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Abstract: Due to the high sintering temperature of traditional ceramics, most photocatalytic 
substances in the ceramic glaze will lose efficacy. In this study, the photocatalyst of ZnO-Zn2TiO4 
were synthesized by the sol-hydrothermal method and sintered at 1300 ℃. The photocatalytic activity 
of ZnO-Zn2TiO4 was tested by the degradation of methylene blue (MB) under sunlight irradiation at 
room temperature. Then, selecting the best catalytic effect of ZnO-Zn2TiO4 was mixed with the 
ceramic glaze and sintered at 1300 ℃, which was also tested by the degradation of MB. The results 
showed that when the ZnO-Zn2TiO4 was the molar ratio of Ti:Zn = 1:8 and added into the ceramic 
glaze with 15% mass percentage after sintering 1300 ℃, it exhibited superior photocatalytic efficiency 
in degrading MB. This study presents a novel approach for preparing high-temperature (1300 ℃) 
glazes with enhanced photocatalytic properties. 
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1. Introduction 

With the rapid advancement of science and technology, the utilization of anti-pollution materials 
assumes a pivotal role. In the context of traditional ceramic industry, this is primarily manifested in 
the incorporation of antibacterial and self-cleaning properties into ceramic glazes. However, it is worth  
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noting that photocatalysis technology now offers an exceptional solution for decontaminating ceramic 
glazes [1–3]. 

Most of the photocatalysts employed are metal oxides or sulfides, such as TiO2, ZnO, CdS, WO3, 
and SnO2 [4–6]. Alternatively, photocatalysts can be fabricated by coupling two semiconductors; for 
example, TiO2-CdS, TiO2-SnO2, TiO2-WO3, and TiO2-ZnO [7–10]. To enhance the photocatalytic 
performance of ceramic glaze, two primary approaches can be employed. Initially, applying a 
semiconductor thin film with photocatalytic activity onto the surface of the glaze; however, this 
method often leads to weak bonding between the film and the glaze, making it susceptible to scratching 
and subsequently reducing its photocatalytic effectiveness. Alternatively, the photocatalysts are 
incorporated into the ceramic glaze mixture followed by sintering [11–14]. Although this method 
effectively addresses the limitations of the weak combination between the photocatalytic film and the 
ceramic glaze, it is essential to ensure a sintering temperature below 1000 ℃ due to potential degradation 
of photocatalytic properties at elevated temperatures. 

There is limited research on investigating the photocatalytic properties of high-temperature 
prepared ceramic glazes. For instance, by incorporating modified TiO2 into the ceramic glaze, the 
transition temperature from anatase to rutile could be extended from 700 to 900 ℃, thereby enhancing 
the photocatalytic activity of TiO2 on the ceramic glaze at higher temperatures [15]. He [16] prepared 
a SiO2-TiO2 composite oxide by incorporating TiO2 into SiO2 to retard the formation of rutile, resulting 
in enhanced high temperature stability and photocatalytic properties. However, when used in ceramic 
glazes, the presence of alkali metals and alkaline earth metals caused the loss of photocatalytic activity 
at the high temperature (≥1000 ℃). 

It has been discovered that ZnO, as a semiconductor material, possesses not only a low cost but 
also exhibits photocatalytic activity. Furthermore, ZnO demonstrates exceptional performance in terms 
of interfusion and thermal stability when is combined with ceramics [17]. Additionally, the reaction 
between ZnO and TiO2 yields enhanced photocatalytic effects compared to pure ZnO or pure TiO2. 
Gonçalves [18] provided a comprehensive overview of the synthesis methods for ZnO and TiO2, 
revealing the occurrence of three distinct phases, namely ilmenite rhombohedral ZnTiO3, cubic spinel 
Zn2TiO4, and defective cubic Zn2Ti3O8, which underwent transformation at different temperature 
ranges. Gabal [19] reported that Zn2TiO4 exhibited stability up to 1418 ℃, while Sandra investigated 
the impact of ZnO doping on the photocatalytic performance of Zn2TiO4, revealing that ZnO/Zn2TiO4 
demonstrates superior photocatalytic properties compared to pure Zn2TiO4 [20]. 

The sol-gel hydrothermal method has been widely recognized for its ability to produce materials 
with enhanced photocatalytic performance. Cheng et al. [21] synthesized Fe/N codoped TiO2 catalysts 
using sol-gel hydrothermal method, which exhibited excellent visible light photocatalytic degradation 
performance. This is attributed to the high surface area and optimal crystalline structure of the 
synthesized particles, which are key factors in improving photocatalytic efficiency. Besides, the 
method enables the production of materials at relatively low temperatures compared to traditional 
solid-state reactions. This not only saves energy but also helps in preserving the structural integrity of 
the materials, which is essential for maintaining high photocatalytic performance. 

In this study, the ZnO-Zn2TiO4 composite was synthesized via a sol-hydrothermal method and 
incorporated into the conventional ceramic glaze, followed by sintering at 1300 ℃. Through 
comprehensive analysis of crystal phase composition, microstructure, and photocatalytic properties of 
the resulting ceramic glaze, this study presents a novel approach for fabricating high-temperature (1300 ℃)  
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ceramic glaze with enhanced photocatalytic activity. Furthermore, it could offer valuable technical 
support for imparting antibacterial and self-cleaning functionalities to traditional ceramics glazes. 

2. Materials and methods 

2.1. Synthesis of Zn-Ti-O compound materials 

The TiO2 sol was prepared as follows: 20 mL of CH3CH2OH (analytical grade, Jiangsu Qiangsheng 
Functional Chemical Corporation), 10 mL of C6H15NO3 (analytical grade, Tianjin Kemiou Chemical 
Reagent Corporation), and 34 mL of C16H36O4Ti (analytical grade, Tianjin Kemiou Chemical Reagent 
Corporation) were combined in a beaker and stirred for 1 h. Subsequently, 1 mL of deionized water 
and 9 mL of CH3CH2OH were added to the beaker while continuing stirring for 1 h. Following this 
step, Zn(CH3COO)2·2H2O (analytical grade, Xilong Scientific Corporation) with varying titanium-zinc 
ratios (Ti:Zn = 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, and 1:10) was introduced into the aforementioned 
beaker and stirred for an additional hour. 

The beaker’s contents were transferred into a reactor and subjected to heating at 140 ℃ for 12 h. 
Subsequently, the dried mixture was transferred to an alumina crucible and sintered at 1300 ℃ in a 
muffle furnace. After cooling the muffle furnace to room temperature, the mixture within the alumina 
crucible was milled and passed through a 150-mesh screen to obtain Zn-Ti-O compound materials. 
The preparation process was illustrated in Figure 1. 

The temperature gradient of the muffle furnace was as follows: first, the temperature ramped up 
from room temperature to 600 ℃ at a rate of 5 ℃/min and held steady at 600 ℃ for 0.5 h; second, the 
temperature increased from 600 to 1200 ℃ at the rate of 5 ℃/min and maintained 1200 ℃ for 0.5 h; 
third, the temperature rose from 1200 to 1300 ℃ at a rate of 5 ℃/min and maintained 1300 ℃ for 1 h; 
finally, the furnace cooled naturally back down to room temperature. 

 

Figure 1. Schematic diagram of the preparation process of Zn-Ti-O compound materials. 
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2.2. Synthesis of the photocatalytic ceramic glaze 

The Zn-Ti-O compound materials exhibiting the highest photocatalytic degradation performance 
toward methylene blue (MB) were selected for further study. The optimal Zn-Ti-O composite 
material (Ti:Zn = 1:8) with a mass percentage ranging from 5% to 25% was added to 300-mesh glaze 
powder, mixed thoroughly, and a 2 g mixture was prepared. This mixture was then placed into a mold 
with a diameter of 10 mm and a height of 10 mm, and pressed into a cylindrical shape. Then, the 
cylinder was placed on a ceramic body (diameter 25 mm) and burned in a muffle furnace at 1300 ℃. 
The composition of the ceramic glaze utilized in this study is presented in Table 1. 

Table 1. The composition of ceramic glaze. 

Composition SiO2 Al2O3 Na2O K2O MgO CaO Fe2O3 BaO 

Content (wt%) 76.63 13.55 1.10 2.78 1.72 1.95 1.05 1.22 

2.3. Characterization of the materials 

The absorbance of MB following the photocatalytic reaction was measured using a UV-Vis 
spectrophotometer (UV-7600, Shanghai Jinghua Science and Technology Instrument Corporation). 

The absorbance of the solid photocatalyst was measured using an Ultraviolet-visible 
spectrophotometer (UV-Vis, Shimadzu, UV-2600). The light absorption threshold of the sample was 
determined through tangential analysis within a scanning wavelength range of 200–800 nm. 

The crystal structure of the samples was analyzed using an X-ray diffractometer (XRD, Ultima 
Ⅳ), with a scanning range of 2θ from 20 to 80°and a scanning speed of 10 °/min. 

The Fourier infrared spectrometer (FT-IR, Shimadzu, IRTracer-100) was employed to assess the 
alterations in chemical bonds within the wavelength range of 400–2000 cm1. 

The surface morphology and chemical composition of the samples were examined using scanning 
electron microscopy (SEM, Apreo S) and energy dispersive X-ray spectroscopy (EDX, EDAX ELECT 
PLUS). Additionally, the microstructure and lattice fringe of the samples were observed using a 
transmission electron microscope (TEM, JEM-2100). 

2.4. Photocatalytic study 

MB was used as the target pollutant to systematically evaluate the photocatalytic activity of the 
prepared samples. The experimental process is shown in Figure 2: (a) 0.6 g of Zn-Ti-O composite 
material was dispersed in 60 mL of MB solution with an initial concentration of 12 mg/L. Under room 
natural sunlight at 30 ± 2 ℃, 10 mL of MB solution was extracted every 24 h. The supernatant was 
obtained by centrifugation for absorbance detection. (b) Ceramic glaze slices with added Zn-Ti-O 
composite material were placed in 60 mL of MB solution with an initial concentration of 12 mg/L. 
Photocatalytic degradation experiments were carried out using natural light as the light source.   
Every 24 h, 10 mL of MB solution was extracted. The supernatant was obtained by centrifugation for 
absorbance detection. The degradation efficiencies of MB were calculated using Eq 1: 

Degradation = (C଴ − C)/C଴100%        (1) 
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where C0 and C were the initial absorbance and degraded absorbance of the MB at 664 nm, 
respectively [22]. The photo-catalyst band gap energy (Eg) for the samples were measured using Eq 2: 

E௚ = 1240/λg           (2) 

where λg is the wavelength at the overlap of the vertical and horizontal portions in the ultraviolet-visible 
spectrophotometer with the tangential method [22]. 

 

Figure 2. Schematic diagram of the photocatalytic experiment. 

3. Results 

3.1. Photocatalytic performance analysis of the Zn-Ti-O compound materials 

The degradation of MB in the presence of Zn-Ti-O compound materials (with Ti:Zn molar ratios 
ranging from 1:2 to 1:10) are illustrated in Figure 3. For comparison, pure MB samples were tested 
under dark conditions (referred to as D) and sunlight exposure (referred to as L). As depicted in Figure 3a 
for the first day and Figure 3b for seven days, a gradual degradation of MB was observed with 
increasing reaction time. Notably, the degradation efficiency of MB was significantly enhanced when 
using Zn-Ti-O compound materials with a molar ratio of Ti:Zn between 1:5 and 1:8. 

Figure 4 shows the degradation curve of MB by Zn-Ti-O composite materials (with Ti: Zn molar 
ratios ranging from 1:2 to 1:10) under natural light irradiation. As the irradiation time increased, the 
removal rate of all samples steadily increased. The self-degradation of MB under sunlight does impact 
the experimental results [23], but it did not mask the photocatalytic ability of ZnO-Zn2TiO4 for MB 
under ultraviolet light in our research. The Zn-Ti-O composite material with a Ti:Zn molar ratio of 1:8 
exhibited excellent photocatalytic activity, with a removal rate of 96% after seven days of natural light 
irradiation, demonstrating outstanding photoresponsive ability. 
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Figure 3. The pictures of degradation MB (a: 1 day, b: 7 days), MB-dark (named D),  
MB-sunlight (named L), and Zn-Ti-O compound materials (Ti:Zn = 1:2–1:10) reacted with 
MB under sunlight. 

 

Figure 4. The degradation curves of MB solution by Zn-Ti-O compound materials (Ti:Zn = 
1:2–1:10). 
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3.2. XRD analysis of the Zn-Ti-O compound material 

The crystal structure of Zn-Ti-O compound materials (Ti:Zn = 1:8) was investigated by XRD, 
and the results are shown in Figure 5. The XRD patterns presented the diffraction peaks of two crystal 
phases: Zn2TiO4 (PDF-25-1164) and ZnO (PDF-36-1451). The presence of the rutile (TiO2) phase was 
not detected. The presence of ZnO in the compound material was confirmed, and a portion of Zn2+ 
ions reacted with Ti4+ to form a new phase of Zn2TiO4. The XRD analysis presented in Figure 5 
exhibited excellent agreement with other studies [24–26]. The reaction process between TiO2 sol   
and (CH3COO)2Zn·2H2O could be described as Eq 3: 

(CHଷCOO)ଶZn · 2HଶO + Ti(OH)ସ

 ସ଴଴ ℃ 
ሱ⎯⎯⎯⎯⎯⎯ሮ ZnO − TiOଶ  

 ＞ଽସହ ℃ 
ሱ⎯⎯⎯⎯⎯⎯⎯ሮ ZnO + ZnଶTiOସ    (3) 

The occurrence of this reaction could facilitate the formation of a junction between ZnO and 
Zn2TiO4, thereby promoting the efficient separation of photo-generated carriers and resulting in 
enhanced photocatalytic performance [27].  

 

Figure 5. XRD pattern of the Zn-Ti-O compound material (Ti:Zn = 1:8). 

3.3. Photocatalytic analysis of the ceramic glaze reacted with ZnO-Zn2TiO4 

The ceramic glazes reacted with the superior photocatalytic compound material of ZnO-Zn2TiO4 
(Ti:Zn = 1:8) at mass percentages ranging from 5% to 25%, followed by sintering at a temperature  
of 1300 ℃. The photocatalytic performance of the ceramic glazes was evaluated by reacting with MB 
under sunlight conditions. For comparison, MB samples were tested in the dark (referred to as D-MB) 
and under sunlight (referred to as L-MB). It was observed that the absorbance of all collected MB 
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samples gradually decreased over a period of 21 days, but the ceramic glazes reacted with ZnO-Zn2TiO4 
exhibited superior performance in degrading MB. To identify the best catalytic performance among 
the ceramic glazes, an enlarged picture showing the degradation of MB over a span of 21 days is 
presented in Figure 6. After 21 days, almost complete degradation of MB was achieved using the 
ceramic glaze containing a mass percentage of ZnO-Zn2TiO4 at 15%, resulting in a degradation rate of 
MB reaching up to 96.13%. 

 

Figure 6. The UV-Vis spectrum absorbance of MB degraded by different materials during 
the 21 days. 

3.4. XRD analysis of ceramic glaze 

The major crystalline phases of the ceramic glaze consisted of SiO2 (PDF-46-1045), Al2O3  
(PDF-04-0878), and KAlSi3O8 (PDF-19-0926) in Figure 7a, which were consistent with the composition 
of the ceramic glaze as shown in Table 1. However, as depicted in Figure 7b, when the ceramic glaze 
reacted with ZnO-Zn2TiO4 at a mass percentage of 15%, new crystalline phases, including Zn4Al22O37 
(PDF-23-1491), ZnO (PDF-36-1451), and Zn2TiO4 (PDF-25-1164), appeared. Notably, there was a 
minor change observed: the crystalline phase KAlSi3O8 (2θ = 28.072°) disappeared, while a new 
crystalline phase Zn4Al22O37 (PDF-23-1491) emerged instead. This phenomenon could be attributed 
to the stronger polarization ability of Zn2+ compared to Na+, resulting in easier generation of 
Zn4Al22O37 and transformation of NaO-SiO2 into the ceramic glaze matrix. XRD analysis confirmed 
that after sintering at 1300 ℃, the composite photocatalyst consisting of ZnO-Zn2TiO4 was stably 
integrated into the ceramic glaze. 
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Figure 7. XRD analysis of the ceramic glazes. (a) The ceramic glaze and (b) the ceramic 
glaze reacted with 15% mass percentage ZnO-Zn2TiO4(Ti:Zn = 1:8). 

3.5. FT-IR analysis of ceramic glaze 

To further analyze the reaction between the ceramic glaze and ZnO-Zn2TiO4, Figure 8 presents 
the FT-IR analysis of different materials. In Figure 8a, for the ceramic glaze sintered at 1300 ℃, an 
absorption peak at 806 cm1 was observed, which could be attributed to the asymmetric stretching 
vibration of Si–O(Si) and Si–O(Al) bridge bonds. Additionally, a peak at 421 cm1 was identified as 
bending vibrations of O–Si–O and O–Al–O bonds. The presence of these two absorption peaks was 
consistent with the composition of the ceramic glaze [28]. 

The FT-IR pattern of ZnO-Zn2TiO4 in Figure 8b revealed that the absorption peak at 623 cm1 
could be attributed to the absorption band of [TiO6] octahedral groups, while the absorption peaks    
at 468 and 399 cm1 were associated with the absorption bands of [ZnO4] tetrahedral groups. Upon 
reaction with ceramic glaze containing 15 wt% mass percentage of ZnO-Zn2TiO4, as shown in Figure 8c, 
a new absorption peak emerged at 659 cm1, which was assigned to the absorption band of [TiO6] 
octahedral groups, along with additional peaks observed at 498 and 412 cm1 corresponding to the 
absorption bands of [ZnO4] tetrahedral groups [29,30]. 

The absorption band exhibited a higher wave number and weaker intensity compared to the 
corresponding materials in Figure 8b. Furthermore, the absorption peak at 799 cm1, associated with 
asymmetric stretching vibration of Si–O(Si) and Si–O(Al) bridge bonds, shifted to a lower wave 
number and displayed weaker intensity than that observed in the ceramic glaze shown in Figure 8a. 
The changes depicted in Figure 8c, as opposed to the ceramic glaze, could be attributed to the fusion 
of Zn2+ within the ceramic glaze at high temperatures, resulting in fracture of Si–O(Al) bridge bonds [27]. 
The FT-IR analysis was consistent with XRD analysis (Figure 7). 
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Figure 8. FT-IR analysis of ceramic glazes. (a) Glaze, (b) ZnO-Zn2TiO4 (Ti:Zn = 1:8), and 
(c) ceramic glaze mixed with 15% mass percentage ZnO-Zn2TiO4 (Ti:Zn = 1:8). 

3.6. SEM-EDS analysis of ceramic glaze 

The grain size of ZnO-Zn2TiO4, as observed in Figure 9a, ranged from 1 to 5 μm and exhibited 
various shapes, including triangles, hexagons, rectangles, and circles [31]. In Figure 9b, the 
microstructure of the ceramic glaze mixed with 15% mass percentage of ZnO-Zn2TiO4 was depicted, 
revealing that the triangles and hexagons of ZnO-Zn2TiO4 were present and well-integrated with the 
ceramic glaze. To further confirm the presence of ZnO-Zn2TiO4, EDS spectra analysis was conducted 
on the marked area containing triangles in Figure 9b. As shown in Figure 9c, elements such as C, Au, 
O, Ti, Zn, and Al were detected in the sample. The presence of C originated from the conductive tape, 
while Au was derived from the conductive coating. Notably, O, Ti, and Zn were attributed to     
ZnO-Zn2TiO4. The element Al was identified as originating from a crystalline phase known as 
Zn4Al22O37. Furthermore, the results obtained through EDS analysis were consistent with those 
obtained through XRD analysis. 
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Figure 9. SEM-EDS analysis of ceramic glaze. (a) ZnO-Zn2TiO4(Ti:Zn = 1:8), (b) the 
ceramic glaze mixed with 15% mass percentage of ZnO-Zn2TiO4(Ti:Zn = 1:8), and (c) 
EDS spectra of the ZnO-Zn2TiO4 in the ceramic glaze. 

3.7. TEM analysis of ceramic glaze 

As depicted in Figure 10a, distinct lattice striations were observed in selected regions, with lattice 
fringes of 0.247 and 0.255 nm corresponding to the (101) crystal plane for ZnO (PDF-36-1451) and 
the (311) crystal plane for Zn2TiO4 (PDF-25-1164), respectively. The poly-crystalline structure of 
ZnO-Zn2TiO4 (Ti:Zn = 1:8) was confirmed, exhibiting excellent crystallinity after sintering at 1300 ℃. 
Analysis of Figure 10a revealed the formation of a heterojunction between ZnO and Zn2TiO4 at the 
interface region, which could enhance the efficiency of photogenerated electron-hole separation [27,32]. 
When the ceramic glaze was mixed with a mass percentage of 15% ZnO-Zn2TiO4 and sintered      
at 1300 ℃, as shown in Figure 10b, new poly-crystalline structures similar to the (311) plane for 
Zn2TiO4 (PDF-25-1164) in Figure 10c, the (101) plane for ZnO (PDF-36-1451) in Figure 10d, the (101) 
plane for SiO2 (PDF-46-1045) in Figure 10e, and the (110) plane for Zn4Al22O37 (PDF-23-1491) in  
Figure 10f, were observed in the ceramic glaze. The TEM analysis indicated that ZnO-Zn2TiO4 was a 
poly-crystalline structure and well fused with the ceramic glaze, which consistently supported the 
results of XRD and SEM analysis. 
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Figure 10. TEM analysis of the ceramic glaze. (a) ZnO-Zn2TiO4 (Ti:Zn = 1:8), (b) the 
ceramic glaze mixed with 15% mass percentage ZnO-Zn2TiO4 (Ti:Zn = 1:8), (c) lattice 
fringes of Zn2TiO4 (311) plane, (d) lattice fringes of ZnO (101) plane, (e) lattice fringes of 
SiO2 (101) plane, and (f) lattice fringes of Zn4Al22O37 (110) plane. 

3.8. UV-Vis analysis and energy gap calculation of ceramic glaze 

To investigate the impact of ZnO-Zn2TiO4 on the photocatalytic activity of the ceramic glaze, the 
UV-Vis spectrum analysis is presented in Figure 11. The UV-Vis absorption threshold value for the 
ceramic glaze in Figure 11a was determined to be 438 nm, corresponding to an energy gap calculation 
of 2.83eV. The UV-Vis absorption threshold value for ceramic glaze mixed with 15% mass percentage 
ZnO-Zn2TiO4 (Ti:Zn = 1:8) in Figure 11b was determined to be 456 nm, corresponding to an energy 
gap calculation of 2.72 eV. For ZnO-Zn2TiO4 in Figure 11c, the UV-Vis absorption threshold value 
was measured at 476 nm, resulting in an energy gap calculation of 2.61 eV. 

Compared with the ceramic glaze, it was observed that when reacted with a mass percentage    
of 15% ZnO-Zn2TiO4, there was an increase in the UV-Vis absorption threshold from 438 to 456 nm (the 
energy gap has been reduced from 2.83 to 2.72eV). This demonstrated that by incorporating     
ZnO-Zn2TiO4 into the ceramic glaze, its photocatalytic performance could be effectively enhanced 
within the visible region. 
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Figure 11. UV-Vis analysis: (a) ceramic glaze, (b) ceramic glaze mixed with 15% mass 
percentage ZnO-Zn2TiO4 (Ti:Zn = 1:8), and (c) ZnO-Zn2TiO4 (Ti:Zn = 1:8). 

4. Conclusions 

Our objective of this study was to assess the impact of ZnO-Zn2TiO4 on the photocatalytic properties 
of the ceramic glaze sintered at 1300 ℃. Photocatalytic evaluation results for MB decolorization 
revealed that the ceramic glaze incorporating 15% mass percentage of ZnO-Zn2TiO4 (with the Ti:Zn 
ratio of 1:8) exhibited superior photocatalytic efficiency compared to all other samples, achieving a 
degradation rate of 96.13% after 21 days under sunlight irradiation. 

From the analysis of the XRD and the SEM-EDX, the ZnO-Zn2TiO4 exists as a poly-crystalline 
structure in the ceramic glaze sintered at 1300 ℃. According to the analysis of the FT-IR, the Zn2+ 
fused in the glaze at high temperature, causing the silicon-oxygen bond to break. As shown in the TEM, 
it could be found that the poly-crystalline of ZnO and Zn2TiO4 formed an interface region at the crystal 
plane. This intense interaction between the two could form a heterojunction, which could improve the 
efficiency of photogenerated electrons and holes separation.  

The photo-catalyst band gap energy (Eg) of the ceramic glaze was measured in the UV-Visible 
spectrum, demonstrating a significant enhancement in photocatalytic performance after reaction with 
ZnO-Zn2TiO4 within the visible region. These findings presented a novel approach for fabricating high 
temperature ceramic glazes (1300 ℃) with exceptional photocatalytic properties and offer valuable 
technical support for the antibacterial and self-cleaning characteristics of ceramic glazes. 
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