results (Figure 6) of calcined 

snail shells [13]. The calcium to phosphate ratio (Ca/P) in all 

samples was evaluated from EDS results because of its 

strong influence on the mechanical strength and 

biodegradation of HA [49, 51-52]. The Ca/P ratios were 1.60, 

1.78 and 1.46 as the hydrothermal temperature increased 

from 100 to 200 ℃. Commercial hydroxyapatite had a Ca/P 

ratio of 1.41. This result shows that SHAs has an improved 

Ca/P ratio compared to CHA. Ca/P HA ratios of 1.26 -1.33 

were reported by Zhou et al. [37], which are close to that of 

ideal HA, a Ca/P ratio of 1.67. When HA prepared at 200 °C 

and commercial HA powder were sintered at 900 °C, the 

(Ca/P) ratio increased from 1.46 to 1.52 and from 1.41 to 

1.46, respectively. This translates to molar ratios equivalent 

to 4.1 and 3.5%, respectively. Such a marginal increase may 

be attributed to heating during sintering where some volatile 

substances may escape and increased dissolution of the CaO 

precursor in the diammonium hydrogen/CaO slurry solution 

to yield the increased Ca/P ratio observed in this study. This 

finding suggests that sintering may increase the Ca/P ratio. 

However, care must be taken in selection of an appropriate 

(a) (b) (c) 

(d) (e) (f) 
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temperature to avoid the formation of unwanted phases. This 

result is in agreement with the work of earlier authors [13, 

27, 52-54], where an increased Ca/P ratio was reported with 

increased synthesis temperatures between 160 to 200 ℃. 

 

4. Conclusions 

 

 This study presents the synthesis and characterization of 

hydroxyapatite powders obtained from waste shells of giant 

African snails (Archachatina marginata). The process was a 

hydrothermal technique at three different temperatures (100, 

150 and 200 ℃). Our study compared the samples that we 

synthesized to commercially available hydroxyapatite 

powder. The following specific conclusions are offered: 

i.  A calcium oxide phase with a 81.8% yield was 

obtained from calcination of SnS powder at 900 oC 

with 3 hours of soaking time, relative to 66.4% CaO 

in un-calcined SnS. 

ii. Nano-hydroxyapatite powder with 23.10 to 43.73 nm 

crystallite sizes was successfully prepared using 

giant African snail shells (Archachatina marginata) 

under temperatures ranging from 100 to 200 °C using 

a hydrothermal technique.    

iii. The hydrothermal synthesis temperature influenced 

the crystal size and microstructure of the prepared 

hydroxyapatite powder. A minimum crystallite size 

of 23.1 nm with a good Ca/P stochiometric ratio of 

1.6 was closer to ideal HA of 1.67. A material 

suitable for biomedical application was obtained 

using a 100 °C hydrothermal process temperature as 

compared to a 50.58 nm crystal size for commercial 

hydroxyapatite powder. 

iv. The XRD, FTIR analyses and Ca/P ratios of 1.60 – 

1.78 for hydroxyapatite powder prepared from giant 

African snail shells matched commercially available 

HA. Hence, giant African snail shells can be 

considered an alternative calcium source for 

preparation of hydroxyapatite powder produced at 

100 °C that is suitable for biomedical applications. 

 

5. Future work 

 

 The bioactivity properties tests of SHA using giant 

African snail shell (Archachatina marginata) as a calcium 

precursor will be examined in further studies for complete 

characterization 
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