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Abstract:

Calcium oxide from discarded eggshells and waste soda-lime-silica were utilized in
this study to make wollastonite (CaSiO;) based glass-ceramics. The calcium oxide and silica
were made using the melt-quenching process and sintered for 2 hours at 700 to 1000 °C. The
XRD data verified that the wollastonite crystalline peak appeared at high sintering
temperatures, with crystalline phase values of 39.74%, 47.37%, and 48.91% as the sintering
temperature increased at 800-1000°C, respectively. Additionally, crystalline size and phase
have no obvious change at 800-1000°C, where the intensity has increased by the sintering
temperature. The FTIR spectra revealed the wollastonite phase vibration at the wavelength of
501, 650, 715, 808, 931, and 2129 cm’. Additionally, the FTIR spectral confirm the Si-O-Ca
vibration band at the wavelength of 650 cm’'. For the optical sample, the value of indirect
allowed transition with n=2 is the ideal value of the optical band gap based on a band gap
rise from 3.89 to 4.23 eV with increasing sintering temperature. The value n=2 which is the
indirect allowed transition is the optimal value of the optical band gap based on the value
increase from 3.89-4.23 eV as the temperature increase. The synthesis approach introduced
the low-cost method, recycle approach, simple and yet uses cheap starting materials for
fabrication of wollastonite glass-ceramics product.
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1. Introduction

Wollastonite is also known as calcium silicate (CaSi03) and is a calcium inosilicate
found in nature [1]. Triclinic wollastonite, monoclinic wollastonite, and triclinic wollastonite
are the three types of high-temperature wollastonite. The type of wollastonite used at high
temperatures is cyclo-wollastonite [2]. Wollastonite is currently widely employed in ceramics
fabrication, metallurgical processing, architecture, construction, glass glazes, and a variety of
other industrial sectors [3]. Wollastonite was frequently employed in coat implants in earlier
research to stimulate pulp regeneration, bone regeneration, and dental tissue remineralization.
These important qualities include high bioactivity, excellent mechanical capabilities, and high
porosity [4]. The structure of para-wollastonite is unusual, having lengthy chains of silicon
tetrahedra (S10,)4 [5].
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Eggs were frequently used as foods and consumables as waste products. As a result,
some articles suggested that recycled eggshells may be used as a new low-cost application
material to safeguard the environment [6]. Egg-shell waste (ESW) is a type of agricultural
waste that is typically regarded useless and abandoned, and it also contributes to
environmental damage [7]. Calcium carbonate (96%), magnesium carbonate (1%), calcium
phosphate (1%), and organic materials comprise up the chemical composition of eggshells (by
weight) [8]. Eggshells can also be used as a source of CaCOj; in various applications, such as
limestone or lime [9]. The ESW can create hydroxylapatite, which is useful for bone repair
and tissue regeneration [10], as well as bone and teeth. [11].

Soda-lime-silica formed by these substances, which contains 70% silica (Si0O,), 12-
15% sodium oxide (Na,O), 10%-15% calcium oxide (CaO), potassium oxide (K,O), and
aluminum oxide (Al,O;) [12], and soda-lime-silica (SLS) glass waste has a large volume
globally [13]. SLS glass can recycle and synthesize new material based on benefits softened
due to its softening [14] and remelted numerous times properties, excellent resistance to
thermal shock strong thermal shock resistance, high UV transparency, non-electrical
conductors, low melting point, good outstanding chemical stability and are diamagnetic
characteristics diamagnetic properties [15,16]. Packaging, glass containers, windows, glass
housing, insulating materials, and bioactive material industries are among the areas that use
SLS glasses [17, 18]. Some earlier articles claim that reusing SLS glass to create glass-
ceramic is a cost-effective and environmentally friendly solution to substitute silicon dioxide
(S8i0,) resources [19]. Hou et al, Glass samples of 15Ca0-65Si0, were sintered at 800-
1000°C for 2 hours to produce the only crystalline phase which is the wollastonite [20]. The
crystallinity of wollastonite was found to be altered by autoclaving and sintering parameters
in a recent study [21]. According to a previous study, a-wollastonite glass-ceramic is built of
collaborative pseudo-wollastonite and amorphous phase at 1200 °C [22]. On the basis of Na-
Ca-phosphate and fluorapatite, Mahdy et al. created a glass-ceramic base. They discovered
that the density of samples with glass-ceramic was better than that of matching glass samples,
with density values ranging from (2.50-2.92 g/cm’). According to the article, density is
created by increasing temperature during the heat treatment process, which causes the
remaining pores to disappear or the creation of increasingly denser crystalline phases [23].
The volumetric density (2.82 g/cm’) of glass-ceramics generated from tailings waste (CaO-
AL0;-Si0,) at 950°C for 2 hours was reported in a previous article [24]. Although some
articles have reported the production process of glass ceramics [25,26], it is still essential to
focus on developing cost-effective and recyclable materials to enhance the production
efficiency of glass ceramics. Additional data is necessary to explore the factors influencing
the formation of wollastonite glass-ceramics with physical, structural, and optical properties,
intending to reduce manufacturing costs and optimize the process of forming glass ceramics.
As a result, the ESW and SLS waste glasses will be highlighted and are the main interest of
this study due to their excellent mechanical and optical qualities and good chemical stability
in producing wollastonite glass-ceramic [1]. Wollastonite glass-ceramic uses CaO-SiO, -B,0;
as raw materials and is efficiently produced by melt quenching and sintering methods. This
paper investigated the effect of sintering temperature on the formation of glass ceramics and
provided more insights into the efficient glass-ceramic process with the optimum calcium
oxide content.

2. Materials and Experimental Procedures
2.1. Preparation of Sample

As part of the preparation process for obtaining CaO powder and SLSW powder, the
raw materials of soda-lime-silica glass ( Si0,) waste (SLSW) and eggshell (CaCO;) waste
(ESW) was cleaned and dried. The source glass bottles, the SLSW glass wastes were gathered
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from the South City Plaza Serdang, Selangor, Malaysia. The eggshell debris was recovered
from a restaurant in Putrajaya, Malaysia. The eggshells were processed CaO by heating
temperature is 900°C for 2 hours and the sieving size of a particle is 45 um. SLSW powder
with a particle size of 45 um was prepared by crushing, plunging, milling and sieving. An
electronic digital balance was used to weigh both the ES and SLS powders with an accuracy
of 0.0001g. Table I and Table II show a group of preparation samples that empirical formula
is [ESW[SLSW]ip0x.15 [B2O3]15s where x= 5 wt.%, 10 wt.%, 15 wt.% with 40g as total weight
via melt-quenching method at 1450°C with 3 hours 15 minutes. After melt-quenching, the
homogenous glass powder was milled and sieved with a particle size of 45 um. Using the
Specac Manual Hydraulic Press and polyvinyl alcohol to produce a 13mm-diameter and
2mm-thickness pellet. To produce crystallization, place the pellet-sinter in the air for 2 hours
at varying temperatures (700°C-1000°C) at a slow heating rate of 10 °C/min. The sample
preparation flow chart is shown in Fig. 1.

Tab. I Ratio of ESW to SLS glass powder with B,Os.
ESW (Ca0O) SLSW B,0;
5% 80% 15%
10% 75% 15%
15% 70% 15%
Tab. II The empirical formula and weight ratio of ESW (CaO) to SLSW glass.
. . Weight (g)
Empirical Formula
S 1
ample [ESLISLShunvis[B2Olis [y ESW(C20)
1 S(ESW)80(SLSW)15(B,05) 32 2 6
10(ESW)75(SLSW)15(B,05) 30 4 6
3 15(ESW)70(SLSW)15(B,03) 28 4 6
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Fig. 1. Schematic of sample preparation.
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2.2. Sample characterization

The XRD measurement analyzed the crystalline phase by utilizing PANalytical
(Philips) X’Pert Pro PW3050/6 with Ni-filtered Cu-Ka radiation of 1.5406 A, including the
accelerating voltage 40 of kV and the input current of 40mA. The Fourier transforms infrared
spectroscopy (FTIR) was conducted in the wave number range of 400-4000 cm™'. The optical
results of samples were evaluated using UV-Vis spectroscopy (UV-3600 UV-VIS-NIR), the
transmission range of UV-Vis is between 220-2600 nm.

The bulk density (p bulk) of the samples was measured at room temperature, by
Archimedes’ principle with the formula as shown in Equation (1).

Wair

Pbulk = ( ) X Pwater (D

Wair—Wwater

where W,;, is a sample’s weight in the air, W, is a sample’s weight in water and is a density
of water (1 g/cm3).

The sample’s shrinkage (S) was determined as the percentage of length reduced in
samples after heat treatment. The percent of the sample’s shrinkage is calculated as in
Equation (2):

LE = dfdi x 100% )

4

where d; is the pallet's diameter before sintering and d; is the pallet's diameter after the
sintering procedure. The linear expansion (LE) of the samples was measured by subtracting
the sample’s diameter (dj) after sinter, which after the sinter sample’s diameter to the diameter
of the sample before sinter, initial diameter (d;) using a digital vernier caliper (Mitutoyo 500-
196-20, Kanagawa, Japan).

3. Results and Discussion
3.1. Physics Analysis

The density of glass-ceramics grew from 2.61 g/cm’ to 2.83 g/cm’ while sintering at
700-1000°C, as shown in Fig. 2. Fig. 2 depicts the density increase with a constituent from the
initiation density to reveal that the glass-ceramic formed base on the densification proceed in
the based glass structure. Respectively, glass-ceramic whose CaO content is 15% at 1000°C
was demonstrated that showed more efficient wollastonite to compare the rest of the sample
by the theoretical density of wollastonite is 2.9 g/cm’ [27]. Wollastonite has the largest bulk
density (2.83 g/cm®) when heated to 1000°C, hence the density of the fabricated wollastonite
glass-ceramic sample is around 97.5 percent of the theoretical density. This helps to explain
why the sintering of the wollastonite sample was so effective. As a result, the density obtained
using the Archimedes approach was shown to be extremely accurate in comparison to the
theoretical value.

With a sintering temperature of 1000°C, the sample density was enhanced from
2.61 g/em’ to 2.83 g/em’, with a Swt% to 15wt% content of ESW. The amount of crystallite
has been increased where by sintering samples with high content of ESW CaO because the
content of ESW CaO would affect the value of density [28]. Whereas the sintering
temperature is another factor that affects the value of the wollastonite density. Fig. 2 indicated
that the density of 5%-15% ES is increased by the temperature of 700°C up to 1000°C. The
density of glass-ceramic increased with the sintering temperature because the glass-ceramic
structure has densification and sedimentation of crystal. Densification of the sample occurs as
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the pressure increases with the temperature increase, and the pores at high temperatures cause
the sample to be denser [29].
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Fig. 2. Graph of density against temperature for different composition.

Tab. III Table of density and linear shrinkage against temperature for different composition.
Linear Shrinkage

Sample Temperature (°C) Density (g/cm3) (%)

700 2.610 9.230

| 800 2.680 9.760
900 2.750 10.300

1000 2.830 13.800

700 2.637 10.100

800 2.678 12.760

2 900 2.765 13.300
1000 2.810 14.070

700 2.637 10.100

3 800 2.678 12.760
900 2.765 13.300

1000 2.810 14.070

700 2.616 11.070

800 2.660 13.300

4 900 2.743 14.100
1000 2.790 14.300

The linear shrinkage of the glass-ceramic samples with 15% ESW(CaO) against heat
treatment temperature is shown in Fig. 3. The highest shrinkage percentage is 14.3% with
15%ESW by the sintering temperature increasing to the 1000°C and the lowest linear
shrinkage of glass-ceramic is 9.23% with 5% ES when the sintering temperature is 700°C.
Fig. 3 shows that the linear shrinkage increased as the sintering temperature rose,
demonstrating that the kinetic energy of the material particles increased as the temperature
rose, causing the particle to vibrate with high amplitude and causing particle diffusion. The
size of the grains increases as the temperature increases while the porosity reduces [30]. The
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sample forms a denser packing to cause the linear shrinkage to increase. This also indicates
the efficiency of the sintering process. As introducing the temperature to the glass-ceramic
samples, the bonding between particles is formed, mainly contributed by a diffusion process
and accomplished by a decrease in volume, the shrinkage takes place and impairs the
dimension and geometrical shape of the samples [31].
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Fig. 3. Relationship of linear shrinkage against temperature for a different composition.
3.2. Structure Analysis

The XRD pattern of glass-ceramics after 2 hours of sintering at 70-1000°C is shown
in Fig. 4. The XRD pattern revealed the phase of glass-ceramics lack of crystallization at
700°C by an amorphous hump at around the 26 of 20° to 80°, whereas the wollastonite and
quartz grew at the peak at 26 = 27.84° when the temperature went up to 800°C. Some
wollastonite-2M phase with ICSD reference code 76-1846 present with some amounts of
anorthite (CaAl,Si,0g) and small quantities of Quartz (SiO,) as the temperature to 900°C and
1000°C. Respectively, the crystalline peak of quartz (CaSi,) and peaks of wollastonite were
exhibited in the XRD spectrum at 900°C and 1000°C to demonstrate the reaction between
SiO, and CaO. The high sintering temperature would promote wollastonite growth in the
pellet because more energy was supplied for rection, which interaction between CaO-SiO, to
happen [32]. The amounts of wollastonite (CaSiO;) were formed by increasing temperature
by 900°C at these peaks, which are 20 of 25.935°, 26.644°, 28.148°, 31.792°, 42.418°,
49.904°, and 51.838°. The crystallinity and crystal content (%) was determined using
Equation (3):

A
c=-"1c
Ap+Ac

x100%  (3)

where C evaluates the crystallinity or the crystal content (%), Ac is the crystalline phase's
diffraction peak area calculated using full width at half maximum (FHWM), and AA is the
amorphous phase's scattering peak area. The optimum of wollastonite crystallinity is 48.91%
where the heat treatment temperature at 1000°C compared with the wollastonite crystallinity
is 47.37% and 39.74% at 800°C to 900°C, and the primary diffraction of optimum
wollastonite peak at 25.743°, 26.516°, 27.575°, 28.011°, 28.546°, 31.565°, 43.355°, 49.765°,
50.805° and 51.65° to correspond the phase whichis (311),(410),(021),(11-2),(121),
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(212),(61-2), (323). The medium crystallite size (d) is evaluated whereby the Scherrer’s
equation formula:

d= % cosf 4)

where the equation is determined by the FHWM and depends on the peak position (2theta).
The medium crystal size of wollastonite with a diffraction peak (1 1 -2) is 28.145 nm. The
crystallite size results were tabulated in Table V to reveal no noticeable changes, which value
is about 28 nm at 28.01°, 28.148°, and 28.048° peak positions with various temperatures. The
intensity and quantity of wollastonite peaks will certainly grow as the sintering temperature
rises to 900°C. The formation of wollastonite peak intensity is more robust by increasing the
sintering temperature above 800°C through reactive crystallization. The formation of the
primary crystalline phase was not affected, but it is also consistent with the increase in
crystallinity and intensity of the sintered sample at temperatures above 1000°C [33].

15%Ca0 Temperature (°C) m-Anorthite, ordered
° 800°C e-Quartz
] ——900°C *-Wollastonite-2M

| 1000 °C

900 °C

Intensity (a.u.)

800 °C

700 °C

T
20 30 40 50 60 70 80
2 Theta (degree)

Fig. 4. XRD pattern of glass-ceramics with 15%CaO sintered at various temperature.

Tab. IV Crystalline size and Crystalline of glass-ceramic with 15% ES at various
temperature.

Heat treatment | Peak position (20) FWHIM Crystalline | Crystallinity
T (°C) (deg) (d9) Size (nm) (%)
700 — — — —
800 27.800 0.344 27.770 39.740
900 28.148 0.345 27.940 47.370
1000 28.011 0.353 28.145 48.910

The FTIR spectra of 15%CaO sintered at 700°C to 1000°C with wave numbers 400
cm” to 4000 cm™ are shown in Fig. 5. The IR absorption was analyzed with the previous
study reference band as shown in Table V. The low frequency at 400-600 cm™ demonstrates
to exhibit of the Ca-O stretching and bending mode of O-Si-O [34, 35]. Fig. 4 depicts the Ca-
O low-frequency band with 500 cm™ to appear the glass-ceramic with 15% ES at 800-
1000°C, inversely the FTIR spectra of glass-ceramic have no peak of Ca-O band by sintering
temperature increase to 700°C. Respectively, the band of Ca-O was visible at a temperature of
800°Cdue to the wollastonite crystal phase being exhibited at high sintering temperature and



96 C. Hongxu et al.,/Science of Sintering, 56(2024)89-103

calcium oxide starting to saturate at 800°C [36]. The mid-frequency at 600-650 cm™ can be
referred to Ca-O-Si vibration band. The band at 650 cm™ represents the Ca-Si-O band with a
wide peak at 700°C, whereas the band appeared strong intense, and sharp peak with a
sintering temperature increase of 800°C to demonstrate the formation of wollastonite by high
sintering temperature and intense of wollastonite by increasing sintering temperature [37].
The two bands which the sintering temperature at 700-1000°C respective peak at 715 cm™ and
812cm™ were determined symmetric stretching vibration of Si-O and Si-O-Si bond bending
by definition of the mid-band with wave numbers range from 600 cm™ to 800 cm™. The
frequency at 931 cm™ and 1203 cm™ relate to asymmetric stretching of Si-O and symmetric
stretching of Si-O-Si bond [38, 39]. In fact, the Si-O band where the range of wave numbers
located in 800-1250 cm™ indicated an intense peak owing to the existence of silica in SLS
glass powder [40]. The slight peak which was about 2050-2250 cm™ indicated the ambient
carbon dioxide and CO, in this glass-ceramic [15]. The modest peak rise in the 2050-2250
cm’' range indicated the presence of carbon dioxide and CO, in glass-ceramic.
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Fig. 5. FTIR spectra of glass-ceramic sintered at various temperatures.

Tab. V IR absorption of glass-ceramic with 15% ES sintered at various temperatures.

Wavenumber (cm™) Vibration Mode Assignment
400-600 Ca-O stretching mode, O-Si-O bending mode
600-650 Ca-0O-Si vibration band
800-1250 Si-O symmetric stretching mode, O-Si-O bending mode
3.3. Optical Analysis

Tauc proposed utilizing optical absorption spectra to estimate the band gap energy of
amorphous semiconductors in 1966. This study also uses the Tauc method to analyze the
optical properties. The x-axis intersection point of the Tauc plot's linear fit approximates the
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band gap energy [41]. The Tau technique is predicated on the idea that the energy -dependnt
absorption coefficient may be state using the equation (6) below:

(ahv) "= C (hv-Eqp) (6)

which represents the optical absorption coefficient, a is the coefficient of absorption, 4 is
Planck’s constant, v is vibration frequency, C represents the constant independent of photon
energy, and E, is the bandgap energy. The E,, is determined by extrapolating the linear (ahv)
" versus hv curves to (ahv) "™ = 0, n = 1/2 for direct allowed band gap transitions and n = 2
for indirectly allowed bandgap transitions [42]. UV-vis spectra of wollastonite glass-ceramic
samples with 15% CaO at various sintering temperatures were observed in the 250-800 nm
range. From a table of wollastonite glass-ceramic with 15% CaO in the 200-800 nm
wavelength region, the energy bandgap was increased from 3.53 to 3.70 eV. The value of Eg
corresponded to the direct allowed transition from 3.2 to 3.45eV, and the indirect allowed
transition from 3.89 to 4.23eV given in the table to show the increasing of samples with
progressing sintering temperature in Tab. VI. In the optical band gap value, the indirect
allowed transition with n=2 is preferred over the E,, (experimental) and direct allowed
transition. Fig. 6 depicts intensive absorption; the absorption curve of wollastonite glass-
ceramic increased with the sintering temperature increasing because of the indirect transition.
Respectively, the energy band gap is more structural rearrangements depending on a scattering
of short wavelength decrease with the increase of sizes and number of developed crystals as
heat treatment duration progresses [43].

The UV-visible spectra of wollastonite glass-ceramic samples containing 15% CaO at
different sintering temperatures were observed in the 250—-800 nm range. As shown in Fig. 7,
the value of Eopt (experimental band gap energy) gradually increases from 3.53 eV to 3.70
eV as the heat treatment temperature rises from 700°C to 1000°C. This indicates that the band
gap energy of wollastonite glass ceramics increases with the heat treatment temperature. This
may be due to the crystal structure rearrangement and defect density change due to heat
treatment. As the size and number of crystals increase, the scattering at short wavelengths
decreases, which may increase the energy band gap [33]. Secondly, we see a similar trend for
the directly allowed transitions(n = 1/2), as shown in Fig. 8. The bandgap energy for the
directly allowed leaps is 3.20 eV at 700°C, increasing to 3.45 eV at 1000°C. This further
supports the idea that the thermal treatment increases the energy bandgap [33]. For indirectly
allowed transitions (n=2), the increase in band gap energy is more significant from 3.89 eV to
4.23 eV, as shown in Fig. 9.

Tab. VI Optical band gap of the glass-ceramic with 15% CaO at various temperature.

Heat . . . Indirect allowed
E,pt (experimental) Direct allowed transition .
treatment V) n=1/2(eV) transition
°C) - n=2(eV)
700 3.53 3.20 3.89
800 3.57 3.25 3.96
900 3.64 3.37 4.05

1000 3.70 3.45 4.23
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Fig. 6. Absorbance spectra of the glass-ceramic with 15% ES heated at various temperatures.
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Fig. 9. The Indirect allowed transition Tauc plots of glass-ceramic with 15% ES heated at
various temperatures.

4. Conclusion

Wollastonite glass-ceramic was effectively produced from SLS-Ca0O-B,0; and made
using melt-quenching and sintering methods. The sintering temperature influences the
physics, structure, and optical properties of glass ceramics. The value of density and linear
shrinkage rose as the sintering temperature was raised, due to the porosity reducing and
forming a dense packing. The XRD results confirmed the wollastonite crystalline peak
appeared at the high sintering temperature. The crystalline size and phase have no noticeable
change at 800-1000°C, where the intensity has increased by the sintering temperature. The
FTIR results confirm the CaO, SiO,, and Ca-O-Si bands, showing the CaSiO; crystal
formation at the wavelength of 650 cm™. The scattering of light with a short wavelength via
the wollastonite crystals increased the optical band value as the sintering temperature
increased, according to UV-vis measurements, highlighting the effect of sintering temperature
on the optical properties of glass-ceramics. Overall, this study significantly advances our
understanding of the interplay between sintering temperature and wollastonite glass ceramics'
physical, structural, and optical properties. The research sheds light on these interactions,
providing helpful information for optimizing the product act ion process and improving the
overall qualities of glass-ceramic materials.
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Caxcemax: Kanyujym oxcud us 006ayeHux mycku jajema u omnaouu cooa-kpeu-Cuiuyujym
Kopuwthienu cy y 060j cmyouju 3a npasmerbe CMAkioKepamuxe Ha 0asu GOIACMOHUMA
(CaSiOz). Kanyujym oxcuo u Ccumuyujym ¢y HANpAae/mweHu NOCMYNnKOM Mon/sbernd U
cunmeposanu cy 2 cama na 700 0o 1000°C. XRD nooayu cy nomepounu 0a ce KpucmaiHu
NUK 80JIACMOHUMA NOJAGUO HA GUCOKUM MEMNEPAMYPAMA CUHMEPOBARbA, ca 8PEOHOCIUMA
kpucmanne ¢pase 00 39,74%, 47,37% u 48,91% kaxo ce memnepamypa CuHmeposarba
nogehana na 800-1000°C, pecnexmusno. Iloped moea, éenuyuna u gasa xpucmaia wemajy
ouueneone npomene na 800-1000°C, 20e ce ummensumem nosehasa ca memnepamypom
cunmeposara. FTIR cnexmpu cy omxpunu eubpayuje aze 60iacmoHuma HA MAIACHOJ
Oyacunu 00 501, 650, 715, 808, 931 u 2129 cm’’. Ioped moza, FTIR cnexmap nomephyje
oncez subpayuja Si-O-Ca na manacnoj dyaicunu 00 650 cm”. 3a onmuuku ysopax, epednocm
UHOUpEeKMHO2 00380./beH02 Npenasa ca n=2 je udeaina 6peOHOCH ONMUYK02 Nojaca Ha OCHOBY
nopacma nojaca 00 3,89 0o 4,23 eV ca noseharwem memnepamype cunmeposarsa. Bpeonocm
n=2 Koja npedcmasmpa UHOUPEKMHU 00360/bEHU NPENd3 je ONMUMAaiHa peoHOC ONMU4Ko2
nojaca na ocunogy nosehara epeonocmu 00 3,89-4,23 eV ca nopacmom memnepamype.



C. Hongxu et al.,/Science of Sintering, 56(2024)89-103 103

Ilpucmyn 060j cunmesu ygeo je HUCKe yeHe, NPUCIYN PEYUKILANICU, JeOHOCMABAH je, a
KOpucmu jegpmure novemue mMmamepujaie 3a npou38o0ry 801ACMOHUMHE CIMAKIOKePpAMUKE.
Kuwyune peuu: Omnaono cmakino, monmwere, eycmuna, XRD; UV-Vis.

© 2024 Authors. Published by association for ETRAN Society. This article is an open access
article distributed under the terms and conditions of the Creative Commons — Attribution 4.0
International license (https://creativecommons.org/licenses/by/4.0/).



https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Tab. III Table of density and linear shrinkage against temperature for different composition.
	The linear shrinkage of the glass-ceramic samples with 15% ESW(CaO) against heat treatment temperature is shown in Fig. 3. The highest shrinkage percentage is 14.3% with 15%ESW by the sintering temperature increasing to the 1000℃ and the lowest linear...
	Fig. 3. Relationship of linear shrinkage against temperature for a different composition.
	3.2. Structure Analysis
	The XRD pattern of glass-ceramics after 2 hours of sintering at 70-1000 C is shown in Fig. 4. The XRD pattern revealed the phase of glass-ceramics lack of crystallization at 700℃ by an amorphous hump at around the 2( of 20  to 80 , whereas the wollas...
	𝐶=,,𝐴-𝐶.-,𝐴-𝐴.+,𝐴-𝐶..𝑥100%       (3)
	where C evaluates the crystallinity or the crystal content (%), Ac is the crystalline phase's diffraction peak area calculated using full width at half maximum (FHWM), and AA is the amorphous phase's scattering peak area. The optimum of wollastonite c...
	𝑑=,0.9-𝛽.𝑐𝑜𝑠𝜃           (4)
	where the equation is determined by the FHWM and depends on the peak position (2theta). The medium crystal size of wollastonite with a diffraction peak (1 1 -2) is 28.145 nm. The crystallite size results were tabulated in Table V to reveal no noticeab...

