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In this work, the effect of various weight percentage of rice husk ash (RHA) in ceramic brick production was investigated in
terms of mineralogical, physical, chemical and morphological properties. The evaluation of the use of RHA as a raw material
for ceramic products is tested to determine the linear shrinkage, volumetric shrinkage, water absorption, apparent density and
bulk density. These physical results suggested that the addition of RHA can improve the physical properties of ceramic brick.
Scanning electron microscopy images confirmed the increased of ceramic strength with the addition of RHA and firing
temperature. In addition, quantitative and qualitative chemical analysis supported the results obtained. Overall, the results
demonstrated the high potential of RHA in green technology for ceramic production.
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Introduction

In Malaysia, the production of paddy is increased

with 2.7%, which contributed to 2,639.9 thousand

tonnes in 2018 [1]. It can be expected that the by-

product waste generated from rice paddy production

increase steadily. Rice husk (RH) is a by-product of the

industrial processing of rice [2, 3] where approximately

0.23 tons RH is generated from every ton of rice

produced [4]. In fact, although RH is categorized as

waste or by-product, it contains valuable compositions

such as cellulose (38.3%), hemicellulose (31.6%),

lignin (11.8%) and silica (18.3%) [5].

In addition, the burning of RH can transform its

initial weight around 25% into ash called as rice husk

ash (RHA) [2, 6] which contains more than 90% silica

[7, 8]. RHA is composed primarily of silica, in amorphous

or crystalline form depending on combustion conditions

[9]. The crystalline and amorphous forms of silica have

different properties, and it is significant to produce ash

with correct specifications for specific end-use [10].

Main uses of RHA have been identified which is as

an insulator in the steel industry, as a pozzolan in the

cement industry, as a filler in rubber and civil con-

struction works as well as in the advance application

such as a ceramic filter for nanofiltration process in the

bioreactor [11-15]. In this stance, converting RHA into

a new potential application is able to reduce waste

disposal impact on the environment [16, 17], which

consequently can create environment sustainability

with zero secondary wastes.

The highly potential is to use waste in civil con-

struction works because it is well known that ceramic

has high tolerance in accepting different materials due

to heterogeneous natural ceramic raw materials [18,

19]. Furthermore, in Malaysia, the demand for bricks

productions is expected to increase quickly. The unit

price index for bricks and wall that are important and

prevalent building material keeps increasing according

to the Department of Statistics Malaysia, as reported in

November 2020 [20]. Hence, the approach to recycle

by-product from agriculture waste such as RHA into

ceramic productions is expected to provide low-cost

brick material with promising required properties.

Other countries, mainly rice-producing nation, have

also observed the surge in the utilization of RHA as a

raw material in ceramic production. For instance, in

Italy, a study by Andreola et al. have found that high

silica content in RHA can reduce the plasticity of the

ceramic body. Moreover, it shows the positive impact
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on linear shrinkage and negative impact on water

absorption, which is favourable in ceramic production

[21]. Moreover, RHA can be used to replace silica gel

partially in the production of porous ceramic [22]. On

the other hand, in Brazil, Fernandes et al. have conducted

a preliminary study on the local RH regarding the

suitability as ceramic raw material. It is found that high-

silica RHA, which has the potential to be used in the

ceramic material, can be produced via thermal treatments

[23]. With the recognized potential worldwide, it is

worth it to investigate the RHA available in Malaysia.

Therefore, the main aim of this present research is to

evaluate the potential of Malaysia’s RHA agricultural

waste utilization in ceramic bricks production. This

preliminary evaluation consisted of the determination

of physical and morphological properties of ceramic

with various contents of RHA and firing temperature.

The investigation on the mineralogical characteristics

by X-ray diffraction analysis also presented in this

research for more understanding of the phase changes

due to the addition of RHA and temperature. 

Materials and Method

Materials
The RHA is obtained from Syarikat Beras Bernas

Sdn Bhd (BERNAS), Penang, Malaysia as one of the

largest rice processing company in Malaysia. The RHA

is generated from incineration of rice husk for “local

white rice” in Malaysia. The received RHA was burned

at temperature 700 oC. In the meantime, China clay

was supplied from Kaolin (Malaysia) Sdn. Bhd, Selangor.

Then, the ceramic bricks with different contents of

RHA are prepared based on body formulation, as

shown in Table 1.

Methodology
At first, the RHA-based ceramic bricks production is

started with the addition of water into each body

formulation, as shown previously in Table 1 in order to

form a slurry solution. The mixture was mixed for 30

minutes. Then, the solution was poured into a mould

and dried in an oven overnight.

After the drying process, the solid material was

ground by using mortar to obtain finely powder form.

This followed with placing the powder inside steel die

for shaping purpose under the pressing process. During

the pressing process, the fine powder is compressed to

bind all the powder and form a single compact material

using a hydraulic press of 2000 psi pressure. Two

different sizes of the green body were prepared; 1 and

4 cm in diameter. 

The last step was thermally heated the green body at

different temperatures; 900, 950 and 1,000 oC. The

summary of this experimental step is shown in the

flowchart as shown in Fig. 1.

Characterizations and testing
The chemical composition of raw material in this

research such as clay and RHA was investigated by using

Bruker S2 Ranger X-ray Fluorescence spectrometer.

Then, the properties of fired RHA-based ceramic

bricks were tested. The values of firing shrinkage and

volumetric shrinkage were determined by ASTM D427

method. Meanwhile, water absorption, apparent porosity

and bulk density were determined according to ISO

10545-3:1995(E). 

In addition, X-ray diffraction (XRD) analysis performed

by Bruker D2 Phaser X-ray diffractometer and Diffrac.

EVA software to analyze the diffractogram patterns

also has been employed in the determination of ceramic

bricks patterns with different contents of RHA at different

heating temperatures. Finally, the microstructure and

morphology of the RHA-based ceramic surfaces are

investigated by Scanning Electron Microscope (SEM).

Fig. 1. Flowchart for utilization of RHA in ceramic brick
manufacturing.

Table 1. Body formulation of raw materials.

Sample 
Weight percentage (wt. %)

RHA China Clay

R00 0 100

R20 20 80

R40 40 60
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Results and Discussion

Chemical composition of raw materials
The chemical compositions of RHA and China clay

as determined via the XRF analysis are tabulated in

Table 2. It can be noticed that the major component of

RHA contains silicon oxide (SiO2), which is about

93.67%. In addition, the value of SiO2 is higher in

RHA than in China clay. This indicates that RHA has a

great potential to increase the strength of ceramic [24].

This can be related to the higher fluxing oxides content

contributes to the liquid phase formation thorough

eutectics that favour the sintering process [25]. Thus, it

can be expected that higher oxide, especially SiO2

content, improves the properties of brick.

Physical properties (Shrinkage, Water Absorption,
Apparent Porosity and Bulk Density)

The effects of different RHA contents and firing

temperatures on the linear shrinkage (%) of ceramic

with different green body sizes; 1 and 4 cm in diameter

is shown in Fig. 2(a) and (b), respectively. It is

noticeable that the linear shrinkage (%) value is kept

increasing with the content of RHA and firing

temperature for the sample with 4 cm in diameter (Fig.

2 (b)). Meanwhile, Fig. 2(a) showed a slight difference

for the linear shrinkage (%) values with the rising

amount of RHA and firing temperature for samples

with 1 cm in diameter. As a comparison, the linear

shrinkage (%) value is lower for 4 cm diameter samples

than 1 cm diameter sample. This observation can be

explained by higher thermal exposure in the green

body for smaller size samples than in bigger size. This

indicates that the size of the green body also influenced

the linear shrinkage (%) of ceramic.

Linear shrinkage or expansion behaviour is attributed

to the change in the linear dimension of the test

samples during heat treatment [3]. Overall, high firing

temperature causes high linear shrinkage in all of the

samples. Such behaviour could be associated with the

densification evolution, which decreases the surface

area of the product, reducing the porosity of the final

ceramic and thus increasing its linear shrinkage [25]. In

addition, shrinkage also occurs owing to evaporation of

the water between clay particles [26], which causes the

particles to move closer together [27].

Besides that, the other factor that can be noticed is

the increase the linear shrinkage (%) due to the

addition of RHA. Opposite observation is reported by

Loryuenyong et al. (2009) where they stated that the

reduction trend of linear shrinkage with the addition of

RHA indicates the effective behaviour of rice husks as

a shrinkage barrier [28]. The current result indicates

that RHA can promote clay sintering via unstable pore

formation, which enhanced the grains rearrangement.

These unstable pores collapsed due to densification process

that occurred at high temperature. This phenomenon can

be expected due to high sintering temperatures. It was

reported that shrinkage is influenced by clay sintering

and grain reorganization when the temperature is

higher than 950 oC [29]. It partially melts, resulting to

tighten up the interaction between the bonds and also

causing the ceramic to have rock-like characteristics

[30].

Fig. 3 represents a volumetric shrinkage (%) of

ceramics with different amount of weight percentage of

RHA which were fired at different temperatures. The

addition of RHA also caused the volumetric shrinkage

to increase at any firing temperature. As a comparison,

the sample with small dimension in Fig. 3(a) showed

higher volumetric shrinkage (%) than the bigger sample

Fig. 2. Linear shrinkage of ceramic with varies amount of RHA
and firing temperature for different green body sizes (a) 1, and (b)
4 cm in diameter.

Table 2. Chemical composition of raw materials.

Compound
Weight Percentage (wt.%)

China clay Rice Husk Ash

SiO2 57.63 93.67

Al2O3 37.77 1.45

Fe2O3 - 0.47

CaO 0.35 1.30

MgO 0.60 0.57

K2O 1.82 1.80

Na2O - 0.54

TiO 0.61 -

ZnO - 0.1

CuO - 0.1
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in Fig. 3(b). This again can be explained that small

samples are highly exposed to heat which greatly

increases the volumetric shrinkage of the sample. 

The volumetric shrinkage showed the highest values

at the highest temperature with the highest content of

RHA. This indicates that the addition of RHA also

influences the volumetric shrinkage in RHA-based

ceramic brick. This again can be explained due to the

combustible RHA at high temperature [24] and the

degradation is worsening at higher temperatures. 

The effect of varies amount of RHA and firing

temperature on water absorption (%) is shown in Fig.

4. The determination of water absorption is a crucial

factor which influencing the durability of clay bricks

because water can infiltrate bricks and decrease their

strength [27]. Lower quantities of water absorbed by

ceramics products result in greater durability and

resistance [25]. This making RHA as an alternative of

raw material for ceramic brick production. In addition,

at higher firing temperature, the water absorption is the

lowest. At higher temperature, the flowability of SiO2

is increased and also facilitate gas elimination to

promote densification [31]. In addition, high content of

RHA indicates a high content of SiO2, which consequently

responsible for low pore formation in the ceramic

bricks. 

The abovementioned results showed that the small

size of samples (1 cm in diameter) is greatly influenced

by heat, and the effect of RHA is neglected. Hence,

further discussion of the properties of ceramic with

varies amount of RHA and firing temperature has

proceeded with the sample size 4 cm in diameter only.

The other physical properties investigated in this

work are shown in Fig. 5(a) and (b) which represent

the apparent porosity and bulk density, respectively. It

can be distinguished that the apparent porosity decreased

with increasing RHA content in the body composition,

as shown in Fig. 5(a). Besides that, the increasing

firing temperature also decreased the value of apparent

porosity. The obtained results are related to the RHA,

which contains amorphous active silica. This type of

silica is responsible for diffusion reaction with other

grains while increasing the sintering temperature above

800 oC [3]. This reaction leads to the elimination of

pores and thus decreased the apparent porosity. This

result also consistent with the results obtained previously

Fig. 5. (a) Apparent porosity and (b) bulk density of ceramic with
different RHA contents and firing temperature.

Fig. 4. Water absorption of ceramic with different RHA content
and firing temperature.

Fig. 3. Volumetric shrinkage of ceramic with varies amount of
RHA and firing temperature for different green body sizes (a) 1,
and (b) 4 cm in diameter.
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where the addition of RHA increased the linear

shrinkage and volumetric shrinkage but decreased the

water adsorption.

In general, the apparent porosity is not only directly

proportional to the water absorption but also indirectly

proportional to the bulk density [27]. Interestingly, it

can be noticed in Fig. 5(b) where the bulk density is

not affected significantly by the proportion of RHA,

especially at high firing temperature. A work reported

by Janbuala and Wasanapiampong (2015) observed a

decrement of density with the addition of RHA. They

stated that the reduction in density is due to the

decomposition of RHA at 900 oC and high content of

RHA caused more degradation in the sample at the

same temperature [32]. Based on this theory, the bulk

density of RHA-based ceramics should be lower at

higher temperature and content of RHA. The result

obtained for 20 and 40 wt.% at a higher temperature

(950 oC and 1,000 oC) are fitted with this theory. This

indicates that the addition of RHA can produce light-

bricks at a higher temperature (≥ 950 oC).

Morphological property
The effect of different RHA content and firing

temperature on the morphological of ceramic is shown

in Fig. 6 under the same magnification (2500×). It can

be pointed out that Fig. 6(a) which represent R40 at

950 oC depicted a rough surface and larger pore as

compared to the other SEM images. This image

supported previous observation where the porosity of

RHA-based ceramic bricks is influenced by the RHA

content and firing temperature. For instance, the

porosity of RHA-based ceramic brick is the highest at

40 wt.% of RHA which is fired at 900 oC.

The surface of various RHA contents at 1,000 oC as

shown in Fig. 6(b-d) displayed rough surface but with

less porosity and relatively smoother with an appearance

of consolidated microstructure as compared to Fig.

6(a). This indicates that microstructure changed with

the addition of RHA content and firing temperature. 

The microstructure showed in Fig. 6(b-d) also supports

previous results in physical properties of RHA-based

ceramic bricks. In general, the decrement of water

adsorption and apparent porosity can be explained by

the presence of amorphous silica phase which caused

partial densification of the ceramic through a viscous

flow which fired at high temperature [33]. This

explanation can be supported later by XRD analysis

Fig. 6. SEM images of ceramic with different RHA content and firing temperature at 2500x magnification; (a) R40 at 950 oC, (b) R00 at
1,000 oC, (c) R20 at 1,000 oC, and (d) R40 at 1,000 oC.



Physical, morphological and mineralogical properties of ceramic brick incorporated with Malaysia’s RHA 205

which can detect the presence of amorphous of silica

(SiO2) and other mineralogy compositions. This indicates

that the replacement of China clay by RHA caused

liquid phase formation increased, resulting in less

formation of porosity because the pores are filled

during the firing. 

Mineralogical property
The phase presents in the raw clay materials, RHA

and the fired ceramic bricks with different RHA

compositions and firing temperature is analyzed by

XRD analysis. The XRD analysis allowed qualitatively

weighting conversion, and the Rietveld refinement

Fig. 7. XRD diffractogram of (a) China clay, (b) RHA, (c) R40 at 900 oC, (d) R40 at 950 oC and (e) R40 at 1,000 oC.
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permitted to assess the conversion quantitatively [34].

The diffractograms observed from XRD analysis for

selected RHA-based ceramic bricks are shown in Fig.

7.

Fig. 7(a) represent the diffractogram for the raw clay

material used in this work. The extracted data from the

diffractogram indicates that the crystallinity of the

China clay is 64.7%. From the XRD analysis, it was

observed that kaolinite (COD: 9014999) is the major

mineral found in China clay while mullite (COD:

9001567) is the minor mineral. The natural crystal

phase of China clay is quartz since it has a high

amount of silica and alumina content. This quartz will

transform into other crystal phases depending on the

temperature it is being treated.

The diffractogram of RHA is depicted in Fig. 7(b). It

is noticeable that an XRD single-phase amorphous of

SiO2 in RHA showed a diffused XRD peak with a

maximum at about 2ϴ = 21.8o [4]. A similar observation

is reported where XRD diffractogram revealed that

RHA is mainly constituted by amorphous silica [35]

with minor crystalline mineral of tridymite (COD:

9013390). Hence, this obtained data and literature-

based evidence supported that the received RHA from

the supplier is amorphous silica. In fact, silica in RHA

is amorphous form when fired at low temperature in

between 700 oC to 800 oC [36].

Then, crystallization of amorphous silica can occur at

a higher temperature. Chandrasekhar et al. [4] reported

that higher temperature caused the changes of amorphous

of silica into crystalline polymorphs such as α-cristobalite,

α-quartz and α-tridymite. There is also report that

stated the possibility of phase coincides giving a single

peak [5] due to the melting of the surface of ash silica

particles followed by the formation of bonding of

particle together [37, 38].

The difference between the amorphous and crystalline

phase is that the amorphous has a broad peak and a

wide angle of 2θ, while the crystalline phase has a pattern

and a sharp peak [39]. This phase is clearly shown in

Fig. 7(c-e) as compared to the amorphous phase in

RHA, as shown in Fig. 7(b) previously. In addition,

different XRD patterns as illustrated in Fig. 7(c-e) can

be observed due to the effect of firing temperature on

phase in the ceramic bricks. This indicated that the presence

of new phases occurred at a high firing temperature.

For instance, at low temperature (900 oC), the significant

presence of quartz and mullite can be observed in Fig.

7(c). Then, the phase changed where the presence of

cristobalite phase can be seen in Fig. 7(d). Different

phases are present in the ceramic but with the different

arrangement in their crystal structure. At higher

temperature (950 oC and 1,000 oC), the intensity peak

of quartz is reduced, mullite peak is constant but

increase for cristobalite peaks. Thus, this observation

can be asserted that different firing temperature is able

to influence the grain growth and also the crystallinity

in the RHA-based ceramic bricks. Consequently, the

physical properties (linear shrinkage, volumetric shrinkage

and porosity) as reported earlier decreased with RHA

content and firing temperature.

Conclusion

This preliminary conducted experiment regarding the

effect of rice husk ash (RHA) and firing temperature in

ceramic, particularly brick manufacturing properties is

reported. The following conclusion can be drawn based

on the obtained results:

a) The physical properties of the RHA-based ceramic

bricks such as linear shrinkage, volumetric shrinkage

and water absorption are decreased with the increment

content of RHA and firing temperature.

b) The decrement in physical properties can be

related to the presence of amorphous silica which

causes unstable pore formation and boost for grains

rearrangement which indicates that RHA is responsible

partially for densification in ceramic and thus reduced

the porosity. 

c) However, the bulk density showed lower at higher

RHA content and firing temperature, which can be related

to the combustible of RHA at a higher temperature.

d) This observation is supported by XRF and XRD

data which provided the composition and mineralogical

properties of samples. Both of analysis found the

presence of silica as mentioned previously and XRD

data proved for the phases changes that occurred at the

different firing temperature.

e) The sample with 20 wt.% of RHA and fired at

950 oC showed potential as ceramic bricks due to the

optimize differences in linear shrinkage, volumetric

shrinkage, water absorption and bulk density among

differing RHA contents at the same firing temperature.

f) These results suggest that the development of

RHA-based ceramic bricks is a promising recycling

method for low-cost and light-weight bricks production.

Further analysis of using RHA in ceramic bricks,

especially in thermal analysis need to be properly

evaluated.
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