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ABSTRACT 
Addition of rock dust in production of ceramic was a great concern for quality improvement and eco-friendly 

material. This study aims to investigate the influence of rock dust addition on the quality of Cambodian ceramic 

using clay deposit from Kandal province. Characterization of raw samples was conducted on physical, chemical, 

and mineralogical properties. The green clay samples were formed and fired at temperatures from 700 to 1200ºC. 

The fired ceramics were characterized on bulk density, water absorption and flexural strength. The ceramic samples 

which incorporated with rock dust from 5 to 20 wt % were investigated. Results show that the main oxide 

compounds in the samples were SiO2, Al2O3, and Fe2O3, whereas the other oxides were presented in small quantity. 

The rock dust contains about 9.5% of feldspar (orthoclase) acts as fluxing agent to improve the ceramic quality. 

Results from fired ceramic showed that the strength improvement was observed for all ceramic mixtures 

incorporating with rock dust and the optimum was noted at 15 wt.% which has water absorption of 15.5% and 

flexural strength of 38.4 MPa. Therefore, utilization of appropriate rock dust proportion shows great contribution 

not only to technological performance of ceramic but also to economy and ecology aspects. 

 

INTRODUCTION 
The addition of quarry waste or rock dust in production 

of ceramic was a great concern for quality improvement, 

reduction of impact to the environment and decreasing 

of raw material costs. The usage of quarry waste 

especially waste from Igneous rock in the production of 

ceramic has been done successfully in a lot of countries 

due to reduction in waste disposal cost, exhaustion of the 

natural resources, also its mineral composition (feldspar, 

quartz) which familiar with the raw materials in ceramic 

production and also provide a better quality of the 

product(Sultana et al., 2015). 

Exactly, the ceramic product especially brick is one of 

the most important material for building up walls, 

pavements, foundations, pillars, other structures and 

has been used since the early civilizations. A better 

quality of ceramic body is very essential for making 

them highly suitable for applications where the product 

is subjected to high mechanical or stress, and also the 

durability. Previously, brick was produced by clay or 

shale and then required some process. Nowadays, the 

modern production of ceramics was done by using 3 

major components such as: plastic components (clay), 

fluxing component (feldspar) and inert or aggregate 

components (quartz, sand) in order to obtain a better 

properties of ceramic product, since feldspar can reduce 

firing temperature, improve strength, toughness and 

enhance the sintering process during firing of ceramic. 

Although the addition of a fluxing component (feldspar) 

is helpful to improve the strength of the ceramic body, 

its price also effects on the cost of the final product. 

Hence, rock dust or quarry dust was used as the 

alternative feldspar to improve the ceramic quality and 

also reduce the production cost.  

In Cambodia, the manufactures of ceramic brick at 

Kandal province is one of biggest brick industry region 

to supply the bricks to construction industry in the 

capital city of Phnom Penh and other parts of country. 

However, the traditional methods of the ceramic 

production are still being practiced. This is the main 

reason that the quality of the local brick is still low 

compared to those imported from other countries in 

Southeast Asia. Therefore, the improvement of quality 

of ceramic brick incorporating with rock waste (rock 

dust) is one of our main concerns. 

The aim of this study is to observe on quality 

improvement of Cambodian ceramic using the Kandal 

clay with the addition of rock dust from aggregate 

industry for the application of brick. 

 

MATERIAL AND METHOD 
Material 
In this study, the clay raw sample was obtained from 

PkayPich brick manufacturing located in the 

ChambokMeas village, Bakhaeng commune, Bakhaeng 

district, Kandal province, Cambodia (coordinate – 

11°43'19.71"N, 104°57'32.75"E) (Fig. 1). Rock dust 

was collected from HTTK Aggregate Company, which 

located in Prey Veav village, ThummodaAr commune, 

Samraong Tong district, Kampong Speu province, 

Cambodia (coordinate –11°21'8.89"N, 104°27'9.49"E). 

 

Raw materials characterization 
Physical properties 
The physical properties of clay were studied by few tests 

such as particle size distribution and plasticity. 

The analytical method of particle size distribution was 

carried out by both of sedimentation process and wet 

sieving of raw clay sample to separate clay fraction (< 2 

μm). The 1000 g of bulk clay sample with 8 liters of 

water and 0.1 wt.% of [Na(PO3)6] were put in 

transparent plastic cylindrical column, then was stirred.  
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Fig. 1 Geological map of studied and surrounding areas (MME, 1998) 

 

Based on calculated time (t) of 8 hours, clay fraction 

remained in the specified depth (H) of 10 cm.  

Plasticity (plastic limit, liquid limit and plastic index) of 

the clay samples were conducted according to ASTM 

method (ASTM  D4318: ASTM , 2005). 

 

Chemical and mineralogy analysis  
The elements of raw samples were conducted by X-ray 

fluorescence using Rikagu ZSX Primus III XRF 

machine. The scanning time took 25 to 30 minutes and 

scanning range F-U.  

According to variable degrees of crystal perfection and 

small particles of clay, the popular method of 

mineralogical identification is X-ray diffraction (XRD) 

using Rigaku Multiflex model. The interpretation of 

mineral phases of sample was conducted by using the 

data base of the International Center for Diffraction Data 

(ICDD) and RRUFF. Moreover, the quantitative 

analysis of the clay and rock dust samples was 

calculated based on the rational mineralogical analysis 

(Coelho et al., 2002). 

 
Fired properties  
Clay sample was ground in powder form and use 6.5% 

of moisture for better compaction(Ngun et al., 2011). 

The moisturized sample was then grounded and sieved 

through a 600 µm, after that 13.5g of sample was placed 

in the test specimen which was rectangular 

(65mm × 15mm × 7 mm) in size and press by 30Mpa of  

hydraulic press. The specimens were air dried 12h, oven 

24h at 105 ºC then fired at different temperatures 

(700-1200 ºC) with 1h soaking time in an electric 

furnace. 

The water absorption and bulk density test of fired  

 

specimens were determined follow standard method 

(ASTM C20-00 : ASTM , 2012). The flexural strength 

was conducted by three-point bending test according to 

the (ASTM C1161 : ASTM , 2013) by using Shimadzu 

AG- plus machine. 

 
 
Fig. 2 Specimens with different firing temperatures 

 

Quality upgraded of ceramic brick with rock 
dust addition 
The varies weight percentage of rock dust (5-20%) were 

totally mixed with clay and granulated by the laboratory 

porcelain ball mill (wet grinding) for 3h, then drying and 

disaggregate. The disaggregated sample was 

moisturized by using distilled water 6.5 wt. % of dry 

sample. The moisturized sample was press in mold by 

hydraulic press with pressure 30 MPa. The specimens 

were dried and fired at optimum temperature with 1h 

soaking time in an electric furnace. Fired specimens 

were tested by bulk density, water Absorption and 

flexural Strength. 
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RESULT AND DISCUSSIONS 
Raw materials characterization 
The characterization of the physical properties, 

chemical, mineralogy, and firing properties of samples 

were observed.  

 

Physical Properties 
The percent of clay, silt and sand fraction which content 

in sample is shown in table. 1. It observed that in this 

sample, the weight percent of clay fraction (< 2 µm), silt 

fraction (2 - 75µm), and sand fraction (> 75 µm) are 

17.37%, 78.91%, 3.72%, respectively. The particle size 

clay fraction is reported to effect the plasticity (Bergaya 

& Lagaly, 2013). 

 

Table. 1 Particle size distribution and consistency limit 

of clay sample 

 

Particle size distribution (wt. %) CC - 1 

Clay fraction ( < 2µm) 17.37% 

Silt fraction (2-75µm) 78.91% 

Sand fraction ( >75µm) 3.72% 

Consistency Limit  

Liquid Limit 59.69 

Plastic Limit  26.53 

Plastic Index  33.16 

 

The consistency limits of the samples (Listed in Table. 

1), are plotted on the Holtz and Kovacs diagram in Fig. 3. 

The diagram illustrates that clay sample is plotted in the 

range of the very plastic clay and also in the illitic clay 

region, which is good for the production of ceramics. 

The various factors which affect the plasticity properties 

such origin of geological formation, particle size 

distribution, mineral composition, impurities (non-clay 

minerals), and organic matter (Bergaya & Lagaly, 2013). 

 

 
 
Fig. 3 Position of clay sample on the Holtz and Kovacs   

 
Chemical and mineralogical analysis 
 

The chemical properties and the losses on ignition of the 

samples are listed in Table. 2. The chemical analyses of 

the clay samples also show higher contents of Fe2O3 

(6.65 wt. %) give the reddish color of the clay-based 

products after firing (Ngun et al., 2011). The losses on 

ignition (about 8.69 wt. %) of the samples are associated 

with the presence of clay minerals, hydroxides and 

organic matter (Milheiro et al., 2005). 
For rock dust sample, the ferric oxide (Fe2O3), K2O, 

Na2O, and MgO content in the composition of rock dust 

influence to the sintering state of ceramic product by 

acting as a fluxing agent. 

 
Table. 2 Chemical compositions of clay and rock dust sample 

 

Compound CC-1 (%) RD-2 (%) 

SiO2 55.77 59.15 

Al2O3 22.61 16.28 

Fe2O3 6.65 6.92 

K2O 2.81 3.22 

TiO2 0.88 0.76 

MgO 1.51 3.09 

CaO 0.49 8.31 

Na2O 0.48 1.87 

P2O5 0.06 0.21 

MnO 0.06 0.14 

LOI 8.69 0.05 

 

As results, the XRD patterns of clay and rock dust 

samples are shown in Fig. 4 and 5. The clay sample can 

be observed quartz (Q), illite (I), kaolinite (K), and 

chlorite-vermiculite mixed-layer (M) were assigned to 

the major peaks (Ngun et al., 2011). In addition, 

Feldspar (Fp) was also found in the samples as minor 

peak. This result illustrated that the fluxing agent 

(feldspar) is contained in clay sample. Moreover, the 

mineral composition of clay sample was listed in table. 

3. 

 
 

Fig. 4 XRD patterns of clay sample 

 

The rock dust sample can be observed that the pattern of 

quartz (Q), plagioclase (P), pyroxene (Py) chamosite 

(Ch) which were assigned to the major peaks and pattern 

of orthoclase (O), and mica (M) were found in the 

sample as minor peaks (Menezes et al., 2005). Based on 

rational mineralogical analysis (Listed in Table. 3) can 

be seen that the series of minerals contains in rock dust 

such: M, Q, Py, P, O, Ch and accessories were 6.9 %, 3.7, 

8.36, 64.23, 9.56, 7.1 and 0.15%, individually. From this 

analysis orthoclase and plagioclase also found in this 
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sample which is the critical in the improvement of the 

quality of ceramic as the feldspar contain fluxing agent 

which enhance the sintering process during firing of 

ceramic. 

Table. 3 Mineral composition of raw sample 

Fig. 5 XRD pattern of rock dust sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Water absorption, bulk density and flexural strength of fired specimen at 700 ºC, 800 ºC, 900 ºC, 1000 ºC, 1100 ºC, and 1200 

ºC (a) Water absorption, (b) Bulk density, (c) Flexural strength 
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Fired properties 
The specimens of clay were fired at different 

temperatures 700 ºC, 800 ºC, 900 ºC, 1000 ºC, 1100 ºC, 

and 1200 ºC. Fig. 6 shows the result of water absorption, 

bulk density and flexural strength (MOR) of ceramic 

body obtained in the laboratory test. It can be seen that 

the below 1000 ºC, water absorption is slightly increased, 

while 1000-1200 ºC or 1000 ºC up the trend is rapidly 

decreased regarding to the densification during sintering 

state which lead to decrease the water absorption 

(Monteiro et al., 2005).  

Likewise, Fig. 6(b) illustrates that the trend of bulk 

density only slightly rises below 1000 ºC, while at 

temperature higher than 1000 ºC, there’s dramatically 

increases to 2.19g/cm3 due to the densification of the 

ceramic bodies with the increasing of firing temperature 

(Monteiro et al., 2005). It can explain that during 

sintering, there are the formation of liquid phases and 

then the tension of liquid surface and capillarity help to 

bring particle close together and reduce porosity 

(Monteiro et al., 2005).  

The flexural strength of specimen illustrates that, there’s 

a steady development of flexural strength at firing 

temperature below 1000°C (Fig. 6(c)). However, above 

1000°C the flexural strength is significantly increased. 

Technically, the increase of flexural strength is because 

of the reducing of porosity. The reducing is the result of 

the densification of clay which is effected by the phase 

formation of the fluxing agents. It can be seen, with the 

increase in firing temperature, the higher strength is 

observed. At firing temperature of 1200 ºC, the highest 

flexural strength of the clay is associated with the lowest 

water absorption, and highest bulk density. 

 

Quality upgraded of ceramic brick with rock 
dust addition 
After the fired properties (water absorption, bulk density 

and flexural strength) of fired clay was observed, 1000 

ºC is the barrier between slightly and dramatically 

change of the fired properties value. To meet the 

Brazilian standard of clay bricks, also based on the 

technical and economical reason, 1050 ºC can be set as 

fixed temperature for firing clay-rock dust specimen. 

This assumption also revealed by Johari et al. (2010).  

Fig. 7 illustrates the result of water absorption, bulk 

density and flexural strength (MOR) of clay-rock dust 

specimen. Technically, the water absorption rises with 

the increase of porosity of raw material. In addition, 

bulk density value is related to WA and Po. The graph 

shows that the water absorption and porosity are slightly 

increase reversely with bulk density and followed by the 

increase of rock dust proportion (5 - 20%). The increases 

of water absorption can be regarded as a result of 

increase in pore size in ceramic specimen due to the 

volume expansion of green body, as mineral 

composition in rock dust do not impart the plasticity, 

when adding too much of rock dust, the plasticity of the 

mixture drop and volume of green body expand during 

drying. The expansion leads to the occurrence of gas 

trapping which create pore inside the fired specimen 

(Souza et al., 2010) . Additionally, this increasing due to 

the noticeable amount of the inert component (SiO2) 

contained in rock dust Mahmoudi et al. (2008). The 

graph also illustrates that the bulk density decrease with 

the increases of rock dust proportion. Theoretically, the 

decrease is result from the increase of the porosity of 

specimen.  

 

 

 
 

Fig. 7 water absorption, porosity, bulk density and 

flexural strength of clay with rock dust specimen 

 

The graph shows the variation of flexural strength of 

fired ceramic specimen with rock dust proportion. It can 

be seen that the higher flexural strength can be obtained 

with all rock dust addition compared to without the 

concentration of rock dust specimen which obtained 

only 26.08 MPa. The trend rises dramatically with the 

increased of rock dust 5 to 15%, and the highest flexural 

strength was observed with 15% of rock dust proportion. 

This increase can be explained that, with rock dust 

addition, the permeability of the green body increases 

due to the increase in expansion, as the mineral 

composition in rock dust do not impart plasticity. The 

increase in permeability of the green body make escape 

of water more easier during drying without generation of 

internal stresses and micro-cracks in the ceramic body 

which lead to higher of flexural strength (Menezes et al., 

2005).  

According to the results above, 15% of rock dust 

proportion show the highest peak of flexural strength 

value (38.43 MPa) with the adequate value of water 

absorption (15.53%), and bulk density (1.84g/cm3). 
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CONCLUSION 
Based on the results obtained from difference 

experimental processes on the quality improvement of 

Cambodia ceramic brick can be concluded that: 

i. CC-1 is a high plastic clay which contains main 

major elements such as: SiO2, Al2O3 and Fe2O3.  

ii. The physical and mechanical properties of fired 

specimen is achieved a better result with the firing 

temperature   1000ºC due to the densification 

during sintering. 

iii. The rock dust sample also contains the considerable 

fluxing agent which is helpful to improve the 

quality of ceramic product. 

iv. The addition of rock dust in ceramic brick 

production with proportion (5 - 20%), for 15% of 

rock dust concentration causes a slightly increase in 

the water absorption, but increase dramatically in 

the flexural strength to the highest point 

(38.43MPa). 

v. Manufacture of brick using combination of rock 

dust with clay is feasible. The method of this 

research will contribute not only to technological 

performance of ceramic but also to economy and 

ecology aspects.     
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