
The 2nd International Conference on Multidisciplinary Engineering and Applied Sciences (ICMEAS-2023) 

 

979-8-3503-5883-4/23/$31.00 ©2023 IEEE 

CHARACTERIZATION OF WHEAT HUSK ASH 
AND CALCINED EGGSHELL AS POTENTIAL 

GLASS FORMER  
 

 Serifat Olamide Adeleye             
 Department of Industrial Chemistry 

 Nile University of Nigeria 
 FCT, Abuja, Nigeria 
 serifatolamide@gmail.com  
 

Peter Pelumi Ikubanni 
Department of Mechanical 

Engineering, Landmark University  
Kwara, Nigeria 

ikubanni.peter@lmu.edu.ng  
 
 

 

 Adekunle Akanni Adeleke                                             
 Department of Mechanical 

Engineering 
Nile University of Nigeria 

FCT, Abuja, Nigeria 
Adekunle.adeleke@nileuniversity.edu.n

g 
 

Ayuba Salihu 
Department of Petroleum and Gas 

Engineering, Nile University of Nigeria 

Abuja, Nigeria 
a.salihu@nileuniversity.edu.ng 

 Petrus Nzerem 
Department of Petroleum Engineering                                                                        

Nile University of Nigeria 

FCT, Abuja, Nigeria 
Petrus.nzerem@nileuniversity.edu.ng 

 
Adebayo Isaac Olosho 

Industrial Chemistry Department 
University of Ilorin 

Ilorin, Nigeria. 
adebayoolosho@gamil.com 

 
 

Abstract—Numerous agricultural byproducts, such as rice 

husk and straw, bagasse from sugar cane, palm kernel shell, 

wheat husk and straw, corn cobs, etc, are highly desired for the 

production of renewable energy and are seen as potential raw 

materials for high-value products. Because they can be used to 

extract quality silica and Calcium oxide for borosilicate glass 

production, this research has demonstrated that these wastes 

have a significant end value.  X-ray diffraction (XRD) 

spectroscopy, Fourier transform infrared spectroscopy (FT-IR), 

and X-ray fluorescence spectroscopy (XRF) were used to 

characterize the calcined waste eggshell and wheat husk ash for 

crystal type, compound identification, and chemical 

composition. The findings demonstrated that the amount of 

silica and calcium oxide obtained from agricultural waste could 

be a suitable alternative source for making glass, with calcined 

eggshells having a calcium oxide content of 91.7% and wheat 

husk ash having a silica content of 71.3%. The potential for 

utilizing the CaO and amorphous silica in the formation of glass 

is thus intriguing. 

Keywords— Borosilicate, Wheat husk, Calcination, Leaching, 

Agrowaste, Quartz. 

I. INTRODUCTION 

Glasses are a special category of materials containing 
essential elements like network formers, modifiers, and 
intermediates, giving each type of glass its unique properties. 
Glasses with a silica structure have long been used in places 
like breweries, bottling plants, window panes, cars, buildings, 
etc. Since silicate glasses have extraordinary 
physicochemical properties and can be used in optical 
components like fiber optics[1], lamp envelopes, mirror 
lenses,  prisms, and selective absorption at specific 
wavelengths are just a few of the technological uses of 
borosilicate (BS) glasses [2]. They have recently drawn 
significant attention for their potential use in a variety of 
industrial fields. These applications result from the materials' 
high purity, mechanical strength, thermal stability, and 
resistance to chemical attack [3], as well as their cost-
effectiveness, wide range of high optical transparency, high 
bond strength, and small cation extent [4]. Industrialization 

and diversification are crucial when taking into account the 
need for glass raw materials in the nation, especially in the 
regional markets. A significant consumer of glass products 
currently meets their needs through imports due to a limited 
supply [5]. This practice restricts the production schedule of 
businesses that use glass products as feedstock in their 
manufacturing, which leads to high production costs for 
consumers to purchase such products. Agricultural waste has 
the potential to replace imported chemicals very effectively 
while also reducing the environmental damage brought on by 
careless waste disposal [6]. Due to the easy availability of key 
raw materials used in production, the high market demand for 
these products has been easily met. Several useful materials 
have been made from agricultural wastes to alleviate the 
difficulties associated with their disposal [7]. However, if 
new applications are found for these wastes, there may be a 
chance for a society that is more biodegradable. 

A useful inorganic chemical compound with many uses is 
silicon dioxide, also known as silica (SiO2). It is present in 
large quantities in the crust of the earth and is a naturally 
occurring form of quartz sand that can be amorphous, 
crystalline, or gel. Agricultural waste products such as palm 
kernel shell ash [8], wheat husk ash (WHA)  [9], sugar cane 
bagasse ash [10], rice husk ash [11], etc. also contain silica. 
Due to its high silica content derived from the earth during 
growth, wheat husk (WH) has recently been used as a novel 
silica source among wastes. The majority of this waste could 
be turned into a new source of silica for this country. Silica-
rich wheat husk ash is produced when the organic material in 
WH burns in the air and decomposes [12]. Due to silica 
content, wheat husk ash is valuable. The only renewable 
source that is frequently mentioned in the literature for 
producing value-added silicon materials is rice husk ash. [13]. 
Silicon dioxide can be extracted properly through leaching. 
Leaching refers to the procedure of removing a substance 
from a solid using a liquid extraction medium. The desired 
element diffuses into the solvent while it is still in its natural 
solid state [11,5]. Temperature, contact time, and solvent 
choice are three crucial variables in the leaching process. 
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Mass transfer and solubility can be improved by adjusting the 
temperature. 

Calcium oxide (CaO) is an amorphous substance that is 
used as a glass modifier and comes in crystalline or powdery 
solid form. Li, Na, K, Ca, and Mg are "alkali or alkali-earth 
cations" that can be used to modify silicate glasses to change 
their properties in a variety of applications, including laser 
optics for starting fusion reactions, and medical and dental 
implants [14].  CaO can be made using either natural or 
inorganic raw materials as the starting point [15]. Many 
scientists have investigated various inexpensive natural 
biological sources, including plants, fish bones, seashells, 
eggshells [16], etc. About 98% of eggshell is calcium 
carbonate, with traces of phosphorus and magnesium [17]. In 
order to prepare calcium oxide, chicken eggshell offers a 
desirable and affordable calcium source. The calcination 
procedure can transform CaCO3 into calcium oxide (CaO) as 
shown in (1). 

 ����� → ��� + ���                                       (1) 

     CaO, which was the active phase in the eggshells, 
required a temperature above 800oC for the calcination 
process to take place [16,17,18].  

The main goal of this research is to synthesize calcium 
oxide from eggshells and bio-silica from wheat husks, as well 
as examine the characteristics of calcined eggshells and wheat 
husk ash for the production of borosilicate glass. This study's 
methodology is cost-effective, environmentally friendly, and 
it offers the chance to use agro-waste for technological 
applications. 

II. MATERIALS AND METHODS 

A. Material Collection 

The wheat husk used to make bio-silicate was obtained 
from a farm in Maiduguri, Nigeria, and the chicken eggshells 
waste from restaurants in Suleja, Nigeria. 

B. Preparation of sample 

The used chicken eggshells were washed to get rid of any 
dirt or other debris that had adhered to the shell's surface. 
After removing the internal white membrane, the shell 
underwent a thorough distilled water rinse. then dried for 
three hours at 105°C in the oven to remove any remaining 
water from the eggshell. The dried eggshells were blended 
until smooth. The eggshell was heated in a furnace at 800, 
900, and 1000oC for 5 hours. In order to produce pure CaO 
compounds and remove impurities associated with the 
chicken eggshell, high temperatures are used during the 
calcination process. 

The wheat husk was cleaned thoroughly to remove all 
remaining trash and extra-biological material. 1.0 M 
hydrochloric acid (HCl) was used to prepare the wheat 
husk, the mixture was then heated for 2 hours at 100oC for 
about an hour. Following a distilled water rinse to remove any 
remaining hydrochloric acid, the leached wheat husk was then 
dried for 3 hours at 105°C. Finally, the dried wheat husk was 
burned for 5 hours at a temperature of 700 °C in an alumina 
crucible to produce a pure wheat husk ash (Bio-silicate). 
These outcomes will be used later for the production of 
borosilicate glass. 

C. Characterization Method 

1) X-Ray Fluorescence (XRF) analysis 

XRF model of “PanAlytical Epsilon 4" was used to 

determine the percentage of CaO in the sample by analyzing 
the elemental composition of calcined eggshells and wheat 
husk ash. Using an agate pulverizing device (planetary micro 
mill pulverisette 7), the sample was ground into powder. A 
150μ mesh sieve press was used to press the sample. This was 
done to guarantee the samples' homogeneity. The outcomes 
are given in Tables I and II. 

 
2) X-ray Diffraction characterization 

Phase identification and quantification, as well as 
calculating the percentage of crystallinity of calcined chicken 
eggshell and wheat husk ash, were done using the Rigaku 
Miniflex XRD apparatus. The X-ray diffractometer has an 
acceleration voltage of 30 kV (fixed), a current of 15 mA 
(fixed), a scan range of 2θ = 2o - 145o, and a scan speed of 
0.01-100 o/min. The X-ray source is a copper anode (
 Cu 
Kα, radiation = 1.5406 Å ). The diffraction patterns were 
analyzed using the Joint Committee on Powder Diffraction 
Standards (JCPDS).  

 
3) Fourier Transform-Infrared (FTIR) Characterization  

Agilent Technology CARY 630 Fourier Transform-
Infrared Spectrometer (FTIR) from Umar Musa Yar'dua 
University (UMYU) Katsina, Nigeria, was used to identify 
the functional groups in the WHA and the calcined chicken 
eggshell samples. Each sample was finely powdered for 
sample preparation. Figure 2 (a) and (b) show the FTIR 
spectra of the wheat husk ash and calcined 
eggshells, respectively. 

III.  RESULTS AND DISCUSSIONS 

A. Elemental Composition Of WHA And Calcinated 

Eggshells 

XRF analysis revealed that the CaO content in calcined 
eggshells increased from 73.3% to 91.7% from raw eggshells. 
According to this finding, CaCO3 had roughly converted to 
CaO. Additional chemical compositions found in the calcined 
eggshell were shown in Table I at different temperature as 
well. Since CaCO3 predominated in the eggshell, CaO was the 
element that was present in the highest concentration. 
According to Prayitno et al.  [19] and Razali et al. [20], the 
same outcome was reported. Calcined eggshell contained 
91.7% CaO, indicating that a rough conversion of the eggshell 
to CaO had taken place. The eggshell may be a naturally 
occurring carbonate-based material despite trace amounts of 
other compositions present [16].  

Table II provides the analysis results of wheat husk ash 
chemical composition. WHA was found to have a 71.3% silica 
content. At 700 oC, the WHA in this study had a higher SiO2 

content than the silica (49.17%) found in Terzioglu et al. 
[23] and  (50–55%) Patel et al  [21]. Different grades of silica 
with various yields can be obtained based on the temperature 
and length of combustions in various treatment temperatures. 
The quantity of silica reported in this study is consistent with 
the findings of Hamza et al., [22] who used rice husk as a 
source of silica for the synthesis of bio-silicate borotellurite 
(BSBT) glass, Since so much silica was successfully extracted 
from WH, this points to the material's tremendous potential as 
a source of silica precursor for glass production.  
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TABLE I.  CHEMICAL COMPOSITION OF RAW AND CALCINED 
EGGSHELLS  

Chemical 

compositi

on 

Raw chicken 

eggshells 

(%) 

 Calcined chicken eggshell (%) 

800 oC  

(%) 

900 oC   

(%) 

1000 oC  

(%) 

MgO 0.0 0.3 7.6 0.0 

Al2O3 0.1 0.1 0.1 0.2 

SiO2 0.3 0.4 0.3 0.4 

P2O3 0.7 0.5 0.6 0.6 

CaO 73.3 79.1 91.3 82.9 

CuO 0.02 0.03 0.0 0.4 

TABLE II.  CHEMICAL COMPOSITIONS OF WHEAT HUSK 
ASH (WT %) 

Chemical composition Weight (%) 

SiO2  71.3 

Fe2O3 6.5 

Al2O3 9.7 

P2O5 6.3 

CaO 1.0 

K2O 2.2 

TiO2 1.7 

Others 3.6 

 

B.  The X-Ray Powder Diffraction (XRD) Result Of 

WHA And Calcined Eggshell. 

X-ray diffraction (XRD) patterns for WHA and calcined 
chicken eggshell samples and the standard JCPDS reference 
were recorded using the Rigaku Miniflex diffractometer in 
Figure1a and 1b. It can be inferred from the WHA spectrum 
in Figure 1(b) that WHA exhibits some amorphous 
characteristics despite having some degree of crystallinity 
[23]. The WHA used in this study contains quartz and in 
accordance with Joint Committee on Powdered Standard 
(JCPDS) data number (00-003-0419). The X-ray powder 
diffraction (XRD) pattern of the spectrum also displayed a 
high intensity peak (Figure 1b), while the low intensity peaks 
can be attributed to additional oxides found in the WHA 
[22,23] between 26o and 30o, an amorphous hump was seen; 
this might be because amorphous glassy material is present. 
A high intensity peak was seen at 26.9o that corresponds to 
the silicates present in WHA [24]. X-ray diffraction phase 
analysis reveals that the predominant form of quartz (SiO2), 
kaolinite (K) and Muscovite (M) (00-002-0467) in WHA 
exist as crystalline.  

 

 
Fig. 1. XRD pattern of wheat husk ash and calcinated eggshells 

 The eggshell was calcined at 900 °C for 5 hours and is 
depicted in Figure 1a as an X-ray diffraction spectrum.  At 
2Ѳ =34.37, the principal peak became visible. Additionally, 
the spectrum of this substance exhibits a number of peaks at 
2Ѳ = 18.31, 28.98, 34.37, 47.32, 50.99, 54.69, and 63.02. 
Calcium hydroxide (Ca(OH)2 portlandite) with JCPDS data 
number (04-014-7723) is produced by the longer calcination 
time at 900 °C for 5 hours as a result of a reactive moisture 
adsorption [16,24]. Also, the phase transformation is 
dependent on the calcination temperature and time.  
Wollastonite (W), calcite (C), and portlandite (P) are all 
indicated by the main peak of the XRD phase analysis.  

C. Compound Identification 

The functional group of various parameters in the 
calcined eggshells and wheat husk ash is identified using FT-
IR. In Figure 2a, it was observed that the characteristic peaks 
at 1058cm-1  was ascribed to the asymmetric  stretching of O-
Si-O [26,27]  and Si-OH stretching vibration of silanol group  
at around 782 cm-1 consistent with the result obtained by 
Tezgiolu et al.[27], Tezgiolu et al.[23] and Gouran et al.[22]. 
No broad band is seen at 3300 cm-1, which is assigned to O-
H and denotes the presence of water. These demonstrate that 
the combustion process was successful. These findings 
highlight the prospect of wheat husk as a silica source. 

 

 
Fig. 2. FTIR spectra of (a) wheat husk ash and (b) calcined eggshells 
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IR spectra of calcined eggshells show distinctive bands 
that demonstrate the presence of OH in Ca(OH)2 as shown in 
Figure 2b, peak at about 3600 cm-1. The presence of Ca(OH)2 
in the calcined sample may have resulted to CaO absorbed 
moisture when packing and analysis [27,28]. The inorganic 
compound's CO3

2- functional group at 1468 cm-1 and 1058 
cm-1 indicated that it has not yet completely broken down into 
its most basic form [20], and 864 cm-1 (Ca–O) consistent with 
the result obtained by Goh et al. [16]. The transformation of 
CaCO3 into CaO in the calcined eggshell can be used as a 
modifier in the production of glass. 

IV.  CONCLUSION 

The ash from wheat husk and calcined eggshell was found 
to contain, respectively, 71.7% SiO2 and 91.7% CaO using 
XRF spectroscopy. The XRD analysis of WHA indicates 
amorphous characteristics due to the broad 
spectrum observed and some degree of crystallinity due to the 
additional oxides found in the WHA. It also reveals the 
predominant form of quartz (SiO2) among the phases. CaCO3 
had converted to CaO, as shown by the calcined eggshell's 
XRD and FTIR results. The results from this agricultural 
waste allow for potential use in the production of borosilicate 
glass. 

 

V.    ACKNOWLEGMENT 

The authors thank the technical staff of the Mechanical 
and Civil Engineering Department at Nile University, Nigeria 
(NUN) for allowing them to use their equipment’s. 
 

REFERENCES 

[1] K. S. Shaaban, E. A. A. Wahab, A. A. El Maaref, M. Abdelawwad, 
E. R. El, and S. Yousef, “Judd – Ofelt analysis and physical 
properties of erbium modified cadmium lithium gadolinium 
silicate glasses,” J. Mater. Sci. Mater. Electron., no. 0123456789, 
2020, doi: 10.1007/s10854-020-03065-8. 

[2] S. Azat, A. V. Korobeinyk, K. Moustakas, and V. J. Inglezakis, 
“Sustainable production of pure silica from rice husk waste in 
Kazakhstan,” J. Clean. Prod., vol. 217, pp. 352–359, 2019, doi: 
10.1016/j.jclepro.2019.01.142. 

[3] Y. Tayal and A. S. Rao, “Orange color emitting Sm3+ ions doped 
borosilicate glasses for optoelectronic device applications,” Opt. 
Mater. (Amst)., vol. 107, no. May, p. 110070, 2020, doi: 
10.1016/j.optmat.2020.110070. 

[4] U. S. ad Aliyu et al., “Spectroscopic investigations of Er2O3 
doped silica borotellurite glasses,” Opt. Mater. (Amst)., vol. 114, 
no. March, p. 110987, 2021, doi: 10.1016/j.optmat.2021.110987. 

[5] G. Duvuna and A. Ayuba, “A Study on Silica Sand Quality in 
Yazaram and Mugulbu Deposits for Glass Making,” Niger. J. 

Technol., vol. 34, no. 1, p. 109, 2014, doi: 10.4314/njt.v34i1.13. 
[6] P. E. Imoisili, K. O. Ukoba, and T. C. Jen, “Synthesis and 

characterization of amorphous mesoporous silica from palm kernel 
shell ash,” Bol. la Soc. Esp. Ceram. y Vidr., vol. 59, no. 4, pp. 159–
164, 2020, doi: 10.1016/j.bsecv.2019.09.006. 

[7] J. A. Adebisi et al., “Extraction of silica from cassava periderm 
using modified sol-gel method,” Niger. J. Technol. Dev., vol. 15, 
no. 2, p. 57, 2018, doi: 10.4314/njtd.v15i2.4. 

[8] F. C. Pa, A. Chik, and M. F. Bari, “Palm Ash as an Alternative 
Source for Silica Production,” MATEC Web Conf., vol. 78, 2016, 
doi: 10.1051/matecconf/20167801062. 

[9] N. Surayah Osman and N. Sapawe, “Waste Material As an 
Alternative Source of Silica Precursor in Silica Nanoparticle 
Synthesis-A Review,” Mater. Today Proc., vol. 19, pp. 1267–
1272, 2019, doi: 10.1016/j.matpr.2019.11.132. 

[10] S. Norsuraya, H. Fazlena, and R. Norhasyimi, “Sugarcane Bagasse 
as a Renewable Source of Silica to Synthesize Santa Barbara 

Amorphous-15 (SBA-15),” Procedia Eng., vol. 148, pp. 839–846, 
2016, doi: 10.1016/j.proeng.2016.06.627. 

[11] K. Askaruly, S. Azat, Z. Sartova, M. Yeleuov, A. Kerimkulova, 
and K. Bekseitova, “Obtaining and characterization of amorphous 
silica from rice husk,” J. Chem. Technol. Metall., vol. 55, no. 1, 
pp. 88–97, 2020. 

[12] I. R. Shaikh and A. A. Shaikh, “Utilization of Wheat Husk Ash as 
Silica Source for the Synthesis of MCM-41 Type Mesoporous 
Silicates : A Sustainable Approach towards Valorization of the 
Agricultural Waste Stream,” vol. 3, no. 11, pp. 66–72, 2013. 

[13] S. Rovani, J. J. Santos, P. Corio, and D. A. Fungaro, “Highly Pure 
Silica Nanoparticles with High Adsorption Capacity Obtained 
from Sugarcane Waste Ash,” ACS Omega, vol. 3, no. 3, pp. 2618–
2627, 2018, doi: 10.1021/acsomega.8b00092. 

[14] H. Jabraoui et al., “Thermodynamic and structural properties of 
binary calcium silicate glasses: Insights from molecular 
dynamics,” Phys. Chem. Chem. Phys., vol. 19, no. 29, pp. 19083–
19093, 2017, doi: 10.1039/c7cp03397d. 

[15] K. W. Goh et al., “Effect of pH on the properties of eggshell-
derived hydroxyapatite bioceramic synthesized by wet chemical 
method assisted by microwave irradiation,” Ceram. Int., vol. 47, 
no. 7, pp. 8879–8887, 2021, doi: 10.1016/j.ceramint.2020.12.009. 

[16] N. T. Angboriboon, R. K. Unanuruksapong, and A. S. Irivat, 
“Preparation and properties of calcium oxide from eggshells via 
calcination,” vol. 30, no. 4, pp. 313–322, 2012, doi: 
10.2478/s13536-012-0055-7. 

[17] S. Aina, B. Du Plessis, V. Mjimba, and H. Brink, “Eggshell 
valorization: Membrane removal, calcium oxide synthesis, and 
biochemical compound recovery towards cleaner productions,” 
Biointerface Res. Appl. Chem., vol. 12, no. 5, pp. 5870–5883, 
2022, doi: 10.33263/BRIAC125.58705883. 

[18] R. Rohim, R. Ahmad, N. Ibrahim, N. Hamidin, C. Zulzikrami, and 
A. Abidin, “Characterization of calcium oxide catalyst from 
eggshell waste Characterization of Calcium Oxide Catalyst from 
Eggshell Waste,” no. December 2019, pp. 34–38, 2014. 

[19] A. H. Prayitno, B. Prasetyo, and A. Sutirtoadi, “Synthesis and 
characteristics of nano calcium oxide from duck eggshells by 
precipitation method,” IOP Conf. Ser. Earth Environ. Sci., vol. 
411, no. 1, 2020, doi: 10.1088/1755-1315/411/1/012033. 

[20] N. Razali, F. A. Musa, N. Jumadi, and A. Y. Jalani, “Production of 
Calcium Oxide from Eggshell: Study on Calcination Temperature, 
Raw Weight and Contact Time,” vol. 624, no. April, pp. 624–637, 
2021, [Online]. Available: https://rsucon.rsu.ac.th/proceedings 

[21] K. G. Patel, R. R. Shettigar, and N. M. Misra, “Recent Advance in 
Silica Production Technologies from Agricultural Waste Stream–
Review,” J. Adv. Agric. Technol., vol. 4, no. 3, pp. 274–279, 2017, 
doi: 10.18178/joaat.4.3.274-279. 

[22] A. M. Hamza, M. K. Halimah, F. D. Muhammad, and K. T. Chan, 
“file:///C:/Users/HP/Desktop/bridging/review REE.pdf,” J. 
Lumin., vol. 207, no. November 2018, pp. 497–506, 2019, doi: 
10.1016/j.jlumin.2018.11.038. 

[23] A. Gouran, B. Aghel, and F. Nasirmanesh, “Biodiesel production 
from waste cooking oil using wheat bran ash as a sustainable 
biomass,” Fuel, vol. 295, no. February, p. 120542, 2021, doi: 
10.1016/j.fuel.2021.120542. 

[24] P. Terzioglu, S. Yucel, T. M. Rababah, and D. Özçimen, 
“Characterization of wheat hull and wheat hull ash as a potential 
source of sio2,” BioResources, vol. 8, no. 3, pp. 4406–4420, 2013, 
doi: 10.15376/biores.8.3.4406-4420. 

[25] D. Hernández-Martínez, A. A. Leyva-Verduzco, F. Rodríguez-
Félix, M. Acosta-Elías, and F. J. Wong-Corral, “Obtaining and 
characterization of silicon(Si) from wheat husk ash for its possible 
application in solar cells,” J. Clean. Prod., vol. 271, p. 122698, 
2020, doi: 10.1016/j.jclepro.2020.122698. 

[26] P. Terzioğlu, S. Yücel, and Ç. Kuş, “Review on a novel biosilica 
source for production of advanced silica-based materials: Wheat 
husk,” Asia-Pacific J. Chem. Eng., vol. 14, no. 1, pp. 1–14, 2019, 
doi: 10.1002/apj.2262. 

[27] O. Awogbemi, F. Inambao, and E. I. Onuh, “Heliyon Modi fi 
cation and characterization of chicken eggshell for possible 
catalytic applications,” Heliyon, vol. 6, no. October, p. e05283, 
2020, doi: 10.1016/j.heliyon.2020.e05283. 

[28] T. Witoon, “Characterization of calcium oxide derived from waste 
eggshell and its application as CO 2 sorbent,” vol. 37, no. 2, pp. 
3291–3298, 2011, doi: 10.1016/j.ceramint.2011.05.125. 

 

 

Authorized licensed use limited to: Wikipedia. Downloaded on January 23,2025 at 10:48:18 UTC from IEEE Xplore.  Restrictions apply. 


