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        ALCIUM phosphate ceramics are considered as a family of the 
……most important bio-inorganic materials used in biomedical 
applications. Calcium phosphates were prepared from eggshell waste 
and phosphoric acid after cleaning eggshell precursor and converting 
it to calcium oxide by calcination. The phases obtained from such 
reaction were dependent not only on the weight ratio of calcined 
eggshell powder and phosphoric acid (Ca/P) but also on the 
calcination temperature of the obtained mixture. Effects of Ca/P ratio 
and calcination temperature were studied and the phases obtained 
were evaluated using X-Ray Diffraction spectroscopy (XRD) and 
Scanning Electron Microscopy (SEM). 

 

It is well established that tricalcium phosphate salts (TCP) and hydroxyapatite 
(HA) play an important role in bone reconstruction and replacement, bone defect 
filling, drug delivery, a coating of metal prostheses and dentistry(1-3). This role 
was devoted to their chemical similarity to the natural composition of bone 
structure(4-6). Several methods have been studied to synthesize calcium phosphate 
minerals including wet chemical precipitation(7,8), hydrothermal method(9,10), 
mechanochemical method(11,12) and sol-gel technique(13, 14). Meanwhile, HA has a 
strong affinity to host hard tissues tricalcium phosphate resorbable in vivo with 
the new bone formation during implantation(15). It is also well known that natural 
bone mineral composition contains impurities such as carbonate, chloride, 
fluoride, magnesium and sodium(16,17). It was found that bone tissue contains 3-
8% carbonate minerals(18,19). This diversity in bone chemical composition 
encourages researchers to use natural waste precursors such as fruit waste(20, 21), 
eggshell(22,23), fish bone, oyster shells and corals(24) for the preparation of 
different calcium phosphate minerals. These natural sources of calcium help in 
mimicking natural composition of bone structure. Among these sources several 
attempts have been achieved to prepare calcium phosphate minerals using egg 
shell waste. Calcium phosphate ceramics exist in different forms and phases 
depending on the Ca/P ratio and also on thermal stability. Hydroxyapatite HA is 
the most widely used calcium phosphate ceramics CPC in biomedical applications 
with Ca/P ratio 1.67. HA has the most similar composition to bone structure and 
it is also the most thermodynamically stable one among other calcium 
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phosphates (25)
. β- Tricalcium phosphate  Ca3(PO4)2 (β-TCP)  - also is known as 

β-whitlockite- is another type of CPC which has the advantage of being 
bioresorbable ceramic with a low rate of degradation and thermo-dynamically 
stable in temperature range ~ 1000-1200oC . β-TCP is transformed into α- 
Tricalcium phosphate which is another phase of CPC at a temperature above 
1200o

C. α –TCP is not widely used in biomedical applications because it is 
rapidly degraded and badly resorbable(26). In the Present study, hydrothermal 
preparation of calcium phosphate ceramics from eggshell using a different 
amount of phosphoric acid was achieved; also, the effect of different calcination 
temperature on the phase obtained was studied. The produced powders were 
characterized using X-Ray Diffraction spectroscopy (XRD) and Scanning 
Electron Microscopy (SEM). 

 
Experimental 

 
Collected raw egg-shell was carefully cleaned from both outside and inside to 

remove protein membrane, then dried at 100oC overnight. The dried raw egg-
shell was milled and passed through sieve mesh 100. The produced powder was 
calcined at 900 oC for 3 hr to get rid of all organic residues associated with 
eggshell. After that, the calcined powder was mixed with phosphoric acid in 
different weight ratios of powder to phosphoric acid from 1:1.2 to 1:1.8. The PH 
adjusted at 9-10 with ammonia solution 50%, and then the precursors were 
mixed thoroughly to ensure the homogeneity.  The produced mixtures were fired 
at different temperatures from 750 to 1050 oC. 

 
Results and Discussion 

 
The crystal structural of the obtained CPCs was studied by X-ray 

diffractometry (Schimadzu-7000 diffractometer) using Cu Kα radiation beam 
(λ=0.154060 nm), operating at 30 kV and 30 mA with a copper target. Data were 
collected between 10° and 80° in 2θ. 

 
The surface morphologies were observed on a JEOL JSM 6360LA scanning 

electron microscope (SEM). Through sticking the ESC bead on the holder then 
sputtered with gold before the examination. 

 
Figure 1 showed the X-ray diffraction patterns of the prepared powders with 

different Ca/P ratio and calcined at 750oC. It was observed that for the highest 
Ca/P ratio (1.65) pattern showed pure hydroxylapatite (HA) phase with XRD 
pattern in agreeing with ICDD card no.9-432. As the Ca/P ratio decreased to 1.49 
HA still the predominant phase with the minor appearance of calcium 
pyrophosphate (Ca2P2O7) ICDD card No. 9-345 with increasing the amount of 
phosphoric acid added. As the Ca/P ratio decreased to 1.33, the pattern showed 
β-tricalcium phosphate was developed with pattern agree with ICDD card No. 3-
690, meanwhile in the case of Ca/P ratio 1.29, pyrophosphate was found to be 
the predominant phase with the highest amount of phosphoric acid added. 
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Fig. 1. X-ray diffraction of calcium phosphate ceramics prepared with Ca/P ratio 

ranging from 1.65 to 1.29 and calcined at 750oC. 

 
As the calcination temperature increased to 900oC (Fig. 2) hydroxyapatite 

phase still the only phase developed with Ca/P ratio 1.65 and the decrease of the 
Ca/P ratio to 1.49 accompanied by the appearance of minor pyrophosphate phase 
with major HA existence. β- tricalcium phosphate was the only phase detected 
and with further decrease in Ca/P ratio pyrophosphate phase was the 
predominant phase.  

 
Figure 3 represents samples calcined at 1050 oC, at this temperature even 

with CA/P 1.65 the major detected phase was β- tricalcium phosphate, and also, 
for Ca/P 1.49 the major phase detected was β- TCP with the minor existence of 
pyrophosphate. In the case of Ca/P ratio1.33 pure β-TCP was developed, 
meanwhile for Ca/P ratio 1.29 was identified as the major phase.  

 
Figure 4 showed the scanning electron microscopy images of the prepared 

samples with different CA/P ratios and at different calcination temperatures. It was 
noticed that for Ca/P ratio 1.65 (Fig. 4a-c)] the images showed for calcination 
temperatures 750 oC (Fig. 4a) and 900oC (Fig. 4b) average particle size ~400 and 
~600 nm, respectively.  Meanwhile, for the sample fired at 1050 oC (Fig. 4c), the 
image showed particle size increase up to ~ 1.5µm. This increase in particle size 
could be devoted to the appearance of pyrophosphate phase which was cited to 
enhance grain enlargement through its tendency to make bridging between other 
calcium phosphate particles (26). In the case of Ca/P ratio 1.49  (Fig. 4.d-f), there 
was particle size increase with the increase of calcination temperatures. Also, it 
was observed that the appearance of the pyrophosphate phase enhances the particle 
size increase. 
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Fig. 2. X-ray diffraction of calcium phosphate ceramics prepared with Ca/P ratio 

ranging from 1.65 to1.29 and calcined at 900oC. 

 
 

 
Fig. 3. X-ray diffraction of calcium phosphate ceramics prepared with Ca/P ratio 

ranging from 1.65 to1.29 and calcined at1050oC 
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Fig. 4. Scanning electron microscope of calcium phosphate ceramics prepared with 

Ca/P ratio ranging from 1.65 to 1.29 and calcined at 750- 1050oC (Ca/P 

=1.65 at 750, 900 and 1050oC: a,b and c), (Ca/P =1.49 at 750, 900 and 

1050oC : d,e and f), (Ca/P =1.33 at 750, 900 and 1050oC, g,h and k) and 

(Ca/P =1.29 at 750,900 and 1050oC, l, m and n) 

  
Figure 4 (g-k) represents samples prepared with Ca/P ratio 1.33 in which a 

significant image shape of β- TCP for samples at 750 oC and 900 (Fig. 4-g and 
Fig. 4-h) respectively(27). In Fig. 4-k, the image showed the appearance of the 
monoclinic structure of pyrophosphate phase could be noticed. Images in (4.l-n) 
showed particle size range smaller than that predicted in other Ca/P ratios. This 
relative decrease in particle size could be devoted to the existence of 
pyrophosphate phase which referred in the literature as the smallest particle size 
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among calcium phosphate ceramics as pyrophosphate has the least density 
among other CPCs (27). 

 
Conclusion 

 

In the present study calcium phosphate ceramics were prepared using 
eggshell precursor treated hydrothermally with phosphoric acid. Effect of Ca/P 
ratio as well as the calcination temperature was studied. It was concluded that: 
- For Ca/P ratio 1.65 at calcination temperature 750 and 900oC HA was the 

major phase developed and as the temperature increases up to 1050 β-TCP was 
the major phase detected. 

- For Ca/P ratio 1.49 at calcination temperature 750 and 900oC HA was the 
major phase developed with the appearance of minor pyrophosphate phase and 
as the temperature increases up to 1050o

C β-TCP was the major phase also 
detected with the appearance of pyrophosphate phase. 

- For Ca/P ratio 1.33 at calcination temperature 750, 900 and 1050o
C pure β-TCP 

was detected. 
- For Ca/P ratio 1.29 at calcination temperature 750, 900 and 1050oC 

pyrophosphate phase was developed as a major phase. 
 
The SEM images supported the XRD results showing small particle size for 

HA and pyrophosphate phases. Also, as the calcination temperature increased the 
particle size increased. The appearance of pyrophosphate phase accompanied 
with much more increase in particle size due to its bridging effect. 
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تشكيل االطوار وتقييم سيراميكيات فوسفات الكالسيوم المحضرة 

 قشر البيض مخلفات باستخدام
  

، منى محمود عبد اللطيف أمل مزارع ابراهيم
*

 و دمحم دمحم عبد المنعم سليم 

و المركز القومى للبحوث، –قسم الكيمياء الفيزيقية 
*

 -التصنيع  قسم تكنولوجيا 

 .مصر –األسكندرية  –مدينة األبحاث العلمية والتطبيقات التكنولوجية 

 

 

تعتبر سيراميكيات فوسفات الكالسيوم واحدة من أهم المواد الحيوية غير العضوية 

تم تحضير فوسفات  في البحث الحالى. المستخدمة في التطبيقات الطبية الحيوية

بعد تنظيف قشر .  الكالسيوم من قشر البيض كمخلف طبيعى وحمض الفوسفوريك

وكانت االطوار التي تم . البيض وتحويله إلى أكسيد الكالسيوم عن طريق حرقه

الحصول عليها من هذه العملية تعتمد ليس فقط على نسبة الوزن من مسحوق قشر 

ة الحرارة ، ولكن أيضا على درج(P /Ca)البيض المكلس وحمض الفوسفوريك 

و (   P/Ca ) تمت دراسة آثار نسبة. تم الحصول عليها ىالتكليس من الخليط الت

تخدام حيود درجة حرارة التكليس وتم تقييم االطوار التى تم الحصول عليها باس

 (.SEM)الماسح  ىاإللكترونوالمجهر ( XRD) ىاألشعة السينية الطيف

 

 


