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Abstract: Granite sludge from the cutting and polishing of granite blocks should be utilized to 

prevent environmental pollution. This study focuses on the preparation of high-strength self-

glazed glass-ceramics from granite sludge by combining dense sintering and instant glaze 

firing. Thermal analyses including thermogravimetry, differential scanning calorimetry and 

thermal expansion were used to evaluate the sinterability of the granite powder and to 

determine the dense sintering temperature. For the instant glaze firing of the sintered glass-

ceramics, the structural evolution was analyzed by X-ray diffraction and solid-state nuclear 

resonance to clarify glaze formation and glass network stability, respectively. Glaze formation 

resulted from the dissolution of quartz and feldspars and the reduced glass viscosity, as 

indicated by the thermochemical calculation. As the glaze firing temperature was increased, 

the thickness of the surface glaze increased. The coefficient of thermal expansion of the glazed 

glass-ceramics indicates a residual compressive stress in the surface glaze. The elimination of 

glaze pinholes was achieved by reducing the amount of ferrous minerals and increasing the 

glaze firing rate. Under the optimum conditions, the flexural strength and surface glossiness of 

the glazed glass-ceramic were 112.5 MPa and 54.7 GU respectively, enabling the scalable 

production of high-strength self-glazed glass-ceramics from granite sludge for application in 

decorative tiles.  

Keywords: granite sludge; instant glaze firing; glazed glass-ceramic; glaze formation; 

oversintering; glaze pinhole 

1. Introduction 

The cutting and polishing of granite blocks generates large quantities of granite 

sludge, which accounts for approximately 30% of granite blocks. Improper disposal 

poses potential hazards to soil, water and air [1]. The utilization of granite sludge is 

not only an efficient recycling of solid waste, but also beneficial to the environment. 

With the main minerals being quartz and feldspars, granite sludge has been used in 

various fields, including concrete, geopolymers, fluxes and composites [2–6]. 

However, disadvantages such as low utilization rates, high disposal costs and low 

added value have seriously hindered commercial practices [7]. 

As for the utilization in glass-ceramics, the R2O-CaO-MgO-Al2O3-SiO2 glass-

ceramics were prepared from granite tailings by melting and bulk crystallization. The 

crystallization and preferential precipitation of hornblende resulted in superior flexural 

strength and excellent chemical resistance [8]. Similarly, high-strength mica-diopside-

based glass-ceramics have been produced from granite waste using CaF2 as a 

nucleating agent and fluxing agent. Increasing the SiO2/Al2O3 ratio facilitated the 
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precipitation of diopside, kalsilite and tainiolite phases in the glass-ceramics, which 

exhibited superior fracture toughness of 3.28 MPam1/2 [9]. Architectural glass-

ceramics were prepared from granite powder and marble waste by melt quenching and 

powder sintering. The main crystal phase varied with the marble content [10]. Copper 

red glass-ceramics were prepared from granite waste, CuO and other additives. The 

red glass-ceramic with 5 mass% CuO had superior mechanical properties [11]. In 

another way, anorthite glass-ceramics were rapidly sintered from the modified granite 

powder with the addition of boehmite, showing the strengthening and toughening of 

sintered glass-ceramics [12]. 

Porous ceramics have various applications in thermal and acoustic insulation, 

catalyst support, filtration and wastewater treatment [13,14]. Granite scraps were 

sintered with 14 mass% clay tailings and 1 mass% SiC at 1250 ℃ to produce a foamed 

ceramic with a porosity of 83.3% and a thermal conductivity of 0.051 Wm−1K−1 [15]. 

Using a mixed foaming agent of SiC and MnO2, foamed glass-ceramics were produced 

from granite tailings by melt quenching and powder sintering. The foaming process 

occurred near the phase transition point (880 ℃, quartz → tridymite) [16].  

In the case of industrial practice, the production of architectural glass-ceramics 

from granite waste is a technically feasible and value-added route. However, the bulk 

crystallization process is characterized by high energy consumption and carbon 

emissions compared to the sintering process [17,18]. In addition, the black appearance 

of architectural glass-ceramics caused by the ferrous minerals drastically reduces their 

commercial value, but the decorative nature has hardly been considered so far [19]. In 

this paper, granite sludge was recycled into decorative architectural glass-ceramics by 

combining dense sintering and instant glaze firing. Sintering densification and glaze 

formation were clarified by thermal analysis and structural evolution in the glazed 

glass-ceramics, respectively. The glass network structure and stress distribution in the 

surface glaze were also investigated. Finally, glaze pinholes were removed to improve 

the decorativeness of the glazed glass-ceramics. 

2. Materials and methods 

2.1. Materials 

Granite sludge was supplied by a stone processing plant in Fujian Province. After 

rinsing with distilled water to remove soluble impurities, the granite powder (GP) was 

passed through an 80-mesh sieve. As grinding media, ZrO2 beads (NanorZr-95, 1–4 

mm) were purchased from Guangzhou Pleased Grinding Media Co. Ltd. An NdFeB 

magnetic rod (25 mm × 200 mm, 1.2 T) was purchased from Jiangsu Hongsheng 

Magnetic Co. Ltd for magnetic separation. Analytical grade hydrochloric acid was 

used for acid leaching. Polyvinyl alcohol (PVA 1788, purity 87.4%) was purchased 

from Guangzhou Suixin Chemical Co. Ltd. 

2.2. Preparation of glazed glass-ceramics 

With a bead/powder mass ratio of 3:1 and a solids content of 20%, the GP powder 

was ground in an aqueous suspension with ZrO2 beads in a planetary ball mill (XQM, 

Changsha Tianchuang) at 380 rpm for 1 h. The ground slurry was diluted and magnetic 
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separation was carried out using an NdFeB magnetic rod to remove the ferromagnetic 

ferrous minerals. The milled powder (MP) was passed through a 120-mesh sieve. To 

further reduce the colored ferrous minerals, the MP powder was acid leached by 

grinding in a 5 wt% HCl solution for 1 h, and the pickling powder (PP) was used as a 

feedstock to remove the glaze pinholes. 

After granulation of the MP powder with an aqueous PVA solution, rectangular 

bars were compacted at 130 MPa using a stainless-steel mold (45 mm × 5 mm) and 

square plates were compacted at 30 MPa using a square mold (40 mm × 40 mm). To 

prepare the glazed glass-ceramics, the powder compacts were first densely sintered in 

a muffle furnace (KSX2-4-13, Xiangtan Xiangyi) at 1100 C for 2 h and then the 

temperature was raised to 1150–1300 ℃ at a heating rate of 10 Kmin−1 for the instant 

glaze firing without holding time (t = 0). The stepwise sintering process of these 

powder compacts is schematically shown in Figure 1. 

 
Figure 1. Schematic representation of the stepwise sintering process of powder 

compacts. 

2.3. Characterization and measurements 

The crystal structure of the powders and glass-ceramics was examined by X-ray 

powder diffraction (XRD，D8 Advance，Bruker AXS) using Cu K radiation, and 

the degree of crystallization and phase composition (vol%) were calculated using the 

supplied TOPAS 4.2 software. The chemical composition of the powders was analyzed 

by X-ray fluorescence spectroscopy (XRF, S4 PIONEER, Bruker AXS). The particle 

size distribution of the powders was determined using a laser scattering particle size 

analyzer (BT-9300ST, Bettersize).  

The thermal behavior of different powders was analyzed by thermogravimetry 

and differential scanning calorimetry (TG-DSC, STA 8000, PE). The measurements 

were carried out in an air atmosphere at a heating rate of 20 Kmin−1. To analyze the 

sintering kinetics of the powder compacts and to evaluate the stress distribution in the 

surface glaze, the linear expansion of rectangular bars (10 mm  6 mm  5 mm) was 

monitored using a thermal dilatometer (TMA 402F3, Netzsch) measured at a heating 

rate of 10 Kmin−1 and a nitrogen flow rate of 50 mLmin−1. The glass network structure 

of the glazed glass-ceramics was analyzed using the 29Si spectra measured by a magic 

angle spinning nuclear magnetic resonance spectrometer (MAS-NMR, Avance Neo 

400WB, Bruker) with a H/X dual resonance solid-state probe. The 29Si chemical shifts 
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are reported in  (ppm) relative to the reference tetramethyl silane. The glaze pinholes 

were observed using a 3D ultra-depth field optical microscope (VHX-600E, Keyence). 

The microstructure of the powders and glass-ceramics was observed by scanning 

electron microscopy (SEM, Sigma 300, Zeiss) with an attached X-ray energy 

dispersive spectrometer (EDS, Smart EDX, Zeiss) to identify the mineral phases. A 

platinum film was deposited on the samples to increase the surface conductivity. 

Powder whiteness was measured with a portable whiteness meter (WSB-1, 

Qiwei) using blue light reflectance (R457). The bulk density of the glass-ceramics was 

measured using the Archimedes method. The surface glossiness of the square glazed 

glass-ceramics was measured using a portable glossiness meter (WGG 60, Hunan 

Lichen), the value being an average of five tests. The flexural strength of the glass-

ceramics was measured using rectangular bars (35 mm × 4 mm × 3 mm) in an Instron-

type apparatus (WDW-50, Jinan Shijin) at a crosshead speed of 1 mmmin−1. Flexural 

strength is an average value of three individual tests. 

3. Results and discussion 

3.1. Characterization of different powders 

Figure 2 shows the XRD patterns of different powders. The mineral composition 

of the GP powder includes quartz (SiO2, PDF#46-1045), albite ((Na,Ca)Al(Si,Al)3O8, 

PDF#41-1480), anorthite ((Ca,Na)(Al,Si)2Si2O8, PDF#20-0528) and microcline 

(KAlSi3O8, PDF#19-0932) with relative contents of 49.7%, 15.8%, 33.0% and 1.5%, 

respectively. In addition, a trace phase of cummingtonite ((Fe0.6Mg0.4)7Si8O22(OH)2, 

PDF#42-0545) is associated with the microcline mineral [20]. After ball milling and 

magnetic separation, the cummingtonite phase disappeared and the diffraction 

intensities of the feldspar minerals in the MP powder are significantly reduced due to 

particle size refinement and partial amorphization [21].  

 
Figure 2. XRD patterns of GP and MP powders. 

Table 1 shows the XRF results of different powders. The main components 

include SiO2, Al2O3, CaO, Na2O and K2O, which are closely related to quartz and 

feldspars. Due to high Fe2O3 content in the GP powder, the reduction reaction of Fe2O3 

occurred spontaneously during the sintering process, leading to self-foaming of the 



Materials Technology Reports 2025, 3(1), 2851. 
 

5 

sintered ceramics [22]. After magnetic separation, the Fe2O3 content in the MP powder 

decreased significantly from 4.39% to 0.63% and the TiO2 content decreased from 

0.87 % to 0.15%. XRD analysis showed that the ferromagnetic impurities from the 

magnetic separation included magnetite (Fe3O4, PDF#89-2355) and quartz. The 

entrainment of the quartz phase may be related to the associated minerals. Magnetic 

separation not only removed magnetite and cummingtonite, but also reduced traces of 

ilmenite [23]. The pickling treatment further reduced the Fe2O3 content to 0.37% in 

the PP powder. As most of the colored iron-bearing minerals have been removed, the 

powder whiteness increases greatly from 48.6% (GP) to 82.1% (MP) and 87.3% (PP). 

Table 1. Chemical composition of different powders (mass%). 

Powders SiO2 Al2O3 CaO Fe2O3 K2O Na2O MgO TiO2 P2O5 MnO Else 

GP 64.97 14.81 5.87 4.39 4.10 3.15 1.29 0.87 0.20 0.09 0.26 

MP 69.53 15.78 6.22 0.63 3.60 3.37 0.21 0.15 0.18 - 0.33 

PP 72.55 15.25 4.41 0.37 3.48 2.82 0.06 0.16 0.07 - 0.83 

Figure 3 shows the SEM images of different powders. The particles are mostly 

layered, which is characteristic of aluminosilicate minerals. EDS analysis shows that 

the MP powder consists of microcline (particle 1), quartz (particle 2), anorthite 

(particle 3) and albite (particle 4) phases. Figure 4 shows the particle size distribution 

of different powders. Compared to the GP powder, the MP powder shows a more 

uniform and narrower size distribution. The median particle size (D50) is significantly 

reduced from 19.7 μm (GP) to 3.6 m (MP) due to particle pulverization during the 

milling process, which is consistent with the SEM observation.  

 

Figure 3. SEM images of different powders: (a) GP; (b) MP. 

 
Figure 4. Particle size distribution of GP and MP powders. 
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3.2. Thermal analysis of powders and powder compacts 

Figure 5 shows the thermal analyses of both powders and powder compacts. 

From the TG-DSC curves, there were weak endothermic peaks at 660–673 ℃ 

accompanied by weight losses of 0.8%–1.2%. This is related to the thermal 

decomposition of the associated calcite minerals in the granite and the Al-carbonate 

complexes formed during the carbonation of the anorthite phase [24,25]. As the 

temperature was increased to around 1000 ℃, there was strong endothermic behavior 

due to the initial melting of the albite phase (Tm = 1100 ℃). Compared to the GP 

powder, the MP powder showed slightly lower decomposition and melting 

temperatures, which can be attributed to the small size effect of powders [26,27].  

 
Figure 5. (a) TG-DSC curves of the powders; (b) linear thermal expansion curves of 

the powder compacts. 

In Figure 5b, the initial sintering temperature for the MP compact is 977 ℃, 

which is slightly lower than the 1000 ℃ for the GP compact. The densification rate of 

the powder compacts at the rapid shrinkage stage was calculated to be 103 mmin−1 

(GP) and 171 mmin−1 (MP). The smaller the particle size, the lower the initial 

sintering temperature and the higher the densification rate [28]. The refinement of 

particle size increases the sintering activity of powders and improves the densification 

of powder compacts. Considering the powder whitening that occurred after magnetic 

separation, the MP powder was used as the raw material in the following experiments. 

The dense sintering temperature of the MP compact was determined to be 1100 ℃, 

which was confirmed in the sintering experiments [29]. 

3.3. Structural evolution in instant glaze firing 

In the case of the glazed glass-ceramics, the powder compact was subjected to a 

dense sintering process at 1100 ℃, followed by an instant glaze firing at 1300 ℃. 

Figure 6 shows the crystal structure of the surface glaze and the interior of the glazed 

glass-ceramic. The surface glaze is dominated by the glass phase, with a crystallinity 

of 9.0%. In contrast, the interior shows a higher degree of crystallinity at 46.2%, with 

quartz (25.5%) and anorthite (14.8%) phases that are much higher than those observed 

in the surface glaze (Figure 6b). This discrepancy in crystal composition suggests that 

glaze formation is closely related to the increased glass phase due to the dissolution of 

quartz and feldspars in the liquid glass phase [30]. 
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Figure 6. Crystal structure of the glazed glass-ceramic: (a) XRD pattern; (b) phase 

content. 

In the silicate glasses, the type of Qn structural units was determined by the 

chemical shift in the MAS-NMR spectra, and the content of Qn structural units was 

quantitatively analyzed by the Gaussian peak area ratio [31]. Figure 7 shows the 29Si 

MAS-NMR spectra of the glazed glass-ceramics at different firing temperatures. The 
29Si resonance peaks were deconvoluted into two symmetrical peaks centered at −93.8 

ppm and −103.4 ppm, which were assigned to the Q3 and Q4 structural units in the 

glass network of SiO4 tetrahedra, respectively [32]. When the glaze firing temperature 

was increased from 1150 ℃ to 1300 ℃, the Q3/Q4 ratio decreased significantly from 

0.81 to 0.66. This indicates that the dissolution of the anorthite phase in the glass phase 

reduced the amount of non-bridging oxygen, which strengthened the SiO4 networks 

by the connection of AlO4 tetrahedra [33]. 

 
Figure 7. 29Si MAS-NMR spectra of the glazed glass-ceramics at different glaze 

firing temperatures: (a) 1150 ℃; (b) 1300 ℃. 

Figure 8 shows the digital photographs of the powder compact at different stages 

of sintering. After dense sintering of the powder compact, most of the original pores 

have been removed, resulting in significant shrinkage of the sintered glass-ceramic. 

However, black patches of colored minerals from the MP powder remain in the 

sintered glass-ceramic, indicating a small amount of dissolution in the liquid glass 

phase. The instant glaze firing created a temperature gradient between the surface and 

the interior. The surface was exposed to the high-temperature environment, which 

reduced the glass viscosity and accelerated the dissolution of quartz and feldspars, 

thereby promoting glaze formation [34]. Instant glaze firing mitigated thermal damage 
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to the internal structure, resulting in a high-strength glazed glass-ceramic. In particular, 

black spots disappeared after instant glaze firing as the colored minerals dissolved into 

the liquid glass phase. 

 
Figure 8. Digital photographs of samples at different stages of sintering: (a) Powder 

compact; (b) densely sintered glass-ceramic; (c) glazed glass-ceramic. 

3.4. Physical properties of glazed glass-ceramics 

Figure 9a shows the bulk density and flexural strength of the glazed glass-

ceramics. The bulk density and flexural strength generally decreased with increasing 

firing temperature, especially above 1250 ℃. Besides oversintering of the glass-

ceramics, self-foaming caused by the iron-bearing minerals is mainly responsible for 

the decrease in bulk density above 1200 ℃ [35]. As the firing temperature increased 

from 1250 ℃ to 1300 ℃, the flexural strength decreased dramatically from 106.9 MPa 

to 79.7 MPa. In contrast, the surface glossiness increased continuously with increasing 

firing temperature (Figure 9b), reaching 61.6% at 1300 ℃. This is attributed to the 

reduced viscosity and improved leveling of the liquid glass phase, as evidenced by the 

passivated sample edges above 1250 ℃ in the inset image. In addition, the dissolution 

of colored iron-bearing minerals in the liquid glass phase reduced the light absorption 

and increased the surface glossiness [36].  

 
Figure 9. Physical properties of the glazed glass-ceramics at different firing 

temperatures: (a) Bulk density and flexural strength; (b) surface glossiness. 

In the instant glaze firing, the viscosity variation of the glass melt was studied by 

thermochemical calculation using the viscosity module and melt database of FactSage 

8.1 software (GTT-Technologies and Thermfact/CRCT, Germany/Canada) based on 

the chemical composition of the MP powder [37,38]. In Figure 10, it is clear that the 

glass viscosity decreases dramatically with increasing firing temperature, especially 
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below 1250 ℃. This follows an exponential decrease in glass viscosity. From the linear 

simulation of ln against 1000/T, the activation energy (E) for the viscous flow of the 

glass phase was calculated from the slope (E/R, where R is the ideal gas constant), 

resulting in a value of 379 kJmol−1. 

 

Figure 10. Variation of the glass melt viscosity with firing temperature: (a) 

Viscosity; (b) linear simulation. 

Figure 11 shows the cross-sectional SEM images of the glazed glass-ceramics. 

At the firing temperature of 1250 ℃, the glaze layer had a thickness of 30–45 μm, 

which increased drastically to 100–115 μm at 1300 ℃. Furthermore, a few large pores 

in the interior are related to oversintering, and glaze pinholes (yellow arrows) degrade 

the decorativeness of glazed glass-ceramics. In Figure 11c,d, the composition contrast 

shows that increasing the glaze firing temperature significantly reduced the 

crystallinity (white crystallites) of the glazed glass-ceramics, implying the gradual 

dissolution of quartz and anorthite into the liquid glass phase. The increasing glass 

phase with reduced viscosity favors the leveling of the liquid glass, which explains the 

increased surface glossiness of the glazed glass-ceramics at elevated temperatures. 

 
Figure 11. SEM images of the glazed glass-ceramics at different firing temperatures. 

(a) the cross-section at 1250 C; (b) the cross-section at 1300 C; (c) the interior at 

1250 C; (d) the interior at 1300 C. 
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Figure 12 shows the thermal expansion curves of the glass-ceramics with and 

without (polished) the surface glaze. Below 600 ℃, the coefficient of thermal 

expansion of the glazed glass-ceramic is slightly lower than that of the glass-ceramic 

without the glaze layer, indicating that the glaze layer limited the expansion of the 

interior as the temperature increased. In other words, the residual compressive stress 

was generated in the glaze layer when the glazed glass-ceramic was cooled down to 

room temperature. The similar coefficient of thermal expansion and the compressive 

stress in the surface glaze are beneficial for the thermal shock resistance of the glazed 

glass-ceramics [39]. 

 
Figure 12. Thermal expansion curves (solid lines) and coefficient of thermal 

expansion curves (dashed lines) of the glass-ceramics with (blue) and without 

(black) the surface glaze. 

3.5. Formation and elimination of glaze pinholes 

Pinholing, defined as a sub-millimeter pit on the glaze surface, is one of the most 

significant glaze defects in building tiles and porcelain. It is therefore of paramount 

importance to strictly control this phenomenon in commercial production [40]. 

Pinholing is ascribed to the migration of small gas bubbles from the interior of the 

glaze layer to the surface, resulting in the formation of small craters after cooling. 

Pinhole defects can be minimized by optimizing the composition and sintering profile 

of the glaze, which in turn increases the proportion of qualified products [41,42]. 

Herein, the formation of pinholes was studied in relation to the glaze firing process 

and chemical composition, and countermeasures were taken to eliminate the defects. 

In the instant glaze firing, oversintering promoted the release of residual pores 

and the formation of pinholes. The increase in liquid glass with reduced viscosity led 

to an increase in the number of glaze pinholes at high firing temperatures. Figure 13 

presents digital photographs and optical images of the glazed glass-ceramics at 

1300 ℃. The glazed glass-ceramic with a light-yellow color has a surface glossiness 

of 61.6 GU, but shows a high prevalence of glaze pinholes (50–200 μm) (Figure 13a). 

Increasing the heating rate of the glaze firing from 10 Kmin−1 to 50 Kmin−1 resulted 

in a significant reduction in the surface exposure to the high temperature environment. 

The glaze color changed from light yellow to cyan, and the pinhole density was 

significantly reduced (Figure 13b), with a surface glossiness of 53.4 GU. The 

discrepancy in glaze color and surface glossiness is due to the reduced glass phase and 
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reduced dissolution of colored minerals. Color mapping of the glaze surface 

demonstrates an improvement in surface roughness and a reduction in pinholes at the 

accelerated glaze firing rate.  

 
Figure 13. Digital photographs (top) and optical images (middle and bottom) of the 

glazed glass-ceramics sintered from different powders. (a) MP; (b) MP; (c) PP. 

In addition to the aforementioned oversintering process, the reduction reaction of 

ferric iron to ferrous iron during the glaze firing released oxygen gas, resulting in self-

foaming of the glazed glass-ceramics [43]. As listed in Table 1, the concentration of 

ferric oxide in the PP powder was reduced to 0.37%. As a result, the glaze surface is 

free of pinholes (Figure 13c). The surface glossiness is 54.7 GU, which is slightly 

higher than that observed in the MP powder (Figure 12b). Moreover, the sinterability 

of the glaze could be improved by increasing the glaze firing rate and reducing the 

average particle size [44]. Consequently, the elimination of pinholes was achieved by 

increasing the glaze firing rate and reducing the amount of colored iron-bearing 

minerals. 

Figure 14 shows the crystal structure of the glazed glass-ceramics at a firing 

temperature of 1300 ℃. The glass-ceramic produced from the PP powder exhibits a 

slightly higher degree of crystallinity than that produced from the MP powder (52.3% 

vs. 46.2%). As shown in Table 1, the pickling treatment resulted in a slight reduction 

in the Na2O and K2O contents due to the acid leaching of albite and microcline [45]. 

This resulted in a reduction of the liquid glass phase during glaze firing and an increase 

in the crystallinity of the glazed glass-ceramics. The D50 value decreased from 3.60 

µm (MP) to 1.92 µm (PP). The bulk densities of the glazed glass-ceramics were 2.22 

gcm−3 (MP) and 2.33 gcm−3 (PP), while the flexural strength increased significantly 

from 79.7 MPa (MP) to 112.5 MPa (PP). The increased densification and crystallinity 

contribute to the strengthening of the glazed glass-ceramics. 
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Figure 14. Crystal structure of the glazed glass-ceramics produced from MP and PP 

powders: (a) XRD pattern; (b) phase content. 

When the firing temperature was increased to 1325 ℃, the glaze color changed 

to a milky white with a surface glossiness of 67.6 GU (Figure 15a). Increasing the 

firing temperature improves the leveling of the liquid glass phase, resulting in an 

increase in surface glossiness. Similarly, the glazed glass-ceramics with different 

colors were prepared with the addition of 0.5% by mass of colorants (Figure 15b–d). 

The smooth and bright glazes show an aesthetic appearance, indicating that the glazed 

glass-ceramics are suitable for applications in decorative building tiles and high-

temperature glazes. 

 
Figure 15. Digital photographs of the glazed glass-ceramics doped with different 

colorants. 

4. Conclusions 

High-strength glazed glass-ceramics have been produced entirely from granite 

sludge by dense sintering and instant glaze firing. Thermal analyses show that the MP 

powder could be densely sintered by liquid phase sintering at 1100 C. In the instant 

glaze firing, a temperature gradient was created to mitigate thermal damage to the 

interior of the glazed glass-ceramics. Glaze formation was associated with an increase 

in the liquid glass phase due to the dissolution of quartz and feldspars, which improved 
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the stability of the SiO4 networks. Thermal expansion analysis indicated the presence 

of residual compressive stress in the surface glaze. Finally, glaze pinholes could be 

eliminated by increasing the glaze firing rate and reducing the amount of colored iron-

bearing minerals. A pinhole-free glazed glass ceramic with a flexural strength of 112.5 

MPa and a surface gloss of 54.7 GU was produced from the PP powder. Various 

colored glazed glass-ceramics were prepared by the addition of suitable colorants, thus 

promising the industrial production of decorative building tiles from granite sludge. 
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