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 ABS TRACT  

In this study, wall tile bodies were produced by addition of different types of investment 
casting waste sand (ICWS) instead of clay and kaolin. Recycling has gained great 
importance today in order to protect the environment and contribute to the economy. 
There are limited studies in the literature on the recycling of investment casting waste 
sand, and this study aims to reduce raw material consumption and provide economical 
wall tile production by utilizing the valuable components such as zircon in the waste sand 
that emerge as waste material. Slip viscosity and slip density, density, water absorption, 
dry and firing shrinkage, dry and firing strength values of wall tile bodies were 
investigated. Color measurements, XRD and SEM analyses of those bodies were also 
conducted. Wall tile bodies incorporating of ICWS had generally higher density, firing 
shrinkage, dry and firing strength, but lower water absorption and dry shrinkage values 
than those of the reference wall tile. All wall tile slurries had similar densities but slip 
viscosities of wall tiles incorporating of ICWS generally lower than that of reference due 
to separation of particles. WX1 had nearly same whiteness value (L*) with reference wall 
tile, but higher in WX2, WX3, WY and WZ. All of the bodies had quartz, primary mullite 
and anorthite as main phases, also zircon phase was determined in bodies incorporating 
ICWS.  
 

Cite this article as: Bahtlı T, Erdem Y. Recycling of waste sand from investment casting in 
ceramic wall tile production. Environmental Research and Technology, 2026, 9 (3), 445-
451. 
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INTRODUCTION 
 

Wall tiles with a very porous structure mainly contain natural 
raw materials such as clays, kaolin, silica, carbonates and they 
have higher water absorption than those of other ceramic 
tiles due to the decomposition of carbonates.  While the use 
of clay and kaolin provide plasticity and green strength, 
carbonates improve the densification behaviour, and around 
10-15% carbonates react with quartz and alumina to form 
anorthite (CaO.Al2O3.2SiO2) crystals that provide mechanical 
strength of wall tile during sintering. Ceramic wall tiles show 
moisture expansion due to the formation of amorphous 
glassy phase by raw materials such as unreacted CaO, alkali 
oxides, iron oxide, titanium oxide, and/or amorphous 
aluminosilicate. For this reason, fluxes such as feldspar are 
used in very low amounts in bodies of wall tiles [1-5].  

Ceramic tile bodies can also tolerate different types of wastes 
such as waste glass, fly ash, blast furnace slags, waste of 
cement raw mix dust, etc. Freire and Holanda studied about 
the use of eggshell waste in ceramic wall tile paste and they 
showed that the eggshell solid waste as powder can be used 
as alternative raw material for single-fired ceramic wall tile. 
Aydin et al. worked on utilization of the cement kiln dust in 
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the production of wall tile and they found that bulk density of 
wall tile decreased while open porosity and water absorption 
values increased by addition of cement raw dust. Aydin also 
indicated that of the cement raw mixed waste dust could be 
used as a source of CaCO3 in wall tile body [6-8]. 

Faria and Holanda tried to produce wall tile by sugarcane 
bagasse ash (SCBA) waste and flat glass (FG) waste additions 
and they found that the partially use of SCBA waste instead of 
quartz resulted the wall tile with higher open porosity, while 
the partial replacement of kaolinic clay with FG waste 
provided a denser microstructure [9]. 

Borja et al. focused on recycling of phosphate waste rocks in 
ceramic wall tile sand they indicated that phosphate waste 
rocks showed similar chemical and mineralogical 
compositions to those of clays [10]. 

Studies in literature showed that incorporation of 
sanitaryware waste as a source of mullite in wall tile body 
provided an increase in bulk density and strength of wall tile 
with low thermal expansion coefficient. Also, the addition of 
blast furnace slag supplied high strength in ceramic wall tiles 
[5, 11, 12]. 

There are studies on the use of industrial wastes in the 
ceramic tile production in order to provide eco-friendly 
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production with lower energy consumption. However, there 
is not enough study on the use of investment casting waste 
sands for ceramic tile production. 

Investment casting waste sands become an environmental 
problem with losing their mold properties because they are 
not recycled, and their amounts increase day by day. But they 
are aluminosilicate based molds and contain zircon minerals. 
The aim of this study is to research the usability of precision 
casting sand wastes in the production of wall tile body and to 
either preserve the natural raw material reserves or provide 
an environmentally friendly (reduce environmental 
pollution) and cost-effective production by recycling of ICWS. 
Thus, developing new methods for recycling wastes as 
alternative materials for productions will be great important. 
 

MATERIALS AND METHODS  
 

In this study, waste sands from investment casting (ICWS) 
and raw materials whose chemical analysis obtained from 

XRF analysis were given in Table 1 were used for the 
production of wall tile bodies. Before use, hard material, in 
other words, non-plastic  ICWS were ground by ring mill and 
sieved under 63 µm in order to provide the interaction of the 
grains and also allows the sintering process more easily by 
reducing the grain size and then they were used in the batch 
charged into ball milling with same time duration before 
granulation. 

Homogeneous slurries were obtained by mixing and wet 
grinding of all powders with water and Na-silicate. Then slip 
viscosities of wall tile bodies were determined by Ford flow 
cup according to ASTM D1200 standard. And also, density 
values of sluries were calculated as the ratio of mass to 
volume using a 100 ml pycnometer.  

After granulation, samples were shaped in 50x100 mm 
dimensions by a Gabbrielli brand Minipressa 40T model press 
by applying 55 bar. The pressed tablets were dried in a 
Venticell oven at 110 ˚C, then sintered in a Nabertherm brand 
rapid firing furnace at 1130 ˚C with 45 ˚C/min sintering rate.  

 

Table 1. The chemical (XRF) analysis of ICSW materials [13] and other raw materials used 
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Na2O 0.02 0.00 0.00 0.00 3.67 0.39 0.00 0.26 

MgO 0.05 0.00 0.02 0.00 0.18 0.00 0.00 0.00 

Al2O3 23.98 24.02 0.06 4.48 14.57 35.58 39.65 37.21 

SiO2 61.85 66.77 0.06 94.24 74.59 53.28 51.51 54.14 

P2O5 0.01 0.02 0.01 0.01 0.07 0.09 0.12 0.09 

SO3 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 

K2O 2.30 0.02 0.01 1.12 3.99 0.23 0.15 0.07 

CaO 0.02 0.02 56.08 0.01 0.65 0.24 0.29 0.33 

TiO2 1.12 0.07 0.00 0.00 0.05 2.17 2.22 2.43 

Cr2O3 0.01 0.02 0.00 0.00 0.00 0.06 0.08 0.07 

Fe2O3 2.94 0.05 0.01 0.04 0.59 1.52 1.21 1.44 

ZrO2 0.00 0.00 0.00 0.00 0.00 6.14 4.51 3.85 

HfO2 0.00 0.00 0.00 0.00 0.00 0.15 0.14 0.07 

Loss on 
Ignition 

7.69 8.99 43.75 0.10 1.64 0.15 0.12 0.04 

Table 2. The compositions of wall tile bodies (% wt) 

Raw 
Material 

W WX1 WX2 WX3 WY WZ 

Clay 41 31 41 41 41 41 

Quartz 20 20 20 20 20 20 

Pegmatite 15 15 15 15 15 15 

Kaolin 13 13 3 8 8 8 

Calcite 11 11 11 11 11 11 

ICWS 0 10 10 5 5 5 

 
Firstly, reference wall tile (W), WX1, WX2, WX3 bodies in 
which X coded ICWS was used instead of 10 % clay, 10% 
kaolin and 5% kaolin, respectively. Dry shrinkage and firing 
shrinkage values were calculated. Then, standard test such as 
water absorption and density (TS EN ISO 10545-3), dry 
strength (TS EN ISO 10545-4), firing strength (TS EN ISO 
10545-4), optical properties (L, a, b values; TS EN ISO 10545-
16) of the wall tiles were applied.  

According to these results (Figure 2- Figure 5), the use of 
ICWS at only 5% instead of Kaolin was decided, and then 
other WY and WZ coded wall tile bodies in which ICWS was 
used 5% only instead of Kaolin were produced. The 
compositions of these wall tiles were given in Table 2. The 
standard tests given above were also applied to these wall tile 
bodies. 

There wasn’t any blackore problem in all samples either in 
reference or other wall tile bodies incorporating ICSW. 

The phase analysis of wall tile bodies were characterized by 
an X-ray diffractometer (XRD Rigaku-MiniFlex 600) using Cu-
Kα radiation scanning from 5˚ to 70˚ at a scanning rate of two 
degrees/min. Microstructure examination was conducted 
under a ZEİSS SUPRA 50VP SEM brand scanning electron 
microscope. Images were taken in BSE (back scattered 
electron) mode with an electron high voltage value of 20 KW. 
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RESULTS AND DISCUSSION 
 

The slip viscosities, physical, mechanical and optical 
properties of W (the reference wall tile) and the wall tiles 
incorporating 7131 coded steel investment casting sand 
waste (ICSW) only instead of 10% clay (WX1), 10% kaolin 
(WX2), only 5 % kaolin (WX3) and also 316 and 2343 coded 
SICSW replacing 5% of kaolin (WY and WZ) were given in 
Figure 1-5. 
 

 

Figure 1. Slip viscosities of wall tile bodies 
 

When the slip viscosities of the wall tile bodies incorporating 
of ICSW were compared with the that of reference wall tile, it 
was observed that the slip viscosities generally decreased. 
The main reason for the decrease in viscosity may be that 
hard ICWS were used instead of plastic clay or kaolin 
materials that increase the slip viscosity in wet milling [14]. 
Suvacı and Tamsu found that reduction in the viscosity results 
in improvement of microstructure, reduced closed porosity, 
and increased the stain resistance [15]. Similar to this result, 
in our study, generally high strength strength values were 
obtained in wall tile bodies whose slip viscosities were lower 
than that of reference. The slip density values for reference 
and other wall tiles were also determined as 1697 g/L, 1709 
g/L, 1712 g/L, 1701 g/L, 1698 g/L, 1696 g/L, respectively. It 
was seen that the slip density values were close to the 
reference wall tile body. 

According to density and water absorption measurements 
results, the highest density and also the lowest water 
absorption was obtained in WX3. It was observed that the 
only density of WX1 in which 10% ICWS was used instead of 
clay was lower than that of reference wall tile (W) and also its 
water absorption is higher than that of reference wall tile. 
The wall tile materials in which ICWS used instead of kaolin 
had higher density and lower water absorption values than 
that of wall tile where ICWS used instead of clay (WX1). In 
addition, according to results of density and water 
absorption, WY and WZ wall tiles had lower density and 
higher water absorption values than those of WX3 with X type 
ICWS, which has the highest amount of zircon, added. It was 
thought that the density of wall tiles with ICWS addition were 
generally higher than that of reference due to higher density 
of zircon (dzircon= 4.65 g/cm3) came from wastes [16], filling 
the pores with wastes and then close packing of particles. The 
higher packing density the lower porosity and the lower 
water absorption. 

The wall tile materials in which ICWS used instead of kaolin 
had higher density and lower water absorption values than 
that of wall tile where ICWS used instead of clay (WX1). In 
addition, according to results of density and water 
absorption, WY and WZ wall tiles had lower density and 
higher water absorption values than those of WX3 with X type 
ICWS, which has the highest amount of zircon, added. It was 
thought that the density of wall tiles with ICWS addition were 
generally higher than that of reference due to higher density 
of zircon (dzircon= 4.65 g/cm3) came from wastes [16], filling 

the pores with wastes and then close packing of particles. The 
higher packing density the lower porosity and the lower 
water absorption. 
 

 
(a) 

 
(b) 

Figure 2. (a) Density; (b) Water absorption values of wall 
tile bodies 
 

 
(a) 

 
(b) 

Figure 3. (a) Dry shrinkage; (b) Firing shrinkage values of 
wall tile bodies 
 

The dry shrinkage values of all the additive samples 
decreased compared to the reference sample due to the 
reduction of the amounts of plastic clay and kaolin raw 
materials (Figure 2-a). 
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It was observed that the firing shrinkage values of the wall 
tiles incorporating of ICWS had nearly similar firing 
shrinkage to reference wall tile dry shrinkage except WX2 and 
WX3 that are produced by X coded ICSW with the highest 
amount of zircon. The highest firing shrinkage value was 
achieved in WX3 material. It was thought that the more 
amount of glassy phase was formed by zircon, iron oxide, 
titanium oxide came from ICSW (Figure 3-b). 

Dry and firing strength values of WX1 material were lower 
than those of reference wall tile while WY and WZ had nearly 
same values. It was observed that the highest dry and firing 
strength values were obtained in WX3 and WX2, respectively. 
While X coded ICSW used instead of clay, the porosity value 
of wall tile increased, then density, strength, firing shrinkage 
values were decreased (Figure 4).  

Generally use of X coded ICSW, that has the highest zircon 
content, instead of kaolin in wall tile samples resulted in 
increase in bulk density, dry and firing strength and also firing 
shrinkage. In addition, the water absorption and open 
porosity of wall tile bodies decreased. High apparent porosity 
is responsible for low density and low firing shrinkage values 
of samples that result in increased water absorption, but 
decreased strength of wall tile samples. It is known that bulk 
density, porosity has strong influence on mechanical strength 
of ceramic tile bodies [17-19]. Emir found in his work that an 
increase in the strength value occurred by decreasing the 
porosity and water absorption values of the glassy phase 
formed bodies. The strength in the body increased with the 
decrease in viscosity due to the effect of the glassy phase in 
the body [20]. Zircon that came from ICSW could make 
strength increase with the reduction in viscosity of glassy 
phases in wall tile body. Zirconium oxide increases the 
melting temperature of the glaze and causes its viscosity to 
decrease [21]. 

The desired plasticity and mechanical properties, especially 
high dry strength, in ceramic tiles could be provided by the 
clay and kaolin used [20]. In addition, Yersel et al. determined 
the green strengths of clay and kaolin as 11.6 and 3.7 kg/cm2, 
respectively, and stated that the strength of clay was higher 
than that of kaolin after sintering at 1150 °C [22]. The 
significant decrease in strengths when ICSW was used instead 
of clay is consistent with this result in the literature. 

Ozturk et al. concluded that tiles incorporating of zirconium 
oxide waste had higher strength values than the standard due 
to high-temperature resistance of zircon. Also they found that 
zircon had hardness and chemical stability and could created 
a more stable and consistent structure after firing in order to 
enhance the mechanical strength of the sample [23]. 

According to optical properties (Figure 5), the whiteness 
value (L*) of WX1 was nearly same with reference wall tile, 
but increased in WX2, WX3, WY and WZ. The whiteness is 
directly related to the porosity and also the crystal phases in 
the structure. Zircon crystals came from ICWS and also 
porosities are an opacification mechanisms with high 
refractive index. When the porosity decreases and due to 
zircon content, L values increase [2]. 

According to XRD analysis (Figure 6) quartz, primary mullite 
and anorthite as main phases in all of the bodies also zircon 
phase, that came from ICWS, in WX, WY, WZ bodies were 
investigated. JCPDS card numbers to the XRD results for all 
bodies were Quartz (01-083-0539, 01-070-7344, 01-070-
7344), Anorthite (01-076-0948, 01-078-2330, 01-089-
6429), Mullite (01-075-8315, 01-082-1237, 01-073-1253), 
Zircon (01-075-1564). Crystals that contain calcium, 
aluminum, silicon and oxygen in wall tile bodies are 

represent to anorthite crystals according to XRD analysis 
(Figure 6). 
 

 
(a) 

 
(b) 

Figure 4. (a) Dry strength; (b) Firing strength values of wall 
tile bodies 
 

 

Figure 5. Optical properties of wall tile bodies 
 

All SEM images (Figure 7-10) of wall tile bodies have similar 
crystalline phases such as anorthite and quartz and also pores 
as dark areas in structures. Grey areas with the sharp corners 
are quartz grains, spherical shaped crystals are anorthite 
crystals. EDX analysis results of these crystals also confirm 
the existence of these phases. According to EDX analysis of 
reference wall tile body (Figure 7-b), while anorthite 
containing glassy phase regions contain 29.15 wt% SiO2, 
19.44 wt% Al2O3, 36.13 wt% CaO and 2.98 wt% K2O, quartz 
regions contain 87.58 wt% SiO2, 2.75 wt% Al2O3, 9.67 wt% 
CaO. 

In various studies in the literature, it has been indicated that 
spherical crystals are close to the composition of anorthite 
(CaO.Al2O3.2SiO2) and also the increase in strength values 
could be due to increase in the amount of anorthite in bodies 
with ICWS addition [1, 3].  

There is a correlation between strength and porosity, also the 
other cause of the increase in strength is second phase 
formation. In this study, formation of anorthite and primary 
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mullite provided high strength values [5, 12]. Also it was 
observed that X coded ICWS added wall tile body has higher 
strength than the reference sample due to prevention of crack 
propagation by zirconia grains came from ICWS but the 

deeper cracks in the B type ICWS and C type ICWS added wall 
tiles contribute negatively to the strength even though they 
had zircon content, also 

 
Figure 6. XRD analysis of wall tile bodies (A: Anorthite, M: Primary Mullite, Q: Quartz, Z: Zircon) 
 

 
Figure 7. a) SEM image (5000 KX) b) SEM image (10000 KX) and EDX analysis of reference wall tile body (A: Anorthite 
(Spectrum 1), Q: Quartz (Spectrum 2)) 

  
(a) 

  
(b) 
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Figure 8. SEM images (5000 KX) of WX3 wall tile body (A: 
Anorthite, Q: Quartz) 
 

 

Figure 9. SEM image (5000 KX) of WY wall tile body (A: 
Anorthite, Q: Quartz) 
 

 

Figure 10. SEM image (5000 KX) of WZ wall tile body (A: 
Anorthite, Q: Quartz) 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 

This study investigated the effects of ICWS on wall tile bodies. 
Slip viscosities of wall tile bodies incorporating of ICWS 
instead of plastic clay or kaolin materials decreased and then 
strength values increased similar to studies in the literature.  

The use of ICWS instead of kaolin in wall tile samples 
generally resulted in an increase in bulk density, drying and 
firing strength, as well as an increase in firing shrinkage. 
Additionally, water absorption and open porosity of the 
examined samples decreased. The highest density, firing 
shrinkage, dry strength and firing strength obtained were 
observed in WX3, where X type ICSW, which has the highest 
zirconia content, was used instead of kaolin. The higher 
packing density the lower porosity and the lower water 
absorption were achieved due to reasons such as higher 
density of zircon came from wastes, filling the pores with 
wastes and then close packing of particles. Porosity has 
strong influence on mechanical strength of ceramic tile 
bodies. Less porosity amount provides higher density and 
higher strength. Also it was found that zircon could enhance 
the mechanical strength of the sample similar to studies in 
literature. 

The whiteness value (L*) of WX2, WX3, WY and WZ wall tile 
bodies had higher than that of reference wall tile due to lower 
porosity and also zircon crystal phase from ICWS in the 
structure. 

According to XRD results, quartz, primary mullite and 
anorthite as main phases were investigated in all of the 
bodies, also zircon phase was determined in bodies 
incorporating ICWS. The other cause of the increase in 
strength is second phase formation. In this study, formation 
of anorthite and primary mullite provided high strength 
values. Also it was observed in SEM images that crack 
propagation could be prevented by zirconia grains came from 
ICWS. 

The results showed that ICWS can be used instead of kaolin at 
certain rates in industrial wall tile production, potential 
studies could be continued further. 
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