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Particle Size Distribution Study Of China Clay Of 
Bhilwara Area, Rajasthan Using Laser Diffraction 

Technique  
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Abstract:  A  number of prominent deposits of china clay are occurring south-east of Bhilwara, Rajasthan. The deposits are being utilized by open-cast, 
semi-mechanized methods of mining. Field study shows that china clay produced from the area is white to creamish-white, reddish and yellowish in 
colour and siliceous in composition. Silica occurs as granular quartz of variable size. This paper is focused on the particle size distribution analysis of 
four china clay samples using laser diffraction technique. The analytical data reveal that out of the four samples, three have poor plasticity while, one 
sample shows moderately good plasticity. 
 
Index Terms: China clay, Particle size analysis, Laser diffraction technique, Bhilwara, Rajasthan. 

.  ——————————      —————————— 

 
1. INTRODUCTION 
A wide variety of clays i.e. china clay or kaoline, ball clay, 
bentonite, fuller’s earth, fire clay and lithomarge are occurring 
in different parts of Rajasthan (DMG,1991). The state of 
Rajasthan is one of the leading producers of clays in the 
country and accounts for about 16% of the national production 
(IBM, 2017). China clay is mostly white in colour, earthy in 
form and smooth in feel. In India, china clay is used in 
processed and unprocessed forms. The processed china clay 
is used in a large number of industries i.e. ceramic, paper, 
rubber, textile, pharmaceutical, cosmetic etc. However, it is a 
principal raw material of ceramic industry. The unprocessed 
china clay finds its use mainly in cement, insecticide and 
refractory industries. The cement industry consumes a large 
quantity of unprocessed china clay in production of portland 
cement (Shekhawat and Sharma, 2009). The use of china clay 
depends mainly upon its whiteness, particle size, chemical 
composition, plasticity, green and dry strength, brightness and 
viscosity. China clay is generally formed by weathering or 
hydrothermal alteration of older quartzo-felspathic igneous or 
metamorphic rocks viz. granites, gneisses etc. (Deer et al., 
1971).Thus, china clay consists mainly of kaolinite 
(Al2Si2O5(OH)4 as clay mineral and quartz and partially 
decomposed feldspar as non-clay minerals. Mica, iron-oxides 
(hematite and magnetite) and titana bearing minerals are also 
present in small amounts as significant impurities. The particle 
size distribution is an important physical property which 
determines application of china clay in ceramic industry. It is 
also directly related to plasticity and dry shrinkage of the clay. 
The particles of china clay are mostly hexagonal in outline 
(0.05 to 10 micron) with an average size of about 0.5 micron. 
China clay is characterized by having good plasticity, softness 
and non-swelling nature on addition of water. It is also a non-
conductor of heat and electricity and can withstand at high 
temperature of about 1300 °C.In present study, an attempt has  

 
 

been made to understand suitability of clay of the area in 
ceramic industry. Thus, this paper presents mainly the results 
of particle size analysis of the china clay samples of Bhilwara 
area, Rajasthan. The particle size analysis was carried out by 
using Laser diffraction technique at Sophisticated 
Instrumentation Centre for Applied Research and Testing 
(SICART) Laboratory, Vallabh Vidyanager, Anand, Gujarat. 

 
2. FIELD STUDY 
The study area is located about 20 km south-east of Bhilwara 
town, Rajasthan (Fig.1). The china clay deposits occur as 
weakly consolidated and steeply dipping prominent beds of 
variable size. The strike length and width of these deposits 
varies from 300 to 450 m and 60 to 150 m respectively. The 
maximum explored depth is about 60 m as measured in 
Bahadurpura area. The contact of these deposits with side 
rocks is sharp and clearly visible as observed in quarry 
sections. These deposits are being developed and utilized by 
open-cast, semi-mechanized methods of mining (Fig. 2). The 
china clay produced from the area is mostly white in colour 
and siliceous in composition (Fig.3). However, nearly 30% clay 
of the deposits is reddish and yellowish in colour which might 
be due to presence ferruginous impurities (Mallik and 
Bhattacharya, 2007). The white clay occurs mostly in central 
part while, red and yellow varieties occur on both marginal 
parts of the deposits. A thin, impersistant zone consisting 
mainly of coarse grained quartz and minor amount of clay also 
occur at the contact of wall rock and clay deposits. For the 
present study, four fresh and representative samples of china 
clay were collected from working faces of four different 
deposits located in the area (Fig.1). The details of these 
samples are given in Table 1. 
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Fig. 1: Location Map of the study area. 
 

Fig. 2: Field photograph showing development of the Maheshpura clay 
deposit by open-cast method of mining. 

 
 

 
 
 
 
 
 
 
 

 
 
 

 
Fig. 3: Field photograph showing white china clay produced from 

Mangrop area. 
 
 
 
 
 
 
 

 
TABLE 1 

DETAILS OF THE CHINA CLAY SAMPLES TAKEN FOR PARTICLE SIZE ANALYSIS 
 
 
 
 
 
 
 
 
 
 

 
 
3. EXPERIMENTAL WORK 
Usually, particle size distribution is determined by mechanical 
sieving and sedimentation methods for coarse- and fine-
grained materials respectively. The time-consuming 
sedimentation test is an unfavorable method especially when 
a large number of tests are to be carried out within a short 
time period. This method was also found unsuitable with 
porous particles (Felix et al.,2011). Laser diffraction technique 
is the most popular and widely used in powder industries for 
determining the particle size distribution because of its 
simplicity, high repeatability, rapid analysis, small size of 
sample and detection of a wide particle size range (Ozer et al., 
2010., Felix et al., 2011). The principle of commercial particle 
size analyzer, using laser diffraction technique, is based on 
properties of light diffraction and scattering (Felix et al., 2011). 
The laser diffraction technique is based mainly on Fraunhofer 
diffraction and Mie theories. The Fraunhofer diffraction theory 
is not covering all effects of the laser light below 1-micron size. 
Besides scattering, there is reflection absorption and 
refraction. All these effects are described by Mie theory and 
hence, make it preferable for particle size analysis with laser 
diffraction near or in the submicron area. In present study, the 
particle size distributions were measured by laser particle size 
analyzer (Model: Helos-BF, SYMPATECH, Germany) which is 
able to measure particles ranging from 0.1 to 875 µm. It works 
on the principle of laser light diffraction. The system can 
analyze dry powders and wet emulsions. In present case, wet 
mode for the measurement was adopted due to good solubility 
of clay in water. Four fresh and representative samples of raw 
china clay were selected for particle size analysis. These 
samples were dried at 105°C in drying oven for over 8 hours 
and then grinded manually in an agate mortar and pestle 
before sieving. The filtered sample was collected for particle 
size analysis. Distilled water was used as dispersant. The test 
was carried out at SICART Laboratory, Vallabh Vidyanagar, 
Anand, Gujarat. 
 
4.  RESULTS AND DISCUSSION 
The results of particle size distribution analysis of clay 
samples of the area are shown graphically by Fig. 4 to 7 and 
presented in Table 2 to 5. The particle size data are also 
arranged in four particle size ranges with their fractions (Table 
6). These particle size distribution data shows that in clay 
sample of the Mangrop area (V-1), the fraction of finer 
particles (0 to 10.5µm) is 34.49% and the content of coarser 
particles (61 to 175 µm) is 6.45%. The average size of 
particles is 14.92 µm. In clay of Maheshpura area (V-4), the 
amount of finer particles (0 to 10.5 µm) is 80.48% while, 
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coarser particles (30-61 µm) are only 2.48%. The average size 
of particles is 4.77 µm. The fraction of finer particles (0 to 10.5 
µm) in clay samples of Kakroliya Ghati area (V-7) is 52.53% 
and the content of coarser particles is only 3.38%. The 
average particle size is 9.86 µm. Similarly, in clay sample of 
Bahadurpura area (V-10), the fraction of finer particles (0 to 
10.5 µm) is 65.11% and those of coarser particles (61 to 175 
µm) is only 0.07%. The average size of particles is 7.71 µm. 
 

  
Fig. 4: Particle size distribution curve of china clay sample (V-1) of 

Mangrop area. 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

Fig. 5: Particle size distribution curve of china clay sample (V-4) of 
Maheshpura area. 

 
 
 
 
 

 
 
 
 

 
 
 

 
 

Fig. 6: Particle size distribution curve of china clay sample (V-7) of 
Kakroliya Ghati area. 

 
 
 
 
 
 

 

Fig. 7: Particle size distribution curve of china clay sample (V-10) of 
Bahadurpura area. 

 
TABLE 2 

CUMULATIVE AND DENSITY DISTRIBUTION OF CHINA CLAY PARTICLES OF 

MANGROP AREA (V-1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     CONT. 2 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

TABLE 3 

30.00 97.32 27.39 0.27 

36.00 98.57 32.86 0.16 

43.00 99.29 39.34 0.09 

51.00 99.71 46.83 0.06 

61.00 99.93 55.78 0.03 

73.00 100.00 66.73 0.01 

87.00 100.00 79.69 0.00 

103.00 100.00 94.66 0.00 

123.00 100.00 12.56 0.00 

147.00 100.00 134.47 0.00 

175.00 100.00 160.39 0.00 
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CUMULATIVE AND DENSITY DISTRIBUTION OF CHINA  
CLAY PARTICLES OF MAHESHPURA AREA (V-4) 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 4 
CUMULATIVE AND DENSITY DISTRIBUTION OF CHINA  
CLAY PARTICLES OF KAKROLIYA GHATI AREA (V-7) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
TABLE 5 

 CUMULATIVE AND DENSITY DISTRIBUTION OF CHINA  
 

CLAY PARTICLES OF BAHADURPURA AREA (V-10) 
 
 
 
          Cont. 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

TABLE 6 
PARTICLE SIZE DISTRIBUTION OF CHINA CLAY  

IN BHILWARA DISTRICT, RAJASTHAN 
 
 
 
 
 
 

Grimshow (1971) suggested that the plasticity of clay strongly 
depends on particle size. The higher amount of finer particles 
enhances plasticity of clay (Singer and Singer, 1960). The clay 
of Mangrop, Kakroliya Ghati and Bahadurpura area have 
smaller amount of finer particles (0 to 10.5 µm). It indicates 
that clay of these areas is highly siliceous in composition and 
has poor plasticity. The clay sample of Maheshpura area 
shows higher fraction of finer particles (0 to 10.5 µm) 
suggesting its good plasticity. Particle size distribution is an 
important property considered for use of clay in ceramic 
industry. The clay for ceramic industry should contain 75 to 
85% finer particles (< 10 µm) and 5 to 10% coarser particles 
(< 25 µm) for different grades of ceramic products (IS 2840, 
2002). The particle size distribution data (Table 2 to 5 and 6) 
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suggests that clay of the Mangrop, Maheshpura, Kakroliya 
Ghati and Bahadurpura areas could not find use in ceramic 
industry. However, clay of the Maheshpura area may be used 
in manufacturing of low grade ceramic products after suitable 
blending of higher grade clay. The field study shows that about 
70% of the clay produced from the area is white in colour and 
siliceous in composition. The free silica occurs in significant 
amount as granular mass of variable size. This white and 
siliceous variety of china clay is not found suitable for its use in 
ceramic industry because the high content of silica and low 
amount of clay minerals decreases its plasticity (Souza et al., 
2005). However, this variety of clay can be suitably used in 
cement industries for the production of portland cement 
(Shekhawat and Sharma, 2009). The red and yellow coloured 
clay which is also siliceous in composition and makes nearly 
30% of the total production does not find any use and hence, 
treated as mineral reject. The red and yellow varieties of clay 
may also find use in manufacturing the red ceramic products 
like bricks, roofing tiles, ceramic blocks etc. (Souza et al., 
2005) after suitable processing. 
 
5. CONCLUSIONS 
The results of particle size distribution analysis coupled with 
field observations suggest that the clay of the study area is not 
suitable for use in ceramic industry except that of Maheshpura 
area. The white clay of Maheshpura area may find use in 
ceramic industry after suitable processing and blending of high 
grade clay. White clay of the area is suitable for use in cement 
industry for the production of portland cement. Similarly, it may 
find use in insecticide, refractory and abrasive industries 
where particle size distribution specifications are not required. 
A detailed Research & Development study is necessary to 
utilize red and yellow varieties of clay for their suitable use in 
red ceramics.  
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