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ABSTRACT 
 

The demand for opacifiers in ceramic industries necessitates exploration into sustainable 
alternatives due to the expense and scarcity of traditional materials. Opacifiers are crucial in 
ceramic production, imparting opacity to glazes, and are often imported, increasing production 
costs. As a result of these limitations, this study explored the feasibility of utilizing cow bone ash as 
a cost-effective and sustainable alternative opacifier to tin and zirconium oxides in enamel 
production for ceramic applications. Through a process of recycling cow bone, bone ash was 
synthesized and subjected to chemical analysis. Enamel formulations were prepared using bone 
ash and compared with those containing tin oxide. The physical and chemical properties of the 
enamels were evaluated, including opacity, durability, and resistance to chemical attack. Results 
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indicate that cow bone ash exhibited comparable properties to traditional opacifiers, offering clarity, 
stability, and resistance to chemical deterioration. Moreover, cow bone ash presented a sustainable 
solution, utilizing waste material and reducing reliance on costly imports. This research signifies a 
substantial advancement in ceramic enamel production, promoting sustainability and innovation 
within the industry. By harnessing cow bone ash as an opacifier, ceramists and chemists can 
achieve cost efficiency while mitigating environmental impact, paving the way for a more eco-
friendly future in ceramics. 
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1. INTRODUCTION 
 

Ceramic industries use opacifiers as enamel for 
ceramic production and most small-scale 
ceramic industries depend on imported raw 
materials including opacifiers which are 
expensive. Opacifiers are finely ground materials 
or substances added to another material to make 
the ensuing system opaque. In ceramic 
production, opacifiers are mixed with transparent 
glaze using a line blend. They do not enter the 
glaze melt but remain as small white particles 
suspended throughout the glaze [1]. They reflect 
light and make the glaze opaque, hence forming 
enamel [2].  
 

Enamel is an opaque, glassy, and decorative 
substance that can be applied to metallic or other 
hard surfaces for ornament or as a protective 
coating [3]. The process of enameling includes 
applying a thin coat to metal and other hard 
surfaces at high temperatures, when the enamel 
melts, it fuses to the object. Enamel is useful in 
the production and decoration of many laboratory 
equipment and household goods and appliances 
such as cooking vessels, cooktops, sinks toilet 
bathtubs, wall tiles, dishwashers, and laundry 
machines. Enamel is also used architecturally as 
a coating for wall panels and can be used 
externally to provide weather resistance and 
desirable appearance, or internally to provide 
wear resistance [3–5]. 
 

Bone ash is the white powdered material (ash) 
left from the burning (calcination) of bones. 
Typical bone ash consists of about 55.82% 
calcium oxide, 42.39% phosphorus pentoxide, 
and 1.79 % water [6,7]. The exact composition of 
these compounds varies depending upon the 
type of bones being used, but bone ash is 
primarily composed of calcium phosphate with 
formula (Ca3(PO4)2. It usually has a density of 
around 3.10 g/ml and melts at temperatures 
above 1670 ℃  [8]. Bone ash has been found 
useful as a raw material for ceramic applications 
and other allied industries. In ceramic, calcium 
acts as a stiff glass-former. The calcium oxide 

present in the bone ash gives strength and 
stability to ceramic wares and also serves as a 
fluxing agent in high-temperature glaze [6,9]. 
 

This study was designed to develop an opacifier 
from bone ash that can be used as alternative 
enamel to tin and zirconium oxides which are 
expensive to procure, scarce, and sometimes 
unavailable. The major impact of this study is to 
aid the artistic technique in painting with different 
identified oxides of colour stains which had been 
difficult to achieve on celadon glazes with dark 
colour characteristics. The use of bone as an 
opacifier for this study will also serve as a means 
of converting waste to wealth, enhance solid 
waste management, and encourage innovative 
practice, especially for the development of 
cottage-level ceramic production and institutional 
practice. 
 

2. EXPERIMENTAL 
 

Sample Collection and Preparation: Cow 
bones were collected from abattoirs in Afikpo, 
Nigeria. They were immersed in water for 48 hr., 
washed thoroughly, rinsed, and sun-dried. They 
were boiled in water with the addition of potash, 
washed, rinsed, and dried again. The bones 
were calcined at 1100 ℃ in an electric kiln (Type-
P5900, England) until chemically combined water 
and organic matters were all removed. The 
calcined bone was milled to a finer particle size 
of 5 µm with an Egde milling machine (Pascal 
Engineering, England) with a porcelain jar.  
 
Chemical Analyses: Chemical analysis of 
enamel produced from bone ash was done to 
determine elements such as silicon, aluminium, 
iron, calcium, magnesium, potassium, zirconium, 
sodium, and barium. The enamel was digested 
with HCl/HNO3 mixture using the US EPA 3050B 
method [10]. Before analyzing the enamel with 
atomic absorption spectrophotometer (Bulk 
Scientific, 210 VGP), the instrument was 
calibrated using standard solutions of known 
concentrations for the above elements. 
Calibration curves are constructed by measuring 
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the absorbance of standard solutions at various 
concentrations. Then, the digested enamel 
samples were introduced into the instrument. 
Since the instrument measures the absorbance 
of light at specific wavelengths corresponding to 
the characteristic absorption lines of the 
elements present in the sample, then the 
concentration of each element in the enamel was 
determined by comparing the absorbance of the 
sample to the calibration curve. The 
concentrations of the respective elements were 
later converted into their respective oxides 
[11,12]. 
 

Enamel Formulation: The enamel was 
formulated following the method of Gestrelius et 
al. [13] with slight modifications. Approximately 
100 g of the pulverized sample was weighed with 
an electric weighing balance (Mettler PN163) and 
thoroughly mixed with 40 cm3 of water so that it 
could stick to the body of the ware. The slurry 
product formed was smeared on ceramic wear. 
The smeared items were subjected to firing 
under full oxidation and atmospheric conditions 
at 1100 ℃.  For comparison, tin oxide (reference) 
was prepared and applied in the same manner. 
 

Durability Test: The test ceramic cups imprinted 
with enamels from bone ash and tin oxide were 
immersed in 1.0 moldm-3 solutions of 
hydrochloric acid and sodium hydroxide 
separately overnight. Their resistance to 
chemical attack was observed after 24 hrs. 
 

3. RESULTS AND DISCUSSION 
 

The cow bone after calcination is presented in 
Figs. 1 and 2, respectively are the cow bone ash 
after crushing and the control sample (tin oxide), 
which was used for comparison.  
 

Fig. 3 presents the chemical analysis of bone 
ash. From the result obtained, the calcium oxide 
content of the bone ash was 78.079 %. This high 
value of calcium oxide would give more strength 
and stability as ascertained by Ayilaran [8] to 

ceramic wares when compared to those 
produced with tin oxide. The percentage content 
of phosphorus pentoxide (P2O5) was 0.087 %; 
this showed that the enamel produced from cow 
bone had the characteristics of low thermal 
expansion coefficient, high resistance to thermal 
shock and durability; high chemical resistance, 
rapid setting, and good glossy surface [1,14]. 
Aluminium oxide also increases the viscosity, 
chemical, and thermal resistance. It helps in 
reducing the expansion coefficient and favours 
an opaque finish [6]. 
 
Zirconium oxide content represents the property 
of bone ash as an opacifier. The zirconium oxide 
content as obtained in this research was 0.041 
%. This oxide also improves resistance to acid 
[15]. The % silica component was very low. This 
is expected since low silica content helps to 
harden the vitreous system and increases the 
mix viscosity [14,16,17]. Both magnesium and 
barium oxide performed the same functions of 
integrating anti-acid enamels, increasing enamel 
resistance and viscosity. Zinc oxide is an 
excellent flux that lowers the expansion 
coefficient and improves brilliance and surface 
quality [9,16]. Potassium and sodium oxides 
lower the elasticity and increase enamel 
brilliance. Phosphorus oxide alters the opacity of 
the finish (shining), improves colour stability, and 
reduces chemical resistance. Calcium oxide is a 
very good adherent agent [6,16]. 
 
Physical examination of enamel produced from 
bone ash had a low bloating when compared 
with that of tin oxide. Also, the samples 
decorated with bone ash enamel had a low 
tendency of crawling [18]. In terms of opacity, the 
ceramic cups decorated with bone ash and zinc 
oxide enamels came out brilliantly (Fig. 4). This 
indicated that cow bone ash is a good enamel 
opacifier as tin oxide. The durability test of the 
opacifier produced and that from tin oxide was 
excellent as the ceramic cups were resistant to 
acidic and basic attack [15]. 

 

 
 

Fig. 1. Cow bone after calcination 
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Fig. 2. Bone ash (left) after crushing and commercial tin oxide (right) 
 

 
 

Fig. 3. The chemical analysis (oxides) of bone ash 
 

 
 

Fig. 4. Enamels from bone ash (left) and tin oxide (right) print on ceramic cups 

 
4. CONCLUSION 
 

This research highlighted the promising potential 
of cow bone ash as a sustainable opacifier in 
ceramic enamel production. Through rigorous 

comparative analysis, it was established that the 
enamel formulated from cow bone ash exhibits 
commendable clarity and resistance to chemical 
deterioration, akin to the industry-standard tin 
oxide. The successful application of this 



 
 
 
 

Ajala et al.; J. Mater. Sci. Res. Rev., vol. 7, no. 1, pp. 74-79, 2024; Article no.JMSRR.113261 
 
 

 
78 

 

alternative not only provides a cost-effective 
solution but also addresses concerns related to 
the scarcity of tin oxide. By embracing cow bone 
ash as a viable substitute, ceramists and 
chemists gain access to a resourceful platform 
that not only contributes to cost efficiency but 
also mitigates environmental impact. This 
research thus marks a significant stride towards 
promoting sustainable practices within the 
ceramics industry. The utilization of cow bone, 
once regarded as waste, not only enhances the 
industry's economic viability but also 
underscores the importance of innovative, 
environmentally conscious approaches in 
material sourcing. This study has opened 
avenues for further exploration and 
implementation of alternative materials in 
ceramics, fostering a sustainable and eco-
friendly future for the industry. The successful 
integration of cow bone ash as an opacifier 
heralds a shift towards responsible and 
innovative practices in ceramic enamel 
production and provides a platform for artistic 
painting on ceramic wares. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Ologunwa TP, Akinbogun TL, Kashin IB. 

Developing opacified stoneware ceramic 
products through experimentation with 
waste bones from abattoirs in Akure. 
Nigeria. Arts and Design Studies; 2013. 

2. Sun S, Ding H, Ao W, Liu Y, Chang L, 
Zhang J. Preparation of a CaCO3-TiO2 
composite based opaque glaze: Insight 
into the mechanism of opacification and 
glaze yellowing inhibition. Journal of the 
European Ceramic Society. 2020;40(15): 
6171–6180. 

3. Emordah CS. An approach to ceramic 
decoration and enameling. Mara Mon 
Bros. Ent. Benin City; 2006.  

4. Scrinzi E, Rossi S. The aesthetic and 
functional properties of enamel coatings on 
steel. Materials & Design. 2010;31(9): 
4138–4146. 

5. Clark CS, Rampal KG, Thuppil V, Roda 
SM, Succop P, Menrath W, Yu J. Lead 
levels in new enamel household paints 
from Asia, Africa and South America. 
Environmental Research. 2009;109(7): 
930–936. 

6. Odewale IO, Aluma CC, Ajala LO, Idu FU, 
Amaakaven VTD, Abe OB, Nwachi EO, 
Ogunkunle DK. Effect of Al2O3.2SiO.2H2O 
on the properties of locally developed 
Al2O3-based artificial bone. Sch. Int. J. 
Chem. Mater. Sci. 2021;4:277–282.  

7. Mussi A, Eyidi D, Shiryaev A, Rabier J, 
TEM observations of dislocations in 
plastically deformed diamond. Physica 
Status Solidi - Applications and Materials 
Science. 2013;210:191–194. 

8. Zakariaa Z, Haronb H. Characterisation of 
Local Bone Ash for Bone China 
Production. Journal Teknologi (Sciences & 
Engineering). 2014;66:25–34. 

9. Ayilaran A. Utilization of cow bone ash as 
an opacifier for enamel production and 
industrial design; 2009. 

10. Kimbrough DE, Wakakuwa JR. Acid 
digestion for sediments, sludges, soils, and 
solid wastes. A proposed alternative to 
EPA SW 846 Method 3050, Environ. Sci. 
Technol. 1989;23(7):898–900. 

11. Reitznerová E, Amarasiriwardena D, 
Kopčáková M, Barnes RM. Determination 
of some trace elements in human tooth 
enamel. Fresenius' Journal of Analytical 
Chemistry. 2000;367:748–754. 

12. Shashikiran ND, Reddy VS, Hiremath MC. 
Estimation of trace elements in sound and 
carious enamel of primary and permanent 
teeth by atomic absorption 
spectrophotometry: An: In vitro: study. 
Indian Journal of Dental Research. 2007; 
18(4):157–162. 

13. Gestrelius S, Andersson C, Johansson AC, 
Persson E, Brodin A, Rydhag L, 
Hammarström L.  Formulation of enamel 
matrix derivative for surface coating: 
Kinetics and cell colonization. Journal of 
Clinical Periodontology. 1997;24(9):              
678–684. 

14. Odewale IO, Ajala LO, Tse DT. 
Characterizaton of Unwana beach silica 
sand and its industrial applications. Intl. J. 
Sci. Inn. Dis. 2013;3:93–100. 

15. Alasa S. Production of bone porcelain and 
characterization of its technical properties. 
2005;52:205–212. 

16. Bahroloorn ME, Javidi M, Javadpour S, Ma 
J. Characterization of natural 
hydroxyapatite extracted from bovin 
cortical bone ash. J. Ceram. Proc. Res. 
2009;10:129–138. 

17. Hossain SS, Mathur L, Roy PK. Rice 
husk/rice husk ash as an alternative 
source of silica in ceramics: A review. 



 
 
 
 

Ajala et al.; J. Mater. Sci. Res. Rev., vol. 7, no. 1, pp. 74-79, 2024; Article no.JMSRR.113261 
 
 

 
79 

 

Journal of Asian Ceramic Societies. 2018; 
6(4):299–313. 

18. Waheed M, Yousaf M, Shehzad A, Inam-
Ur-Raheem M, Khan MKI, Khan MR, Aadil 

RM.  Channelling eggshell waste to 
valuable and utilizable products: A 
comprehensive review. Trends in Food 
Science & Technology. 2020;106:78–90. 

 

© 2024 Ajala et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/113261 

http://creativecommons.org/licenses/by/2.0

