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The Fluxing action of Lithia (Li2O) was investigated by addition of Lithium 

Carbonate and Spodumene to sanitary ware body. Rectangular specimens 

were prepared by Slip Casting method prior to firing at 1150°C and 1200°C. 

The effect of Lithium oxide in sanitary ware body was found to be favorable 

for reducing maturing temperature up to 50°C. The presence of lithia 

reacting with other oxides and silicates formed a liquid phase of lower 

viscosity, which accelerated the densification through viscous flow sintering, 

without compromising the mechanical strength. Phase development of the 

fired bodies were also discussed and well correlated with the final properties. 

Lowering the sintering temperatures leads to reduction in fuel consumption 

and environment harmful gases. 
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1. Introduction:- 
The energy conservation is an essential step towards overcoming the mounting problems of the worldwide energy 

crisis and environmental degradation (1). The ceramic industry has high energy demands, also they are recognized 

for great percentage of the energy cost in the total production cost (2). There are high amount of Green House gases 

like CO2 & Poisonous CO, SO2 etc. evolved, which are harmful to the environment (3). 

 

Traditionally, Feldspar is being used as a flux which introduces alkaline oxides such as Na2O, K2O, Li2O etc. 

providing a liquid phase at elevated temperatures and thus promoting densification (4-8). Additionally, Quartz also 

participates in the fusion of feldspar and controls the viscosity of the liquid phase (9). 

 

Lithia is a very effective flux, especially when used in conjunction with potash and soda feldspars. Lithium 

Carbonate and Spodumene are the two major mineralogical sources of Li2O. Spodumene is a lithium alumina-

silicate with the formula Li2O•A12O3•4SiO2 has a pyroxene structure (10, 11). It has a melting temperature of 1420 

°C, density of 3.2 gm/cm
3
 and Moh’s hardness of 6.5 to 7. Li2O content varies from 4 to 8% (12-14). Several works 

have been published showing primary fluxes like soda & potash feldspar incorporated with spodumene and other 

fluxes like Colemanite or Nepheline synite, has potential to reduce the firing temperature up to 100°C in Porcelain 

tile composition (15-17). 

 

In the present Investigation, we have studied the effect of incorporating Li2O with other primary fluxes to achieve 

better densification even at certain low firing temperatures in sanitary-wares particularly. 

 

2. Material and Methods:- 
2.1. Raw Material:- 

Preparation of sanitary ware composition was done by using Ball Clay, China Clay, Quartz and Potash feldspar. 

Priority was given in the use of local available clays. Chemical analysis of the raw materials used is listed in Table 

(I). 

http://www.journalijar.com/
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Table (I): Chemical analysis of Raw-materials (in weight %). 

 

Oxides Clay 

 

(K-4) 

Clay Potash Feldspar Quartz 

(555-Grade) (8%K2O) 

SiO2 52.8 66.74 70.6 98.89 

Al2O3 33.74 21.22 17.3 - 

Fe2O3 0.41 1.22 0.1 .029 

TiO2 0.06 3.34 - - 

MgO 0.66 0.129 - 0.085 

CaO - 0.232 0.3 0.468 

Na2O 1.28 0.027 3.3 - 

K2O 0.7 0.849 8.1 0.055 

L.O.I 9.1 6.238 0.92 0.375 

 

Laboratory grade lithium carbonate with a purity of 99% was used. Spodumene was imported and the chemical 

composition was determined by using the X-ray fluorescence (XRF) spectrometer according to ASTM C114-00 (18) 

listed in Table (II). 

 

Table (II): XRF Result of Spodumene 

Oxides Concentration (wt %) 

Li2O 6.80 

SiO2 61.89 

Al2O3 23 

Fe2O3 0.08 

P2O5 0.27 

MnO2 0.04 

CaO 0.18 

Na2O 0.45 

K2O 0.40 

 

2.2. Sample Preparation:- 

Lithia was introduced by two sources as-  

[1] Lithium Carbonate (S-1, S-2 and S-3) 

[2] Spodumene (S-4, S-5 and S-6) 

Batch S-0 was taken as base composition. Weight percentage composition for different samples is listed in Table 

(III).  

 

Table (III): Sample Composition (in weight %) 

Raw-Materials S-0 S-1 S-2 S-3 S-4 S-5 S-6 

Clay (K-4) 37 37 37 37 37 37 37 

Clay (555-Grade) 23 23 23 23 23 23 23 

Potash Feldspar 25 24 23 22 23 21 19 

Quartz 15 15 15 15 15 15 15 

Lithium Carbonate 0 1 2 3 0 0 0 

Spodumene 0 0 0 0 2 4 6 
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For the preparation of slip, all the raw materials were crushed and sieved. Sieves with different mesh sizes were used 

to obtain a particle size distribution. Around 30-35% of water was added. For better dispersion, de-flocculants like 

sodium silicate (0.5%) was added to the slurry prior to mixing. The prepared slip was kept on agitation for 24 hours 

to obtain better homogeneity and develop plasticity. Then it was casted into rectangular samples using Plaster of 

Paris moulds and left for 12 hours. 

 

2.3. Drying & Firing:- 

The test specimens were removed from the mould and allowed to dry in the open atmosphere for 24 hours. Then the 

bodies were dried for 6 hours at 110°C in an electric air oven. Sintering was done at 1150°C and 1200°C in a muffle 

furnace with a soaking time of 2 hours with an average heating and cooling rate of 4°C/min & 2.5°C/min 

respectively. 

 

3. Results and Discussion:-  
It was found that replacing Potash feldspar by Lithium carbonate and Spodumene didn’t affect the behaviour of the 

composition in the pre-firing stages as green strength and workability found same as of base composition. Several 

Physical and Mechanical properties of the fired product was determined as given below- 

 

3.1. Apparent Porosity & Bulk Density:- 
The boiling water method according to ASTM C20 (19) was used to determine the apparent porosity (A.P.) and the 

bulk density (B.D.) and the results are plotted in Fig (I) to Fig (IV) Respectively. 

   

Fig (I): Effect of addition of Li2CO3 on A.P.   Fig (II): Effect of addition of spodumene on A.P. 

   

Fig (III): Effect of addition of Li2CO3 on B.D.  Fig (IV): Effect of addition of spodumene on B.D. 
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It has been observed that sample S-0 has highest and S-5 has the lowest porosity amongst samples fired at lower 

temperature (1150°C). Maximum bulk density was also found for sample S-5. 

3.2. Water Absorption (W.A.):- 

Water absorption is an important property to be measured for sanitary ware especially and was determined 

according to ASTM C20 (19). It was found that sample S-5 has negligible water absorption even in unglazed 

condition as shown in Fig (V) & (VI). 

   

Fig (V): Effect of addition of Li2CO3 on W.A.  Fig (VI): Effect of addition of spodumene on W.A. 

 

3.3. Modulus of Rupture (M.O.R.):- 

The M.O.R. was determined according to ASTM C-133/97 (20) and shown in Fig (VII) & Fig (VIII). It was 

observed that samples S-0 to S-4 doesn’t have good flexural strength when fired at 1150°C whereas S-5 was found 

positive. These results show a possibility of Bloating in sample S-1 to S-3 due to the de-composition of Lithium 

carbonate at elevated temperature evolving carbon dioxide. 

Li2CO3                       Li2O + CO2 (g) 

   

Fig (VII): Effect of addition of Li2CO3 on MOR  Fig (VIII): Effect of addition of spodumene on MOR 
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3.4. X-Ray Diffraction (XRD) Analysis:- 

XRD was carried out for optimized sample (S-5) and results were recorded in 10° to 50° range of 2Ɵ in a “Rigaku 

Mini Flex-II Desktop X-ray Diffractometer”. The XRD pattern of sample S-5 has shown in Fig (IX). Results were 

studied using JCPDS file to identify the phases developed after sintering. The major phase identified as Quartz and 

some small peaks corresponding to Mullite were also identified which supported the good mechanical properties 

shown by the sample. 

  

 

Fig (IX): X-Ray Diffraction for Sample S-5 

In summarizing these results, it is observed that Spodumene has contributed to the formation of liquid phase before 

reacting with the other ingredients of the mixture and the densification of the body was advanced by the presence of 

this liquid phase by viscous flow. This Sintering action can be explained by the eutectic found at 975°-1000°C, in 

the Ternary Phase diagram for Li2O·SiO2 – SiO2 – Li2O·Al2O3·4SiO2, given in Fig (X). 

 

Fig (X): Ternary phase diagram for Spodumene 

 

4. Conclusion:- 
After analyzing the results, the outcome of the experiment can be summarized as- 

1. Lithia has a very significant fluxing effect in sintering of ceramics. However, Lithium carbonate has a 

limitation due to bloating, which constraints its uses up to 2% only. 

2. Spodumene incorporated with other fluxes in sanitary ware compositions has lowered the firing 

temperature but didn’t narrow the firing range, which represents a technical advantage compared to other 
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vigorous fluxes. It reveals the possibility of reducing the energy consumption during firing by decreasing 

maturing temperature by 50˚C. 

3. The Lithium ion having extensively small size (90pm), provided by both Lithium carbonate & Spodumene, 

has the potential to reduce the maturing temperature without decreasing the surface tension. This explains 

the large range for firing. 

4. Reduction in maximum temperature of the kiln leads to reduction in environmental pollution and extending 

refractory and furnace life cycle. 
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