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AbstractArticle Info

Importance of the work: Utilization of bio-waste-based construction materials is an 
effective route to create a more sustainable ecosystem.
Objectives: This research investigated fabricating lightweight cement blocks prepared 
from bio-wastes. Additionally, the bio-waste-based cement blocks were tailored to 
include antibacterial properties.
Materials & Methods: The synthetic cement-like material was prepared using a solution 
combustion technique, with cockleshells and rice husk ash as the key raw materials. Rice 
husk ash (20–60 wt%) was added to the cement-like material prior to casting. The density, 
compressive strength and antibacterial performance of the cement blocks were evaluated.
Results: It was found that increased rice husk ash suppressed the compressive strength. 
Nevertheless, the average density (1.004 g/cm3) and average compressive strength  
(3.65 MPa) of all cement blocks were in the acceptable ranges for industrial requirements 
based on recognized standards, specifically Thai Industrial Standards Institute Type 
C12 (TISI 2601-2556). Enhancement of the compressive strength by more than 10% 
could be achieved when jute fibers were added. A colony count method was used to 
determine antimicrobial performance of the lightweight cement blocks. Addition of the 
powder obtained from the cement blocks into the Petri plates containing Gram-positive 
Staphylococcus aureus and Gram-positive Bacillus cereus indicated successful reductions 
of more than 99% of Staphylococcus aureus and Bacillus cereus colonies.
Main finding: Cement-like material, which was successfully synthesized from bio-waste, 
was used in fabrication of jute fiber-reinforced eco-friendly lightweight cement blocks. In 
addition to acceptable density and compressive strength, the cement blocks demonstrated 
antibacterial performance. 
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Introduction 

 Elevated demand in cement production, which contributes 
35% of greenhouse gas emissions has resulted in an emerging 
trend globally for the utilization of environmental-friendly 
construction materials produced using sustainable and 
resource-efficient processes (Chakrabarty and Lekhwani, 
2016; Maddalena et al., 2018). Bio-waste and organic material 
residues, such as rice husk ash (RHA), bagasse ash, jute fiber, 
coconut husk, and cotton stalk and shells, have potential as 
raw materials in the production of green building materials 
(Madurwar et al., 2012; Kumar et al., 2016). Abundant waste 
streams, including the annual production of 230 million t of 
rice husk ash (RHA) and over 10 million t of aquaculture 
waste have led to environmental problems and pollution 
(Ansari and Chen, 1991; Yao et al., 2014; Soltani et al., 2015; 
Martinez-Garcia et al., 2017; Mo et al., 2018; Mosaberpanah 
et al., 2020). Hence, the reutilization of such waste reduces the 
detrimental effects associated with land-filling and alleviates 
pollution problems (Pappu et al., 2007; Madurwar et al., 2012). 
 It has been generally established that the main constituents  
of ordinary Portland cement (OPC) include Alite (C3S, 
3CaO·SiO2),  Belite (C2S, 2CaO·SiO2),  Celite (C3A, 
3CaO·Al2O3), and Felite (C4AF, 4CaO·Al2O3·Fe2O3). Raw 
materials containing high contents of silicon and calcium 
are desired to produce synthetic cement-like material with  
a chemical composition similar to OPC. Numerous studies have 
reported that RHA contains over 90 wt% of silica, implying that 
RHA is a suitable source of silica for cement production (Nehdi 
et al., 2003; Gastaldini et al., 2007; Korotkova et al., 2016). 
Shells provide another alternative waste material containing 
a high calcium content, including cockleshells, mussel shells, 
oyster shells and hen eggshells (Hart, 2020). It has been 
reported that cockleshells have similar properties to limestone, 
containing more than 95 wt% calcium oxide (Boey et al., 2012; 
Jongprateep et al., 2014; Nordin et al., 2015). Cement-like 
material can be synthesized from wastes by using robust and 
eco-friendly solution combustion techniques (Jongprateep  
et al., 2014).
 In addition to a high silica content, RHA can also function as 
a filler in construction materials. RHA is generally recognized as 
a pozzolanic material, which can react with calcium hydroxide 
Ca(OH)2 to form the calcium silicate hydrate (C-S-H) phase 
that is responsible for enhancing the compressive strength 
and durability of concrete (Chandrasekhar et al., 2006; Kumar 
et al., 2016). To further enhance the mechanical properties 
of concrete or cement blocks, natural fibers can be used as 

reinforcement, as the addition of 1.5 weight per volume percent 
(w/v%) of jute fiber improved the strength by 16% (Islam 
and Ahmed, 2018; Raval and Patel, 2018; Kesikidou and 
Stefanidou, 2019).
 Along with improvements in the processing and usage 
of eco-friendly cement-like material, additional cement 
block characteristics are desired that improve hygiene and 
sanitation. The long-term use of construction materials 
generally contributes to the accumulation of bacteria and fungi, 
which can cause be harmful to human health. The addition of 
effective antibacterial agents into the construction materials 
can help to eliminate bio-organisms and to reduce health 
problems associated with allergy and respiratory track diseases. 
The addition of titanium dioxide, a renowned photocatalyst 
which exhibits prominent oxidation processes to sterilize and 
decompose organic impurity in environment, can be a route 
to produce construction materials with antibacterial properties 
(Abdel-Messih et al., 2013; Sangchay and Kaewjang, 2016).
 The current study investigated the fabrication of bio-waste-
based lightweight cement blocks with antimicrobial properties, 
using synthetic cement-like material. The properties of density 
and compressive strength of the cement blocks were examined 
to confirm satisfactory usage for practical application.

Materials and Methods

Cement-like materials 

 Synthetic Alite (C3S, 3CaO·SiO2) and Belite (C2S, 
2CaO·SiO2) were prepared using the solution combustion 
technique based on calcium oxide (CaO) from cockleshells 
and silica (SiO2) from rice husk ash (RHA; DhebKaset 
Industrial Co., Ltd). Glycine (C2H5NO2, Daejung) was used as 
the combustion fuel during the synthesis process. The molar 
ratio of the raw materials and fuel (cockleshells:RHA:glycine) 
used in the preparation of the combusting solution was 
0.848:0.392:0.494.
 To produce Celite (C3A), cockleshells, aluminum nitrate 
nonahydrate (Al(NO3)3.9H2O; Daejung) and glycine (C2H5NO2; 
Daejung) were mixed at the molar ratio of cockleshells:aluminum 
nitrate:glycine equal to 0.717:2.774:0.554.
 Felite (C4AF) was synthesized by preparing an aqueous 
solution consisting of cockleshells, aluminum nitrate 
nonahydrate (Al[NO3]3.9H2O; Daejung), ferric oxide red 95% 
(Fe2O3; Lobachemie), and glycine (C2H5NO2, Daejung) with 
the molar ratio of 0.808:2.357:0.503:0.234, respectively.
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 The aqueous solutions containing the raw materials were 
diluted in deionized water to achieve 0.1 M concentration and 
subsequently heated at 400°C. Combustion reactions were 
generally initiated within 2 hr. The powders obtained from the 
combustion reactions were collected, ball-milled and calcined 
at 900°C for 3 hr.
 To obtain the cement-like material with a chemical 
composition similar to ordinary Portland cement (OPC), 
Alite (C3S) and Belite (C2S), Celite (C3A) and Felite (C4AF) 
obtained by solution combustion were mixed at a weight 
ratio of CS:C3A:C4AF equal to 0.75:0.13:0.09. To control the 
hardening rate of the cement paste during the casting, 3 wt% 
of gypsum was subsequently added to the mixture of C3S, C2S, 
C3A and C4AF.

Fabrication of lightweight cement blocks 

 Lightweight cement blocks were cast in 2.5 cm × 2.5 cm 
× 2.5 cm acrylic molds. The main components of the cement 
block were mixed using the cement-like material (20–40 wt%),  
OPC (20–40 wt%) and RHA (20–60 wt%). Anatase-phase 
titanium dioxide (TiO2) and aluminum powder with 1 wt% 
content were added to the mixture to enhance the antibacterial 
properties and to create a porous structure within the cement 
blocks, respectively.

 To improve the mechanical properties of the cement 
blocks, 1.5 (w/v%) of jute fibers were added as reinforcement.  
All components were mixed and cast at a water-to-binder 
ratio of 0.9:1. The cement blocks were cured for 7 d prior 
to autoclaving for 6 hr. The varying compositions of the 
lightweight cement blocks are listed in Table 1.

Characterization 

 Examination of the chemical composition of the cement-
like material was conducted using an X-ray diffractometer 
(X’Pert; Philips), measuring over 2θ ranging from 10 to 70°. 
The microstructures of raw materials (OPC, cement-like 
material, RHA) were examined using a scanning electron 
microscope (SU3500; Hitachi). The Image J software was used 
in the determination of particles sizes. The specific gravity 
values of the OPC, cement-like material, RHA and OPC/
RHA/cement-like material mixtures were determined using  
a pycnometric technique, according to Equation 1:

  (1)

 where m1 is the mass of the empty pycnometer, m2 is the 
mass of the pycnometer with solid powder, m3 is the mass of the 
pycnometer and cement filled with water and m4 is the mass of 
the pycnometer filled with water.

Table 1 Compositions of lightweight cement blocks with and without jute fiber

No. Component of 
lightweight cement block

Percentage of 
component by weight

Addition Water-to-
binder ratioTiO2 (Anatase) Al (Powder) Jute fiber (w/v%)

1 Cement 40 wt% 1 wt% 1 wt% 0
1.5 

0.9

Cement-like 40 wt%

Rice husk ash 20 wt%

2 Cement 35 wt% 1 wt% 1 wt% 0
1.5 

0.9

Cement-like 35 wt%

Rice husk ash 30 wt%

3 Cement 30 wt% 1 wt% 1 wt% 0 
1.5

0.9

Cement-like 30 wt%

Rice husk ash 40 wt%

4 Cement 25 wt% 1 wt% 1 wt% 0
1.5

0.9

Cement-like 25 wt%

Rice husk ash 50 wt%

5 Cement 20 wt% 1 wt% 1 wt% 0
1.5

0.9

Cement-like 20 wt%

Rice husk ash 60 wt%

w/v% = weight per volume percent
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 The tests related to setting time of cementitious materials 
were conducted following the ASTM C191 test procedure 
(ASTM C191-08, 2008). The cementitious mixtures used in 
the determination of the setting time were mixture No.1 and 
mixture No.5 that contained RHA for 20 wt% and 60 wt%, 
respectively.
 The compressive strength of the cement blocks (after curing  
for 7 days in water and then autoclaving for 6 hr) was determined 
using a universal testing machine (H50KS; Hounsfield).

Determination of antibacterial performance

 The antibacterial performance of the lightweight cement 
blocks was evaluated. The fiber-reinforced and unreinforced 
lightweight cement blocks with TiO2 were prepared in powder 
form for the test. The control experiment used the cement-
blocks without the addition of TiO2.
 Single colonies of Staphylococcus aureus strain 
(ATCC6538) and Bacillus cereus strain (BCC 6386) were 
separately prepared by streaking on culture medium agar plates 
containing tryptic soy agar (TSA) and incubating the agar 
plates overnight at 37°C. Subsequently, each prepared colony 
was mixed with tryptic soy broth and shaken overnight at 37°C. 
Saline was added to the incubated bacterial strains to obtain the 
diluted bacterial suspension of 1.5108 CFU/mL (0.5 McFarland 
turbidity standard). To prepare cement powders for the test, the 
cement powders (0.5 g) were mixed with TSA in another culture 
plate, which was subsequently heated at 121°C for 15 min. 
Then, 0.1 mL of the diluted bacterial suspension was painted on 
the surface of the TSA medium containing cement powder and 
incubated overnight at 37°C. The number of bacterial colonies 
were counted and used in further calculations.

Results and Discussion

Characteristics of raw materials 
 
 A scanning electron microscope was used to examine the 
morphology and particle sizes of the raw materials, as shown 
in Fig. 1. Image analysis of the micrographs revealed irregular 
shaped OPC and RHA particles with average sizes (± SD) of 
6.01 ± 4.53 µm and 4.44 ± 2.90 µm, respectively. The particles 
sizes obtained from this study were finer compared to those 
obtained by other studies, as shown in Table 2. Very fine 
particles were evident in the cement-like material; however, 
the particles clustered into larger agglomerates with an average 
size of 7.47 ± 5.45 µm.
 The average specific gravity values of OPC and RHA were 
3.23 and 2.07, respectively. The results obtained from this 
study were in the range comparable to those obtained by other 
researchers, as shown in Table 2. 

Table 2 Specific gravity and particles size of raw materials

Raw Material Property References

Deepa et al. (2013) Habeeb and Fayyadh 
(2009)

Chao-Lung et al. 
(2011)

This work
(mean ± SD) 

Cement Specific gravity 2.93 2.94 3.15 3.23 ± 0.02

Particle size (µm) - 22.1 - 6.01 ± 4.53

Rice husk ash Specific gravity 2.04 2.11 2.06 2.07 ± 0.02

Particle size (µm) 8–10 11.5–31.3 - 4.44 ± 2.90

Cement-like Specific gravity - - - 2.42 ± 0.01

Particle size (µm) - - - 7.47 ± 5.45

Fig. 1 Morphology of raw materials (A) ordinary Portland cement, (B) 
rice husk ash; (C) cement-like material
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Characteristics of cement-like materials

 It is generally accepted that the main constituents of OPC 
include Alite, Belite, Celite and Felite (Enríquez et al., 2020; 
Plank, 2020; Nari and Praneeth, 2021). To obtain cement-like 
material with a chemical composition similar to OPC, the 
synthesized Alite, Belite, Celite and Felite were mixed together. 
Phase identification of the synthetic cement-like material 
was examined using X-ray diffraction (XRD). As shown in  
Fig. 2, the XRD pattern of the synthesized cement-like powder 
indicated prominent peaks corresponding to Alite (Ca3SiO5, 
JCPDS card no. 00-031-0301), Belite (Ca2SiO4, JCPDS card 
no. 00-029-0369), Celite (Ca3Al2O6, JCPDS card no. 00-008-
0005) and Felite (Ca4Al2Fe2O10, JCPDS card no. 00-011-0124). 
Low intensity peaks were also observed representing calcium 
oxide (CaO, JCPDS card no. 01-077-2010), as the presence of 
calcium oxide in OPC is common (Amin et al., 2008 Rukzon 
and Chindaprasirt, 2008). Additionally, the results agreed with 
studies by Amin et al. (2008) and Jongprateep et al. (2014).

Characteristics of cementitious mixtures

 The cementitious mixtures consisting of various contents 
of OPC, RHA and cement-like material were tested for their 
specific gravity and setting time. The average values of specific 
gravity of all mixtures ranged from 2.35 to 2.61, as shown in 
Table 3. As the RHA content increased, the specific gravity 
decreased due to the low specific gravity of the RHA.

 The setting behavior were tested of the cementitious 
mixtures with compositions of 40 wt% OPC + 20 wt%  
RHA + 40 wt% cement-like material and 20 wt% OPC + 60 wt%  
RHA + 40 wt% cement-like material at a water-to-binder 
ratio of 0.9. There was a prolonged initial setting time of 
the cementitious mixtures with increasing RHA content.  
The mixture with 20 wt% RHA had a setting time of 7 hr  
and 30 min, whereas the setting time of the mixture containing 
60 wt% RHA was 13 hr and 45 min.

Table 3 Specific gravity values of cementitious mixtures

Material Component and percentage by weight Specific gravity (mean ± SD)

Mixture No.1

Cement 40 wt%

2.61 ± 0.01Cement-like 40 wt%

Rice husk ash 20 wt%

Mixture No.2

Cement 35 wt%

2.58 ± 0.01Cement-like 35 wt%

Rice husk ash 30 wt%

Mixture No.3

Cement 30 wt%

2.53 ± 0.01Cement-like 30 wt%

Rice husk ash 40 wt%

Mixture No.4

Cement 25 wt%

2.38 ± 0.02Cement-like 25 wt%

Rice husk ash 50 wt%

Mixture No.5

Cement 20 wt%

2.35 ± 0.01Cement-like 20 wt%

Rice husk ash 60 wt%

Fig. 2 XRD pattern of synthetic cement-like material
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 A higher water content is generally required for fine-
particle cementitious materials to achieve proper workability, 
since fine particles sizes lead to enhanced surface area that 
requires a greater water content (Givi et al., 2010; Fapohunda 
et al., 2017). With the high water content, the setting time  
of cement mixture increased (Stefanou and Larsinos, 1981).
 In the current study, the cementitious mixtures contained 
RHA and cement-like material with very fine particle sizes. 
Therefore, a high water-to-cement ratio was required to 
achieve workability. The higher the water content, the longer 
the setting time. In addition, RHA might have contributed to 
a low rate of hydration, which consequently resulted in a slow 
initial setting rate. A longer initial setting time was evident in 
the cementitious mixture containing a great amount of RHA. A 
similar trend (increasing the RHA content prolonging the initial 
setting time) was also observed by El-Dakroury and Gasser 
(2008) and Dabai et al. (2009). 

Characteristics and properties of lightweight cement blocks

 The fiber-reinforced lightweight cement blocks were 
prepared by casting the mixture containing synthetic cement-
like material, OPC, RHA, aluminum, titanium dioxide and jute 
fibers into 2.5 cm × 2.5 cm × 2.5 cm cubes. To ensure that the 
cement blocks were suitable for practical usage, their density 
and compressive strength were evaluated and compared with 
industrial standards.

Bulk density of eco-friendly lightweight cement blocks

 The effects of jute fiber and RHA addition on the density 
of the lightweight cement blocks are shown in Fig. 3. For the 
cement blocks containing natural jute fiber at 1.5 w/v%, the 
density values were in the range 0.91–1.14 g/cm3. Without 
the jute fiber, the bulk density was slightly lower in the range 
0.90–1.10 g/cm.3 Regardless of whether any jute fiber had been 
added, the density values of the cement blocks were within 
the standard range for Type C12 set by the Thai Industrial 
Standards Institute (TISI 2601-2556, TIS 2601, 2003), which 
requires a density lower than 1.20 g/cm3 for lightweight 
concrete. Fig. 3 also reveals that the density was less with 
incremental RHA content. This could be attributed to the lower 
specific gravity of the RHA (2.07) compared to that of OPC 
(3.23). The effects of RHA addition on the weight reduction 
of the concrete or cement blocks have been observed generally 
(Singh, 2018).

Compressive strength of eco-friendly lightweight cement blocks

 The effects of jute fiber and RHA addition on the 
compressive strength of the lightweight cement blocks are 
demonstrated in Fig. 4. The lightweight cement blocks without 
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compressive strength ranges were within the specified range 
of not lower than 2.50 MPa standard set by the Thai Industrial 
Standards Institute (TISI 2601-2556, TIS 2601, 2003) for 
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 In addition to enhancing the compressive strength, the jute 
fibers substantially improved the mechanical properties of 
the cement blocks in terms of the development of specimen 
integrity at maximum compressive strength. Reduction of 
flaking, surface peeling and spalling in the materials was 
clearly evident, as shown in Fig. 5. According to Kundu and 
Chakraborty (2018) and Kesikidou and Stefanidou (2019), 
disintegration of mortar without fiber reinforcement was 
commonly observed when the maximum load was applied. 
Using 1 cm long fibers randomly and uniformly dispersed 
in the cement matrix enhanced integral adhesion within the 
lightweight cement blocks due to the crack-bridging capacity 
of the jute fibers. As shown in Fig. 6, jute fibers can function 
as bridges, joining the cement matrix and maintaining the 
integrity of the materials.
 In addition to jute fiber addition, the RHA content 
significantly influenced the compressive stress of the cement 
blocks. The compressive strength of the cement blocks 
containing 20 wt% RHA was superior to those containing 60 
wt% RHA. In general, the appropriate content of RHA did 
not have an adverse effect on the compressive strength. This 
was attributed to the high silica content in the RHA, which 
is capable of initiating pozzolanic reactions in the cement, as 
shown in the following chemical reactions (2) and (3): 

 Ca2+ + 2(OH)- + SiO2 + 2H2O → C – S – H (2)

 Ca2+ + 2(OH)- + Al2O3 + 2H2O → C – A – H (3)

 However, an excessively high RHA content could result 
in diminished compressive strength due to insufficient cement 
content. It is generally accepted that cementitious materials also 
function as binder (Ahsan and Hossain, 2018; Ali et al., 2021). 
With a considerably high RHA content, low connectivity of the 
cement matrix was evident, resulting in diminished strength.

Antibacterial property of lightweight cement block 

 The lightweight cement blocks containing RHA of  
20 wt%, 30 wt%, 40 wt%, 50 wt% and 60 wt% with and without 
jute fiber reinforcement were tested for their antibacterial 
performance. All the cement blocks (except for the control) 
contained 1 wt% of anatase phase TiO2 with an average particle 
size smaller than 20 nm (Jongprateep et al., 2018). Two types 
of bacteria were used for the colony count test (Gram-positive 
Staphylococcus aureus and Gram-positive Bacillus cereus).
 TiO2 is  used ubiquitously as a photocatalyst  in 
applications, such as sensors and solar cells (Tang et al., 
1995; Karunagaran et al., 2007; Subramaniam et al., 2017; 
Akila et al., 2019). Wastewater treatment and disinfection 
are among prominent applications of TiO2. Fig. 7 illustrates 
some key mechanisms related to antibacterial activities 
that are attributed to the inhibition of cell wall synthesis,  
the inhibition of nucleic acid (RNA/DNA) synthesis, the 
inhibition of vital enzyme synthesis and damage to the 
membrane and cell wall, as well as disruption of microbial 
respiration (Erdem et al., 2015). It has been reported that 
significant reductions occur in microbial activities related to 
DNA, protein and enzyme synthesis in bacteria in contact with 
TiO2 (Liou and Chang, 2012; Erdem et al., 2015).

Fig. 5 Photograph of cement block subjected to applied maximum load: 
(A) with 1.5% weight per volume of jute fiber; (B) without jute fiber

Fig. 6 Scanning electron micrographs showing crack bridging in fiber-
reinforced lightweight cement blocks under maximum compressive stress

Fig. 7 Schematic representation of some key mechanisms related  
to bacterial inactivation
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the microbe
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 The photocatalytic activities of the TiO2 are credited  
as one of the key attributes to antimicrobial performance,  
as exposure of TiO2 to ultraviolet radiation leads to the 
generation of light-induced electrons and holes, which react 
with oxygen and water and lead to the production of reactive 
oxidizing species (ROS), as shown in the schematic in  
Fig. 8 (Herrmann, 1999). The ROS effectively degrade 
inorganic substances and efficiently inhibit bacterial growth 
by destroying the proteins of the outer layer cells of bacteria 
(Azizi-Lalabadi et al., 2019). 
 In addition to damaging the bacterial outer layer cells, 
nanoparticulate metal oxides are reported to prevent bacterial 
duplication and to inhibit the synthesis of vital metabolic 
enzymes in bacteria, leading to microbial inactivation (Holt 
and Bard, 2005; Heinlaan et al., 2008; Azizi-Lalabadi et al., 
2019).
 S. aureus and B. cereus are Gram-positive pathogenic 
bacteria. S. aureus generally causes skin infection and food 
poisoning in humans and in some severe cases, multiple 
exotoxins may occur, leading to critical effects such as shock, 
organ failure and death (Dinges et al., 2000; Bottone, 2010). 
It has been reported that diarrheal syndrome and chronic skin 
infection can be triggered by B. cereus (Prod'hom and Bille, 
2010; Sangchay and Kaewjang, 2016).

Effect of TiO2 on Staphylococcus aureus
 
 The effects of the TiO2-added lightweight cement blocks 
on suppressing the growth of S. aureus were evaluated based 
on the colony counting method. The powders were tested of 
lightweight cement blocks containing rice husk ash (20 wt%, 
30 wt%, 40 wt%, 50 wt% and 60 wt%) and 1 wt% of TiO2 
(anatase), with and without jute fiber reinforcement.
 A macroscopic image of S. aureus in a Petri plate without 
the addition of cement powder (Fig. 9A) reveals large quantities 
of S. aureus colonies, whereas the microscopic image of  
S. aureus (Fig. 9B) presents a round-shaped bacterium.
 For the control plate, S. aureus was cultured in the presence 
of cement powder without the addition of TiO2. A macroscopic 
image of S. aureus in the control Petri plate (Fig. 10) still shows 
a number of S. aureus colonies. Nevertheless, the numbers of 
Gram-positive S. aureus colonies were reduced.
 As powder from the TiO2-added lightweight cement blocks 
was added, it was apparent that Gram-positive S. aureus 
colonies were reduced to a substantial degree. No bacterial 
colony was observed in all the formulations tested, as shown in 
Figs. 11 and 12.

Fig. 8 Schematic representation of photocatalytic activities

Fig. 9 (A) Macroscopic image of Staphylococcus aureus; (B) microscopic 
image of Staphylococcus aureus without added cement powder

Fig. 10 Macroscopic image of Staphylococcus aureus in presence of 
cement powder without TiO2 addition

Effect of TiO2 on Bacillus cereus

 In the absence of cement powder, the Petri plates containing 
B. cereus (Fig. 13A) revealed bacterial colonies with sizes 
slightly larger than those for S. aureus. The microscopic image 
of B. cereus (Fig. 13B) shows a rod-shaped bacterium.
 The results regarding the effects of TiO2-added lightweight 
cement blocks on the formation of B. cereus colonies are 
demonstrated in Figs. 14 and 15. Regardless of whether the 
jute fibers were used, all lightweight cement blocks containing 
TiO2 exhibited excellent antimicrobial performance. No Gram-
positive B. cereus colonies were observed in the presence of 
powder from the lightweight cement block added with TiO2.
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Fig. 14 Antibacterial performance tested using Bacillus cereus  
of lightweight cement blocks containing with 1wt% TiO2 and rice husk  
ash at: (A) 20 wt%; (B) 30 wt%; (C) 40 wt%; (D) 50 wt%; (E) 60 wt%

Fig. 11 Antibacterial performance tested using Staphylococcus aureus of 
lightweight cement blocks containing 1 wt% of TiO2 and rice husk ash at: 
(A) 20 wt%; (B) 30 wt%; (C) 40 wt%; (D) 50 wt%; (E) 60 wt%

Fig. 12 Antibacterial performance tested using Staphylococcus aureus  
of jute fiber-reinforced lightweight cement blocks containing with  
1wt% of TiO2 and rice husk ash at: (A) 20 wt%; (B) 30 wt%; (C) 40 wt%;  
(D) 50 wt%; (E) 60 wt%

Fig. 13 Macroscopic image: (A) Bacillus cereus control plate;  
(B) microscopic image of Bacillus cereus using an optical microscope  
in absence of cement powder

Conclusion

 This study demonstrated the potential utilization of 
bio-waste in the fabrication of lightweight cement blocks. 
Cockleshells and RHA were used as the main raw materials 
in the production of cement-like material consisting of Alite 
(3CaO·SiO2), Belite (2CaO·SiO2), Celite (3CaO·Al2O3), 
and Felite (4CaO·Al2O3·Fe2O3). In addition, rice husk ash 
was utilized as filler in the lightweight cement blocks.  
The lightweight cement blocks containing rice husk ash  

Fig. 15 Antibacterial performance tested using Bacillus cereus of jute 
fiber-reinforced lightweight cement blocks containing with rice husk at: 
(A) 20 wt%; (B) 30 wt%; (C) 40 wt%; (D) 50 wt%; (E) 60 wt% 



54 L. Chandeng et al. / Agr. Nat. Resour. 56 (2022) 45–56

(20–60 wt%), synthetic cement-like material (20–40 wt%), 
OPC (20–40 wt%) and TiO2 (1 wt%) had compressive  
strengths and bulk densities in the acceptable ranges  
based on the Thai Industrial Standards Institute Type C12  
(TISI 2601-2556) and the American Concrete Institute  
(ACI 213, 2001). The lowest content of rice husk ash  
(20 wt%) produced the maximum compressive strength  
and density of 4.90 MPa and 1.14 g/cm3, respectively.  
Further strength enhancement, as well as elimination of 
material disintegration at high applied load, were achieved 
when jute fibers were used as reinforcement. The antimicrobial 
performance of all the lightweight cement blocks was  
confirmed by the total elimination of Staphylococcus  
aureus and Bacillus cereus.
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