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In this study, YAG silicate glasses were prepared by incorporating cerium sulfate and cerium 
oxide salts (composition: 17YO3-33Al2O3-40SiO2-2AlF3-3NaF-2CeO2-3B2O3) using the 
melting method. Subsequently, glass ceramics were obtained through heat treatment of the base 
glasses. According to the photoluminescence spectra of both glasses, emissions were observed 
at wavelengths of 466 nm and 435 nm, attributed to cerium ions.  It was shown that the garnet 
crystals formed less during the heat treatment process in the sample containing cerium sulfate 
compared to the sample with cerium oxide. The emission spectra of both glass-ceramics, when 
excited at 240 nm, fall within the wavelength range of 460 nm. Also, emissions at wavelengths 
of 534 nm and 660 nm were observed under excitation at 340 nm. Heat treatments were 
conducted using three methods: in an oxide atmosphere using a tubular furnace (single-step), 
via spark plasma sintering (SPS) of powder, and in a hydrogen atmosphere (with two-steps 
heating). According to the XRD results, the entry of cerium into the garnet structure was 
affected by the heat treatment duration of 24 h and the temperature of 1060 °C. Finally, by 
comparing the spectroscopic results, it was found that the optical response of the garnet glass-
ceramic synthesized in the hydrogen atmosphere occurred at a wavelength of 400 nm, 
suggesting its potential application in the LED industry. 
© 2024 The Authors. Published by Synsint Research Group. 
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 Introduction 1.

Advancements in materials science will undoubtedly be constrained by 
the scarcity of available data on the microstructure of materials. 
Analyzing the structure of materials characterized by long-range crystal 
order is a routine procedure [1]. White diode lamps are a new 
generation of solid-state lighting fixtures that have become normal in 
our daily lives. Previously, Ce:Y3Al5O12 glass ceramics have been 
suggested as phosphorescent materials. Since Ce:YAG microcrystals 
are deposited within the glass substrate by surface crystallization 
mechanism, they exhibit superior at high temperature and humidity 
conditions compared to traditional commercial LEDs [2–5]. 
In commercial LEDs, phosphorescent materials are typically       
injected  into the  resin matrix. However, in Ce:YAG-GC, Ce3+ ions are 

 
deposited within the Y sites of Ce:YAG microcrystals. These ions emit 
yellow fluorescent light when optically stimulated by a blue LED [6]. 
Hence, the final white light emission can be obtained by combining 
blue excitation light and yellow fluorescence light [7]. The preparation 
of Ce:YAG glasses presents challenges owing to their high melting 
point. Additionally, the process of preparing glass-ceramics is 
particularly complicated due to the elevated alumina content. Various 
efforts have been made to solve this issue, such as incorporating silica 
into the composition of YAG glass [8, 9]. Based on previous research, 
the amounts of silica and alkalis in the primary glass composition 
should ideally remain below 40 mol%. Exceeding this threshold may 
lead to the crystallization of the YAS phase within the system, thereby 
decreasing the crystallization of the YAG garnet phase. Since the 
garnet phase is a suitable host for rare earth ions, its formation in the 
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glass phase is important. On the other hand, the formation of YAS 
phase in the glass system reduces the reflective properties of the glass 
[10]. 
On the other hand, cerium ions can exist in the glass melt in two 
oxidation states 3 and 4. By heat treatment, Ce3+ ion (cerous ion) enters 
the structure of garnet and is replaced with yttria ion, which exhibits 
luminescent properties as a result of crystal splitting [11]. The study 
examining the effect of cerium doping on the microstructure and 
performance of Al2O3–Ce:YAG composite ceramics, fabricated by 
reactive vacuum sintering, recognized the optimal cerium concentration 
for enhancing phosphor efficiency. Results showed that higher cerium 
amounts partially recharge the composites and introduce magnesium 
ions, improving crystal structure stability. Optimal photoluminescence 
intensity was observed in the 0.1 at% Ce3+ sample. The ceramic 
phosphors displayed a minimal reduction in photoluminescence 
emission intensities at high temperatures and showed promising 
applicability for natural white light-emitting diodes that offer a balance 
between color quality and luminous efficiency [12]. 
A facile route for synthesizing YAG nanophosphors via a Pechini-type 
sol-gel process for white light-emitting diode (LED) technology is 
described. The wet-type synthesis was followed by a heat treatment at 
1000 °C for 4 h. A study of the luminescent properties of the 
YAG:Ce,Pr system was carried out, with the concentration of 
praseodymium varied while maintaining the quantity of cerium 
constant. The purity of the YAG phase was confirmed by 
diffractometric analysis. Luminescent analysis revealed the typical Ce3+ 
emission overlapped with sharper Pr3+ emissions in the red region of 
the spectrum. The presence of the energy transfer phenomenon was 
confirmed by the photoluminescence excitation (PLE) spectra of the 
samples, with concentration quenching observed at 0.5 mol% Pr 
resulting in a decrease in both the intensity of praseodymium emission 
and mean lifetime [13]. 
In the series of research, the flame method with a fast cooling rate was 
used to prepare YAS glass ceramic. The glass-forming ability in the 
YAS system is highly dependent on the amount of silica. In the flame 
spray method, the complete combustion of acetylene causes a 
temperature above 3200 °C, during melting, the glass particles are 
cooled in water, this rapid cooling leads to the creation of YAS with a 
low amount of silica [14, 15]. 
In the solid-state synthesis of garnet, heat treatment is carried out in a 
reducing atmosphere to encourage the cerium ions formation. 
However, in the preparation of YAG glass melt, there is no mention of 
the atmosphere in the melting environment, and no comparison has 
been made regarding the influence of different heat treatment 
atmospheres. Since the oxidation amount of cerium in glass and glass-
ceramic garnet is important, therefore assuming that changing the 
supply source can have a role in the oxidation number of cerium, in the 
present work by changing the supply source of cerium (sulfate type and 
oxide type) in glass melt, an attempt was made to investigate the 
behavior of cerium ion in glass and glass-ceramic indirectly by 
measuring the optical properties of the fabricated glass and glass-
ceramic. Also, with the assumption that the use of SPS for the heat 
treatment of YAG glass can create simultaneous reduction conditions 
with pressure, so this method was also used for glass powder sintering 
and simultaneous heat treatment for crystallization [16, 17]. 
The purpose of this research is to explore a suitable synthesis approach 
for YAG silicate glasses using cerium sulfate and cerium oxide salts. 
By investigating the effects of different salt types and heat treatment 

conditions, valuable insights are gained into optimizing the fabrication 
process for YAG-based materials. 

 Experimental procedure 2.

Raw materials were prepared from Aldrich company with the   
following specifications: CAS Number: 7784-18-1 AlF3, CAS Number: 
1344-28-1 Al2O3, CAS Number: 7681-49-4 NaF, CAS Number:     
1314-36-9 Y2O3, CAS Number: 1306-38-3 CeO2, CAS Number: 
10043-35-3 H3BO3.  
Acid-washed silica was extracted from the Azandarian Mine in          
the Hamedan province of Iran, while double hydroxide cerium sulfate 
was derived from locally sourced monazite mineral through a 
precipitation method for separating cerium from nuclear reactor waste 
and concentrate. It's worth noting that the cerium extraction process 
also involved neodymium and yttria impurities at a concentration         
of 1000 ppm. Fig. 1 depicts the XRD pattern of the amorphous       
cerium sulfate, the XRD pattern of the sample containing cerium    
oxide, the appearance of glass samples poured with cerium sulfate and 
cerium oxide, and the temperature-time curve for the SPS sample, 
respectively. As seen, the gel deposit, cerium sulfate, is amorphous and 
possesses a weak crystal structure. The composition used to prepare 
YAG glass was prepared using cerium oxide and cerium sulfate 
(17YO3-33Al2O3-40SiO2-2AlF3-3NaF-2CeO2-3B2O3) in terms of molar 
percentage. 
The glass batch, weighing 10 grams, was melted twice at 1580 °C 
using an electric furnace. Finally, yellow glass was formed. Assuming 
the removal of sulfates from the molten glass system, calculations were 
performed to estimate the creation of 2 and 1 mol% cerium oxide in the 
glass following the decomposition of cerium sulfate. Subsequently, 
glasses containing sulfates were denoted as IK2 and IK1, while the 
cerium oxide-bearing glass was labeled CeO2. 
The spark plasma sintering equipment utilized in this study was 
manufactured by Easy Fashion Company in China This device has a 
maximum output current of 10 kA and a maximum power of 100 kW. 
The glass powder from the IK1 and IK2 samples was mixed in nearly 
equal proportions to facilitate the formation of a transparent glass phase 
using the SPS method. Subsequently, the sintered samples were 
successfully achieved in a transparent and glassy form. 
The heating profile for the SPS furnace is as follows: Initially, the 
temperature is raised to 600 °C at a current of 0.7 amps, maintained for 
5 minutes. Subsequently, the temperature is further increased to      
1080 °C and held constant for an additional 5 minutes before the 
sample is removed. Fig. 1d shows the time-temperature curve for the 
SPS process. 

2.1. Thermal analysis 

To investigate the thermal behavior of each glass sample, the glass 
transition temperature (Tg), and crystallization peak temperature (Tx) 
were determined using thermal analysis (DTA). For this purpose, the 
glass was crushed and passed through the sieve with 30 mesh, then the 
glass on the sieve with 40 mesh was used in the amount of 1 g for DTA 
analysis. The reference material utilized for the mentioned device is α-
alumina. The temperature increase rate within the device is set at        
10 °C/min, reaching a final test temperature of 1200 °C. The 
simultaneous thermal analysis test was performed using a device (STA 
503 made by BAHR, Germany). This device can achieve a maximum 
temperature of 1200 °C, with heating occurring at a rate of 10 °C/min. 
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Additionally, alumina powder and an air atmosphere were utilized as 
reference materials.  

2.2. UV-Vis absorption spectrum 

Perkin Elmer-lambada 25 visible-ultraviolet spectrometer was used to 
check the transparency, and absorption spectrum. To prepare the 
surface of the samples to be smooth and polished, they were sanded 
with 2500 abrasive. The rationale behind utilizing ultraviolet-visible 
measurement was the convenience and accessibility of the 

corresponding device in comparison to alternative analytical methods 
[18].  

2.3. FTIR structural analysis  

FT-IR analysis was used to determine the structure and arrangement of 
different groups of glasses. An infrared spectrometer analysis device 
model spectrum 400 made by PERKIN ELMER was used. In FTIR 
analysis, a specific amount of powder is mixed with KBr powder at a 
ratio of 1:100 by weight. The mixture is then compressed into a tablet 
to assess the absorption of the target substance within the IR spectrum. 
The choice of KBr is due to its minimal absorption in the target 
wavelength region. Therefore, it is possible to obtain the complete 
absorption spectrum of the unknown sample. The glass powder grains 
used in this analysis were finely sized and sieved through a 200-mesh 
sieve. 

2.4. Spectrum of light emission 

The samples of glass and glass-ceramic containing cerium were 
analyzed using the Perkin-Elmer LS-5 device, equipped with a xenon 
lamp, to investigate emission wavelengths within the range of         
240–700 nm. 

2.5. X-ray analysis 

X-ray diffraction analysis was utilized to investigate the phases formed 
before and after heat treatment. The analysis was conducted using a 
Philips PW 3710 device with a Cu-Kα wavelength of 0.1542 nm. The 
examination covered a range of 2θ=10–80 °, employing an accelerating 
voltage of 40 kV and a current intensity of 30 mA. The measurement 
was performed with a step size of 0.20 ° and a step time of 2 °. X'Pert 
HighScore Plus software (version 5.1) was employed to identify the 
phases. 

 Results and discussion 3.

3.1. Absorption of YAG glasses containing cerium oxide and 
cerium sulfate 

To compare the physical properties and light absorption characteristics 
in both the visible and ultraviolet regions of glasses derived from 
cerium sulfate and cerium oxide, an optical absorption test was 
conducted. The results of this test are depicted in Figs. 2 and 3. 
Fig. 2. shows the ultraviolet (UV) absorption spectrum of YAG glass 
formulation with cerium oxide. As observed, light transmission occurs 
in these glasses at wavelengths higher than 433 nm, making the glass 
transparent beyond this wavelength. The glasses exhibit a color 
spectrum ranging from yellow to orange. According to previous 
research [2, 13, 19], silica glass doped with ceria at a concentration      
of less than 6.5 mol% is colorless and exhibits maximum absorption   
at a wavelength of 320 nm. The intensity of absorption increases     
with increasing ceria content. When glass is melted in an oxygen-rich 
environment, its ultraviolet (UV) absorption increases within the   
range of 200–320 nm. It is clear that in cerium containing YAG glass, 
absorption in the wavelength range of 260 nm occurs due to the 
presence of a small amount of ceric ions (4+) in addition to cerous    
ions (3+) in the glass. In glasses containing cerous ions (3+), they       
act as electron donors and ceric ions act as electron acceptors (traps) 
[20–22]. 

Fig. 1. a) XRD pattern of amorphous sulfate cerium, b) XRD pattern of 
oxide cerium, c) cast glasses treated with cerium oxide and cerium 

sulfate, and d) the stages involved in the SPS process. 
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Therefore, ceric ions stabilize the glass against discoloration. The 
stabilization of the partial yellow color in the present glasses is due to 
the extension of the absorption band of ceric ions into the visible range. 
The absorption peak of ceric ions is at the wavelength of 260 nm, and 
the absorption of ceric ions is much stronger than that of cerous ions in 
the UV range. Ceric ions possess a 4F electron configuration, and their 
adsorption is attributed to charge transfer phenomena. It is clear that 
silica glass primarily contains cerous ions, with minimal presence of 
ceric ions. The ultraviolet absorption of ceric ions is usually completely 
covered by the ultraviolet absorption limit of most glasses [23].  

The absorption results of the UV range in the IK1 glass sample are 
shown in Fig. 3a. Clear absorption peaks ranging from 500 to 800 nm 
have appeared, attributed to the presence of impurities, specifically 
other rare earth elements in ppm, as detailed in the raw materials 
section. However, these minor impurities also cause light absorption in 
the glass. By referring to the articles, the origin of these peaks is 
determined. In phosphate and borate-base glasses, it has been proven 
that neodymium ion has the main absorption peak at wavelengths 584, 
745, and 806 nm. Each of these peaks signifies energy transfer within 
the sublayers of the Nd3+ ion [24]. These distinct absorption peaks were 

Fig. 2. The UV-Vis absorption spectrum of YAG composition on the base of cerium oxide. 

Fig. 3. a) The UV-Vis absorption spectrum of YAG composition on the base of sulfate cerium IK1 and b) the UV-Vis absorption 
spectrum of YAG composition on the base of IK2. 



A. Faeghinia                                                                                                                   SYNTHESIS AND SINTERING 4 (2024) 29–40                                                                                                                                                 33 
 

also identified in the current sample. So, although the amount of 
neodymium oxide in the cerium sulfate sample is less than 1000 ppm, it 
causes the absorption spectrum in the glass in the range related to its 
characteristic atomic transfers. The small absorption peak at 879 nm 
could be related to the Yb ion formed in the glass under reducing 
conditions. The absorptions in the wavelength region of 260 and       
320 nm are related to the absorption of cerium ions and in the 
wavelength range of less than 400 nm, which are presented in the 
curves of Fig. 2 and 3.  

3.2. Evaluation of the luminance of YAG glasses 

In addition to assessing the presence of cerium ions in the IK1, IK2, 
and CeO2 glasses, a photoluminescence test was conducted, as 
demonstrated in Fig. 4. As seen in Fig. 4, the cerium oxide glass 
sample and IK1 have a sharp peak at the wavelength of 466 nm. 
Another peak with lower intensity at the wavelength of 435 nm was 
observed, indicating the presence of cerium ions in this glass. This peak 

appears to  be less sharp, possibly due  to the influence of  ligands [25]. 
The emission in the IK2 sample is also in the wavelength range of 411–
470 nm, which is related to transitions 4F→5D of cerium, and in 
general, the broad optical response of IK2 glass is in harmony with the 
findings of others in the wavelength range of 351 to 590 nm. However, 
the emission intensity, which includes two sub-emissions belonging to 
5D1→2F7/2 and 5D1→2F5/2, is related to luminescence emission at 460 
and 435 nm, respectively. The emission is more pronounced in the IK2 
sample compared to the other glasses. Therefore, despite the presence 
of Ce3+ cerium ions and their characteristic energy transitions between 
the 2F5/2 and 2F7/2 states in the base state of IK2, the optical response of 
the material is not solely determined by cerium. Other rare earth 
elements, such as Yb and Nd, also contribute to the optical properties. 
This suggests that the optical behavior of IK2 is influenced by the 
combined effects of Ce3+ ions and other rare earth elements present in 
the material [24].  
As can be observed in Fig. 4, emission peaks at wavelengths 400, 373, 
460, and 520 nm are significant in the IK2 sample, which is probably 

Fig. 4. The photoluminescence of YAG glasses excited by 240 nm wavelength. 

Fig. 5. DTA results of CeO2 and IK1 glasses. 
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due to the decrease in cerium concentration and the relative increase of 
impurities. Optical responses at wavelengths other than 460 nm have 
also been detected with higher intensities. The simultaneous 
contamination of cerium with other rare earth elements causes a shift of 
the optical response to shorter wavelengths, resulting in a blue shift. It 
is concluded that other impurity elements, present in low 
concentrations along with cerium sulfate, behave as concurrent 
pollutants in the glass [26–28].  

3.3. Thermal analysis of glass systems 

A thermal analysis was conducted to compare the vitrification behavior 
of two glasses, IK1 and CeO2. The results of this analysis are presented 
in Fig. 5. As observed, the crystallization temperature of the IK1 
sample is 924 °C, while for the CeO2 sample it is 900 °C. This 
indicates that the glass formability of the IK1 sample is higher 

compared to the CeO2 sample. Therefore, it can be concluded that the 
use of cerium sulfate in glass is beneficial for enhancing glass 
formability. Glass formation ability has acted to the detriment of 
crystallization. However, with heat treatment at this temperature, all 
samples were amorphous, so the heat treatment time and temperature 
increased. 

3.4. XRD results of glass ceramics heat treated at 1000 °C 

All three cast and annealed glasses were heat treated at 1000 °C for    
24 h and their XRD results are presented in Figs. 6, 7 and 8.  
As can be seen, the glass-ceramic sample heat-treated using cerium 
oxide has two main phases: garnet and yttrium aluminosilicate. So 
garnet is crystallized in this system. However, the presence of silicate 
phases along with garnet is also important, which can detriment the 
luminosity of the garnet system. 

Fig. 6. XRD results of CeO2 glasses heat treated at 1000 °C. 

Fig. 7. XRD pattern of IK2 glasses heat treated for 24 h at 1000 °C. 
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According to Fig. 7, the IK2 glass sample is completely amorphous and 
is not crystallized. It's likely due to the smaller amount of cerium 
sulfate, which hasn't crystallized at this temperature. The YAG IK1 
glass-ceramic sample heat treated at 1000 °C was analyzed by XRD 
technique. As depicted in Fig. 8, crystallization is evident in this 
sample. Comparing the intensity of the peaks of the main phase, it's 
observed that the garnet is less crystallized.  
As it is clear from Fig. 9, by comparing the X-ray patterns of oxidase 
and sulfated samples, it can be seen that the sulfated glass sample tends 
to less crystallize.  

3.5. Photo emission of glass ceramics 

Assuming that there are silicate crystalline phases in the system,      
both samples were heat treated at 1060 °C for 24 h. Fig. 10 shows the 
results of luminescence in these three glass ceramics under       
excitation with wavelengths of 240 and 340 nm. IK1 glass-ceramic 
heat-treated at 1060 °C has a luminescence intensity at the     
wavelength of 460 nm, which is much higher than IK2 glass     
samples, the reason being the high concentration of cerium ions in the 
IK1 glass-ceramic structure with heat treatment. On the other hand,     

the light response intensity at the wavelength of 533 nm for both IK1 
and IK2 glass-ceramics is higher than the corresponding glasses 
sample's response. Also, with excitation by 340 nm in both glass 
ceramics, a weak optical response at the wavelength of 420 nm is 
recorded. 
The observation of an emission peak at 533 nm wavelength under    
240 nm excitation in heat-treated glass-ceramics within the oxygen 
atmosphere results in the conclusion that this peak is associated with 
the presence of cerous ions. These ions infiltrate the garnet structure 
and form bonds with silica. This optical response indicates the electron 
dipole transfer inside cerous ions [29–32]. 

3.6. FT-IR evaluation 

The sample prepared with one and two steps of melting by CeO2 glass 
was evaluated by FT-IR technique to compare the type of bonds       
(Fig. 11). As can be seen, the infrared spectra of two types of glass 
have differences in the range of 1000 cm-1, which indicates the 
presence of neodymium in the glass. In addition, there is no noticeable 
difference in the type and strength of the links. Therefore, the steps 
melting does not affect the type of glass bonds.  

Fig. 8. XRD pattern of IK1 glasses heat treated at 1000 °C for 24 h. 

Fig. 9. Comparing XRD patterns of two YAG glasses by sulfate and oxide cerium. 
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3.7. Luminescence of YAG glass- ceramics fabricated by SPS 
method 

Fig. 12 shows the photoluminescence of the samples. The SPSed glass 
powder was mounted, polished, and evaluated for its 

photoluminescence properties. The samples were excited with 240 nm. 
The photoluminescence results are shown in Fig. 12a. In Fig. 12a, the 
luminescence results of the SPSed YAG glass-ceramic with a mixture 
of both sulfated samples using 240 nm excitation are depicted. As can 
be seen in Fig. 12c, despite the lower cerium content in the IK2 sample, 

Fig. 11. a) Evaluation of cerium oxide glasses by FT-IR and b) evaluation of cerium oxide glasses by twice melting. 

Fig. 10. The results of the luminescence of glass ceramics heat-treated at 1060 °C, excited with 240 nm with a solid line and 340 nm with a dotted line. 
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the two-step heat treatment intensified the luminescence properties of 
the YAG glass-ceramic. The peak intensity at 460 nm increased, while 
the peak intensity at 414 nm decreased, resulting in a sharper peak. The 
optical response in the range of 460 nm is related to the structure of 
garnet along with cerium and neodymium. However, the CeO2 sample 
with heat treatment at 1060 °C has higher luminescence intensity.  

It can be seen in Fig. 12b that comparing the emission intensity of the 
sample heat-treated using the SPS method at 1060 °C with other 
samples shows the remarkable effect of time during the heat treatment 
process for YAG glass-ceramics. Interestingly, despite this change in 
time, the emission wavelengths of these two samples remain consistent. 
However, while the SPS-synthesized sample exhibits a distinct 

Fig. 12. Photoluminescence of SPSed YAG glass-ceramics with 240 nm wavelength excitation, b) photoluminescence of IK1, IK2 glasses 
heat treated at 1060 °C for 24 h, and c) photoluminescence of IK1, IK2, and CeO2 with 2 steps heat treated at 750–1000 °C. 
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emission peak, its light intensity is notably lower compared to the 
sample heat-treated at 1060 °C for 24 h.  

3.8. The luminescence of glass ceramics heat treated in hydrogen 
atmosphere  

The luminescence results of YAG glasses IK1 and IK2 after heat 
treatment in a furnace under a hydrogen-nitrogen atmosphere          
(80% hydrogen and 20% nitrogen) in two temperature stages, first at 
750 °C for 6 h, and then at 1000 °C for 12 h, are shown in Fig. 13. The 
results indicate a sharp peak at the wavelength of 400 nm in the CeO2 
sample, while the peaks corresponding to the wavelength of 460 nm in 
the IK1 and IK2 samples are less intense. These findings were obtained 
with 340 nm excitation. It can be concluded that the CeO2 sample is 
highly sensitive to the atmosphere conditions. Moreover, based on the 
light response at 400 nm, it can be concluded that a significant amount 
of garnet is formed in this system, as garnet exhibits high reflectance at 
the wavelength of 400 nm [33, 34]. But the cerous ion has not 
penetrated inside it. Therefore, it can be said that in the case of sulfated 
samples, furnace atmosphere, and two-stage heat treatment did not 

affect the light response of garnet and cerous compared to the sample 
heat treated in an oxide atmosphere, and even the intensity of the light 
response was much less (Fig. 14). Afterward, the two-steps heat-
treating in a hydrogen atmosphere of CeO2 sample was done. It was 
excited with a wavelength of 460 nm, and a partial optical response 
was recorded in the range of 518 and 532 nm, which can be used as a 
supplement to yellow light in LED.  

 Conclusions 4.

The substitution of cerium sulfate for cerium oxide in cerium-doped 
garnet structures has not been suggested. In this study, it was tried to 
lower the glass melting point by employing this combination, albeit 
without success. Overall, incorporating 40% mole of silica in the garnet 
glass composition reduces the glass's melting temperature to below 
1600 °C. However, the crystallization of silicate phases negatively 
impacts the optical response of the garnet, particularly in the 533 nm 
range. In the present work, efforts were made to produce double-melted 
glass through heat treatment in SPS and a hydrogen atmosphere, 
aiming to reduce the crystallization of the silicate system. However, 

Fig. 13. Luminescence of IK1, IK2, and CeO2 samples in two-stage heat treatment at 750–1000 °C under the atmosphere of 80% hydrogen and 
20% nitrogen by excitation with 340 nm. 

Fig. 14. The results of the luminescence of glass heat-treated in two stages with cerium oxide in a furnace 
with a reducing atmosphere excited with 460 nm. 
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based on the observed optical response of cerium ions, it was inferred 
that the formation of garnet structure doped with cerium ions is 
significantly lower in this composition compared to compounds 
without silica. Furthermore, the hydrogen atmosphere exhibited no 
discernible impact on the light response of the cerium-doped garnet 
structure in terms of light intensity within the 533 nm range. This 
suggests that the presence of SPS pressure and a reducing atmosphere 
did not influence the extent of crystallized garnet structure in the 
silicate system. 
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