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Abstract 
In this study, the effect of nepheline syenite addition on the sintering and material properties of sanitaryware 
porcelain bodies was investigated. Three ceramic sanitaryware bodies were prepared by substituting Na feldspar 
(max. 30 wt %) with nepheline syenite. The sintering behaviour was evaluated using an optical dilatometer.  
Samples were sintered at 1300 °C using step-by-step processing. In addition the linear shrinkage, water 
absorption and bending strength were measured. Results showed that the addition of nepheline syenite enhanced 
the material properties of sanitaryware bodies, had a positive effect on the formation of the liquid phase during 
sintering and improved overall the sintering and mechanical properties.  
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INTRODUCTION 
Today, sanitaryware technology is well known and 
described in different textbooks and papers. 
Sanitary wares are made of clay, quartz and 
feldspar and are fired at temperatures ranging from 
1200oC to 1300°C [1]. However, the optimization 
of sanitaryware porcelain production requires 
further improvement with regard to ceramic 
structures and their properties [1–3]. 
 
This study investigates the effect of nepheline 
syenite addition on the sintering behaviour of 
sanitaryware porcelains. Nepheline syenite is a 
light-coloured, medium to coarse-grained 
holocrystalline, silica-deficient, feldspathic, 
plutonic igneous rock, which is largely made up of 
sodium feldspar (albite) and alkali feldspar 
(orthoclase, microcline), but no quartz. Nepheline 
syenites are essentially syenites that are 
undersaturated with respect to silica. Crystallization 
from magma undersaturated with respect to silica 
results in the formation of nepheline instead of 
albite feldspar [4].  
 
In this study, three ceramic sanitaryware 
compositions were prepared. Samples were 
prepared by substituting Na feldspar (max. 30 wt 
%) with nepheline syenite. 
 

METHODS AND PROCEDURES 
Samples were prepared under industrial conditions. 
All sanitaryware body compositions contain clay, 
kaolin, quartz and feldspar. The chemical 
compositions of these raw materials were 
determined using an X-ray fluorescence analyser 
(Rigaku, ZSX Primus). A formulation used in 
industrial production was selected as the standard 
body (ST) composition. The composition 
containing nepheline syenite was named as NC. 
The mixture of raw materials was ground in a ball 
mill with alumina balls for 7 h. The particle size 
distribution of the mixture was measured using a 
laser particle-size analyser (Malvern, Hydro 
2000G). The mean particle size of ST and NC was 
17.4 µm.  The litre weight of the ST and NC slips 
was measured using a pycnometer and held at 1800 
g/L. Viscosity of the slips was measured using a 
Ford Cup viscometer. Thixotropy was measured 
using a Gallenkamp-type torsion viscometer. The 
samples were prepared using the slip casting 
method in a plaster mould in order to easily 
measure deformation, strength, firing shrinkage and 
water absorption and to perform the Harkort 
analysis. After shaping, the samples were dried at 
110 °C for 1 h. All samples were fired under 
industrial conditions after which the material 
properties were measured. The sintering behaviour 
was investigated using an optical dilatometer 
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(MISURA ODHT HSM 1600/80, Anadolu 
University, Turkey).  Samples were sintered at 
1275 °C with a heating rate of 20 °C/ min. X-ray 
diffraction (XRD) was used for phase analysis in 
the fired formulations. This was performed using a 
Rigaku Rint 2200 diffractometer (with CuKα 
radiation) at 40 kV and 30 mA. Samples were 
scanned from 2θ =5° to 70°, at a scanning speed of 
2 °/min.  Chemical analysis of the raw materials is 
shown in Table 1. The microstructures of the 
ceramic bodies were determined using scanning 
electron microscopy (SEM, Zeiss EVO 50EP, 
Anadolu University, Turkey). For the SEM analysis 
polished surfaces were etched for 2 min in 5% HF 
solution, washed ultrasonically with distilled water 
and ethylic alcohol, dried and subsequently coated 
with Au and Pd. 
 
 
RESULTS AND DISCUSSION 
The rheological properties of the slips are given in 
Table 2. The litre weight of the slips remained 
constant at 1800 g/L. There was a decrease in 
viscosity and thixotropy with the addition of 
nepheline syenite. Thickness rate is the most 
important property of sanitaryware slip. After 
casting, water is absorbed by the plaster mould due 
to capillary action. As time progresses, an area 
shaped similar to a plastic mould and with suitable 
solid-liquid properties is formed. The thickness of 
this area increases at a decreasing rate over time; 
this thickness rate should be as high as possible for 
a good casting. Although viscosity and thixotropy 
values decreased, the addition of nepheline syenite 
did not have any negative effect on the thickness 
rate of the slip. Drying shrinkage, firing shrinkage 
and total shrinkage values are shown in Table 3. 
Firing shrinkage and total shrinkage increased with 
the addition of nepheline syenite. However, there 
was a slight decrease in drying shrinkage. Dry 
strength, firing strength, water absorption and firing 
deformation values are given in Table 4. The drying 
and firing strengths of the bodies showed an 
increase with the addition of nepheline syenite. 
Deformation is one of the most important properties 
of sanitaryware bodies. The first deformation 
occurs during the drying process and the second 

during firing. The addition of nepheline syenite 
resulted in an increase in deformation. Harkort 
testing was carried out in order to choose an 
adequate glaze for the biscuit. This requires 
knowledge of the basic characteristics of glazes as 
well as those of the biscuit, mainly the firing 
temperature of the glaze and the dilatation curve of 
the biscuit and glaze below the transformation point 
of glass (Tg). The balance of dilatation between 
biscuit and glaze, so that tensile and/or compressive 
stress does not originate in the glaze during cooling 
at the end of firing process is a basic and 
unavoidable requirement. Tensile and higher 
compressive stresses in the glaze are released via 
crack formation. The number and shape of the 
cracks in the glaze are dependent on the value of 
the thermal expansion coefficient difference 
between biscuit and glaze, the glaze coat thickness 
(usually 150 – 250 µm), the nature of the glaze-
biscuit interface that forms during firing, the firing 
quality of the glaze and the cooling rate. The 
maximum withstanding temperatures of the glaze 
and bodies without crazing (cracking) are given in 
Table 5.  It was determined that while the glaze and 
body of a standard sample withstood up to 190 °C, 
the glaze and body of the nepheline sample 
withstood up to 210 °C. 
 
Sintering behaviours of ST, NC1, NC2 and NC3 are 
shown in Fig. 1. All the sanitaryware porcelain 
bodies were sintered at 1275 °C with a 30 min 
soaking time. The results show that the ST and the 
bodies containing nepheline syenite exhibited very 
different sintering behaviour. As seen in Fig. 1, 
sintering starting temperature was 949 °C for ST, 
and the flex temperature, which indicates the 
temperature of the highest sintering rate, was 1234 
°C. Sintering began at   947 °C for NC1 and the 
flex temperature was 1189 °C. Sintering began at 
945 °C for NC2 and the flex temperature 1190 °C 
was almost same as that for NC1. Sintering started 
at 929 °C for NC3 and the flex temperature was 
1181 °C.  Investigation of the sintering behaviours 
of the bodies showed that as the amount of 
nepheline syenite increased, sintering rates 
accelerated. These findings demonstrated the effect 
of nepheline syenite as a fluxing agent. 

 
 
Table 1:  Chemical analysis of raw materials 

 LOI* SiO2 Al2O3 Fe2O3 TiO2 CaO MgO Na2O K2O SO3 

Albite 0.39 69.96 17.84 0.16 0.19 0.57 0.26 9.92 0.41 - 
Quartz 2.02 89.94 5.6 0.62 1.02 - - 0.24 0.16 - 

Kaolin 1 9.02 64.71 24.21 0.64 0.34 0.09 0.05 0.08 0.21 0.47 
Clay 1 10.30 56.40 29.59 1.85 1.13 0.26 0.48 0.21 1.59  
Clay 2 10.15 56.78 27.18 1.97 1.20 0.19 0.57 0.19 1.61 0.06 

Kaolin 2 11.40 48.02 36.01 1.02 0.06 0.07 0.40 0.13 2.73 - 
Nepheline 

syenite 0.78 56.9 23.86 1.12 0.01 1.34 0.03 9.58 6.37 - 

*LOI: loss on ignition 
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Table 3: Drying shrinkage, firing shrinkage and total shrinkage values 

 
Drying 

Shrinkage  
(%) 

Firing shrinkage 
(%) 

Total 
shrinkage 

(%) 
ST 2.5 9 11.5 

NC1 2.5 9.4 11.9 
NC2 2.4 9.6 12 
NC3 2.2 10 12.2 

 
 

 
 

Table 4: Dry strength, firing strength, water absorption and firing deformation values 

 Dry strength 
kg/cm2 

Bending  
strength 
kg/cm2 

Water absorption 
(%) 

Firing deformation 
(mm) 

ST 31.25 340 0.1 23 
NC1 31.5 341 0.01 26 
NC2 32 344 0.01 28 
NC3 32.8 346 0.01 30 

 
 
Table 5: Harkort testing 

 Glaze Slip  

ST Maximum 190º Maximum 190º 
NC1 Maximum 210º Maximum 210º 
NC2 Maximum 210º Maximum 210º 
NC3 Maximum 210º Maximum 210º 

 
The presence of nepheline syenite favoured the 
consumption of residual quartz in the formation of 
new mullite crystals; this was observed in the XRD 
patterns and SEM images (Figs. 2 and 3) which 
show that the amount of mullite crystals in NC1, 
NC2 and NC3 increased. Nepheline syenite 
accelerates the process of liquid phase formation, 
and may also modify the properties of the liquid 
formed [5]. This provides favourable conditions for 
diffusion, stimulating the nucleation and growth of 
mullite crystals. In this case, an acceleration of the 
mullite formation processes occurred. In addition, 
the glassy phase increased gradually with 
increasing nepheline syenite addition as shown by 
the XRD peaks in Fig. 2. It was also observed that 
the rising glassy phase in conjunction with 
increased nepheline syenite addition caused a 
higher sintering rate (Fig. 1). This result suggests 
that increasing nepheline syenite addition facilitates 

the liquid phase sintering mechanism provides 
lower sintering temperatures and results in a 
decrease in sintering time.  
 
Fig. 3 (a) and (b) shows the microstructures of ST 
and NC1. As can be seen, the crystalline mullite 
and quartz phases are dispersed in a glassy matrix. 
In Fig 3, mullite crystals are detectable as primary 
mullites. Primary mullite (Type 1) crystals are 
derived from feldspar-penetrated clay relicts in a 
less viscous environment, as feldspar becomes a 
fluid liquid phase at low temperatures [6]. Fig. 3 (b) 
shows the microstructure of NC1, i.e. mullite and a 
small amount of quartz particles embedded in a 
glassy phase. In this sample, quartz particles started 
to dissolve with the addition of nepheline.  The 
most important difference between the ST and NC1 
is the appearance of needle-shaped mullites 
(secondary mullite, Type 2). Mullite needles 
formed in areas that were mixtures of fine clays, 
feldspars and quartz. These areas, in which feldspar 
particles were well mixed with kaolinitic clay or 
had gone through clay agglomeration formed 
elongated needle-shaped crystals termed secondary 
mullite [6]. These mullites were surrounded by a 
more fluid liquid enriched in alkalis, which 
favoured the fast growth of mullite crystals [6].  
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Fig. 1:  Non-contact optical dilatometric sintering curves of ST, NC1, NC2 and NC3 bodies 
 
 

 
Fig: 2. X-ray diffraction patterns of ST, NC1, NC2 and NC3 bodies, M: mullite, Q: Quartz. 
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Fig 3. (a) Microstructure of the standard sanitaryware body (ST), (b) Microstructure of the NC3 body, G: glassy 
phase, PM: primary mullite and SM: secondary mullite, Q: quartz.  
 
 
CONCLUSION 
In this study, the effect of nepheline syenite on the 
sintering behaviour of sanitaryware bodies was 
investigated using a non-contact optical dilatometer. 
Results revealed that the sintering rate increased as 
the amount of nepheline syenite increased. The 
sintering behaviour analysis also showed that the 
glassy phase increased gradually with increasing 
nepheline syenite addition. Nepheline syenite 
favoured the consumption of residual quartz during 
the formation of new mullite crystals. This resulted 
in increase in bending strengths of NC1, NC2 and 
NC3 compared with that of ST.  
 
In conclusion, increasing nepheline syenite addition 
facilitates a liquid phase sintering mechanism 
provides lower sintering temperatures and results in 
a decrease in sintering time compared with that of 
standard bodies. 
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