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Abstract

Masonry units (i.e., bricks or earth blocks) made 
from agro and demoliti on waste have become 
popular day-by-day as a sustainable soluti on for 
environmental polluti on. At the same ti me, such 
developments are also proposed as “adsorpti ve 
units” to treat heavy metals and organic dyes in 
industrial effl  uent streams. In this regard, a brick 
made from rice husk ash/cement/clay brick waste 
has been proposed to serve as both a masonry and 
adsorpti ve unit with a compressive strength of 3.61 
MPa and 51% water absorpti on, which is suitable for 
non-load-bearing applicati ons and can eff ecti vely 
adsorb common pollutants in wastewater (i.e. Pb(II), 
Hg(II), As(V)).  However, the reported adsorpti on and 
mechanical properti es have not been linked with the 
brick’s microstructure and surface characteristi cs. 
Thus, an in-depth understanding of the brick’s 
performance is unclear. In this regard, the present 
study uti lizes Scanning Electron Microscopy (SEM) 
and Fourier Transformati on Infrared Spectroscopy 
(FTIR) techniques to investi gate the above. As per 
study outcomes, a pozzolanic reacti on is evident in 
the brick through SEM and FTIR analyses.  The phases 
portlandite, ett ringite and calcium hydroxide phases 
are visible in the brick aft er 28 days of development, 
and the brick’s physical properti es (water absorbency 
and compressive strength) can be correlated with 
C-S-H and C-A-H phases. Based on FTIR studies, it is 

evident that acti ve groups (O-H and C-S-H) exist on 
the brick’s surface to assist the adsorpti on of Hg (II), 
Pb(II) and As(V) adsorbates. 
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Introducti on

Miti gati ng environmental polluti on has been a 
growing research area nowadays. In this regard, a 
substanti al eff ort has been taken to reduce heavy 
metal and toxic organic dye concentrati ons in 
industrial wastewater streams by using abundant, 
but eff ecti ve adsorbents such as peanut shells, rice 
husk ash, rice straw, cassava starch, brick waste etc 
(Foong et al., 2022; Mokokwe & Letshwenyo, 2022a, 
2022b; Tejedor et al., 2020). As these adsorbents 
are applied as aggregates or powder forms on 
respecti ve adsorpti on areas, handling the adsorpti on 
process becomes ti resome. Thereby, the need for an 
“adsorpti ve unit” which can be conveniently used for 
adsorpti on purposes is criti cal. 

Another sustainable use of agricultural, industrial 
sludge and constructi on waste is masonry units 
(i.e., earth blocks or bricks), that can be used in the 
constructi on industry. Here, suitable materials such 
as rice husk, rice husk ash, coconut shells, peanut 
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shells, clay brick waste, and rice straw are blended 
with clay and/or cement for developing masonry units 
(Erdogmus et al., 2021; Rajapaksha & Wijerathne, 
2022). Most of these masonry units usually meet 
internati onal standards such as ASTM C129 and C90 
for load or non-load-bearing walls. However, there 
existed a criti cal need to develop a masonry unit 
by using the aforementi oned waste, which is also 
capable of acti ng as an “adsorpti ve unit”, to bett er 
serve nature. 

 In this context, a novel brick was proposed recently, 
which is made of rice husk ash, clay brick waste and 
cement. This brick has 3.61 MPa compressive strength 
and 51% (w/w) water absorpti on (Rajapaksha & 
Wijerathne, 2021). Furthermore, it is capable of 
using as an “adsorpti ve unit” to treat wastewater 
streams with Pb (II), Hg(II), As(V) ions and Malachite 
Green (MG) dye with a signifi cant removal effi  ciency 
(i.e. 98% for Pb(II), 78% for Hg(II), 22% for As(V) 
and 99% for Malachaite Green)  (Rajapaksha et al., 
2022). In the reported studies, the opti mum material 
compositi on for making the aforementi oned brick and 
its adsorpti on characteristi cs have been investi gated 
(Rajapaksha & Wijerathne, 2021; Rajapaksha et al., 
2022). However, to date, its mechanical properti es 
have not been correlated with the microstructure. 
Also, its adsorpti on characteristi cs have not been 
correlated with a surface analysis technique such 
as FTIR.  Therefore, a criti cal research gap lies in 
investi gati ng how physicochemical properti es (i.e., 
water absorbency, compressive strength, adsorpti on 
characteristi cs) of such a brick can be correlated with 
its microstructure and surface properti es, which is 
essenti al in assessing and opti mizing its applicati ons 
in masonry and wastewater treatment. This research 
gap will be addressed by this work. 

In this manuscript, we fi rst briefl y discuss the 
methodology of brick development and how the 
characterizati on experiments have been conducted. 
Here, Scanning Electron Microscopy (SEM) studies and 
FTIR analyses are focused as the key characterizati on 
experiments in this study. The key results will be 
presented and discussed next, which will be followed 

by the conclusions of this study. The areas of future 
research will be presented fi nally, to sum up.  

Methods

2.1 Development of the brick 

The brick was made by using rice husk ash (RHA), 
clay brick waste (CBW), cement and water. During 
its constructi on, fi ve raw material compositi ons 
were used to select the opti mum mixing rati o (by 
volume) among materials. Accordingly, the volume 
rati o among cement: CBW: RHA: water content 
was used as 2:2:4:1, 2:2:6:1, 2:2:8:1, 2:3:6:1 and 
1:3:6:1. Each brick was allowed to sett le in a wooden 
mould (dimensions: 7×5×3 cm) for about 12 h at 
atmospheric conditi ons, and they were dried for 10 
h in the open air aft er sett ling. As detailed in our 
previous work (Rajapaksha & Wijerathne, 2021), the 
opti mum mixing rati o was chosen by considering the 
porosity, water absorbency, compressive strength 
and the ability to remove the brick from the mould. 
Accordingly, the opti mum mixing rati o for cement: 
CBW: RHA: water was chosen as 2:3:6:1. For this 
brick, water absorbency and 28-d compressive 
strength were measured as 51% and 3.61 MPa, 
respecti vely (Rajapaksha et al., 2022). To further 
assess the opti mized brick’s performance, the 
adsorpti on studies were conducted for the brick with 
this opti mum mixing rati o for Pb (II), As(V) and Hg (II).

2.2 Scanning Electron Microscopy (SEM) and Fourier 
Transform Infrared Spectroscopy (FTIR) analysis

A part of the brick’s cross-secti on was taken, and 
it was mounted on the stub using double-sided 
adhesive carbon tape. Then the specimen was gold-
coated by (JEOL auto fi ne coater model JFS -1600) and 
micrographs were recorded using a Scanning Electron 
Microscope (ZEISS, EVO LS15). The FTIR spectra 
for rice husk ash, clay brick waste, cement and the 
untreated (or un-adsorbed) brick were obtained using 
a Fourier Transform Infrared Spectrophotometer 
(FTIR) (Model: Bruker Alpha) in the range of 400 
to 4000 cm-1 using the att enuated total refl ectance 
(ATR) mode. At the end of adsorpti on, the FTIR graphs 
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were also obtained for each adsorbate (i.e., Pb (II), 
Hg (II) and As(V)) and here, the brick was fi rst dried 
and then its surface was scratched to get a powdered 
sample for FTIR analysis.

Resuls & Discussion

3.1 Analysis of the brick’s microstructure

Figure 1 qualitati vely depicts the phases present in 
the microstructure of the brick made of cement, RHA, 
CBW and water aft er 28 days of its development (i.e., 
curing ti me). 

Figure 1: Scanning electron microscopy image 
for untreated brick  

Accordingly, Portlandite (CH or Ca (OH)2) appears 
as plates and Ett ringite (E or Ca6 Al2(SO4)3 
(OH)12.26H2O) appears as needle-like crystals 
(Hamzah et al., 2022). Calcium Silica Hydroxide 
(C-S-H), which resembles a sponge-like structure, is 
also observed (Hamzah et al., 2022). To this end, C-S-H 
could form at the initi al stages of hydrati on and/or as 
a result of a pozzolanic reacti on. However, an SEM 
coupled with EDX or an FTIR is required to confi rm 
the origin of C-S-H in this context. Furthermore, the 
existence of Ett ringite, Portlandite and Calcium Silica 
Hydroxide at the end of 28 days is also reported for 
bricks made of OPC cement (Yun et al., 2019), which 
aligns with the current fi nding.  

3.2 Relati onship between brick’s microstructure and 
physical properti es

Table 1 compares the water absorbency and 
compressible strength values of diff erent bricks 
chosen from the literature with this work. To obtain 

further insights, we also included the results obtained 
by using an RHA-free brick (i.e. 0%).

Table 1. Water absorpti on and compressive strength 
of diff erent brick samples (RHA: Rice husk ash, CBW- 
Clay brick waste)

Brick compo-
siti on 
(weight %)

Compressive 
strength 
(MPa)

Water 
absorp-
ti on (%)

Ref.

8% RHA + 
56% CBW + 
cement 

3.61
(28d 
strength)

51.0

This work 
0% RHA + 
51% CBW + 
cement

3.61
(28d 
strength)

20.0

10% RHA + 
clay (fi red)

4.45 15.56 (Mohan et al., 
2012)

10% RHA + 
clay (fi red)

1.81 27

(Perera et al., 
2015)

4% RHA + clay 
(fi red)

3.55 19.51

0% RHA + clay 
(fi red)

2.68 21

10% RHA + 
cement + 
aggregates

3.93±0.12 
(14d 
strength)

NA

(Tram, 2017)
0% RHA + 
cement + 
aggregates

4.97±0.31 
(14d 
strength)

NA

10% RHA + 
lime + cement 
(weight % is 
given with 
respect to 
cement) 

3.47
(28d 
strength)

19.896

(Pushpaku-
mara & De 
Silva, 2012)

10% RHA + 
lime + cement 

4.94
(28d 
strength)

NA

Commercial 
clay brick 
(100% clay)

2.7 NA (Fernando, 
2017)

Accordingly, the RHA/CBW/Cement brick shows a 
water absorbency of 51%, which is about 30% lower 
when the brick is made without RHA. Thereby, RHA 
may contribute to higher water absorpti on, which 
could be due to its high porosity (Fernando, 2017; 
Hwang & Huynh, 2015b). However, the corresponding 
water absorbency values do not vary much for clay/
RHA bricks with 0%, 4% and 10% of RHA (see Table 1). 
Now, due to the reacti on between Al2O3 in CBW with 
lime in cement, calcium aluminate hydrate (C-A-H) 
can also form. As C-S-H and C-A-H gels demonstrate 
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water absorpti on potenti al (Maierhofer et al., 2010), 
the aforementi oned increase in water absorbency 
may take place in bricks when RHA and CBW are used 
with cement. 

 It is known that the porosity, pore size and type of 
crystallizati on govern the compressive strength of a 
brick (Fernando, 2017). By referring to Table 1, the 
compressive strength of commercial pure clay brick is 
around 2.7 MPa, and some works reported a similar 
value during experiments for fi red clay brick. Possibly 
due to the additi onal cement content, the developed 
brick possesses a higher strength compared to 100% 
clay brick (i.e., 3.61 MPa). As per the literature, 
the compression strength usually decreases with 
the RHA content due to the high porosity of RHA 
(Hwang & Huynh, 2015a). For fi red clay/RHA bricks, 
recrystallizati on of the RHA structure during sintering 
also leads to a decrease in compressive strength 
(Fernando, 2017; Perera et al., 2015). However, in 
this work, where fi ring was not used, the compressive 
strength remained the same even aft er RHA was 
added. To this end, the compressive strength was 
reported as increasing with the curing ti me, and 
the rate of increase is higher in RHA mixed cement 
concrete, compared to 0% RHA samples (Ett u et al., 
2013). They correlated this observati on with the 
formed C-S-H gel that can increase binder effi  ciency. 

As per Figure 1, the formati on of the C-S-H gel is 
evident in the developed brick. Moreover, as RHA also 
gives pozzolans to the brick in the form of SiO2, the 
amount of C-S-H formed should be high compared 
to a clay/RHA brick. Furthermore, the C-A-H gel also 
increases binder effi  ciency. The overall formati on 
of C-S-H and C-A-H may lead to compensati on for 
the strength reducti on due to the porosity of RHA. 
However, further research is required to uncover the 
key player(s) herein.

 3.3 Fourier transform infrared spectroscopy (FTIR) 
analyses of raw materials and untreated brick

Figure 2 shows the FTIR graphs obtained for rice husk 
ash (RHA), clay brick waste (CBW), OPC cement and 
the developed brick. 

Figure 2: FTIR graphs for cement, rice husk ash 
(RHA), clay brick waste (CBW) and untreated 
brick.  

Accordingly, for RHA, the peak around 794 cm-1 
is possibly due to the vibrati on of symmetrical 
stretching of the Si-O-Si bond, while the intense 
absorpti on around 1056 cm-1 corresponds to the 
stretching of asymmetric Si-O-Si bonds (Nascimento, 
2020). However, the broad peak around 3400 cm-1 
is not visible in this RHA sample (corresponds to 
adsorbed water), which could be due to the drying of 
the sample before analysis. 

Furthermore, the stretching of Si-O and Al-O-Si bonds 
is evident in clay brick waste through peaks around 
1029 cm-1 and 523 cm-1 (Govindasamya et al., 2019). 
Considering OPC cement, the in-plane-bending and 
asymmetric stretching of C-O bonds in CO3

2- is evident 
through peaks at 1420 cm-1 and 875 cm-1, while the 
symmetric stretching of Si-O bonds in the Ett ringite 
phase corresponds to peak at 1116 cm-1 (Tararushkin 
et al., 2020). The out-of-plane bending vibrati on of 
Si-O bonds corresponds to the sharp peak at 520 cm-1 



86

(Tararushkin et al., 2020). For the developed brick, 
new peaks are observed at 3438 cm-1, 1643 cm-1 and 
710 cm-1. The peak at 875 cm-1 remains the same 
while making it sharper. 

 The broad peak at 3438 cm-1 can be att ributed to 
the symmetric stretching of water molecules on 
the brick’s surface (Sivakumar & Ravibaskar, 2009). 
The peak at 710 cm-1 can be ascribed to the out-of-
plane bonding of C-O bonds in CO3

2-. In additi on, the 
stretching vibrati on of Al-O bonds can be correlated 
with the peaks in the 600 – 700 cm-1 region (Jose 
et al., 2020). The new peak observed at 1643 cm-1 
can be att ributed to the bending vibrati on of O-H 
groups (Jose et al., 2020). The research reports the 
existence of Ca (OH)2 through a sharp peak around 
3628 -3634 cm-1  (Horgnies et al., 2013; Jose et al., 
2020). This peak is not profound for the developed 
brick but can be observed in the shoulder region. A 
prominent peak observed for the Ett ringite phase 
in OPC cement (as a raw material) is also visible in 
the shoulder region (dashed line). Moreover, the 
peak at 1035 cm-1 can be att ributed to the C-S-H that 
formed due to pozzolanic reacti ons (Jose et al., 2020; 
Sumesh et al., 2019). Thereby, it is evident that CBW 
and/or rice husk ash acted as pozzolanic material(s) 
in corresponding reacti ons.

3.4 Fourier transform infrared spectroscopy 
(FTIR) analyses of treated brick with diff erent 
adsorbates

As per Figure 3, which shows the FTIR graphs 
obtained for the untreated brick and treated bricks, 
a broad peak (corresponding to the stretching of 
the O-H bond) around 3383 cm-1 for the untreated 
brick, shift s to 3387 3385 and 3385 cm-1 for Pb(II), 
Hg(II) and As(V), respecti vely. However, the intensity 
of the peak is very insignifi cant for As(V), and the 
peak shift  can be considered as litt le. A similar minor 
shift  is observed for the peaks assigned to in-plane 
and out-of-plane bending of C-O bonds in CO3

2- (1410 
cm-1 and 712 cm-1) for all adsorbates. Furthermore, 
no peak shift  is observed for asymmetric stretching 
of C-O bonds (873 cm-1). 

Figure 3:  FTIR graphs obtained for the brick for 
the contact with diff erent adsorbates

However, the shift  of the O-H bending peak (1640 
cm-1) for all adsorbates is signifi cant. In fact, the peak 
intensity is fewer for As(V) indicati ng the signifi cant 
reducti on of O-H groups on the brick’s surface aft er 
adsorpti on. In additi on, the peak corresponding 
to C-S-H signifi cantly shift s to wave numbers 1035 
and 996 cm-1, indicati ng a higher contributi on to 
the adsorpti on process. To this end, a recent study 
reports possible electrostati c interacti ons between 
C-S-H gel and ions during adsorpti on (Zhang et al., 
2022).  

As per the peak shift s observed in the FTIR graph, 
it is evident that the adsorbent (i.e., brick) has 
acti ve sites on its surface (i.e. O-H and C-S-H) that 
can facilitate ion adsorpti on. Furthermore, the 
contributi on of Si-O-Si, Si-O, CO and C-O groups 
to adsorpti on is negligible, which contradicts the 
reported adsorpti on sites of Hg (II) and/or Pb(II) in 
similar adsorbents (without cement). Nevertheless, 
the As(V) adsorpti on is found to be aff ected by O-H 
groups on the adsorbent surface (Zeng et al., 2020). 
Furthermore, as the adsorpti on study was conducted 
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on the surface of the brick, more studies are required 
to investi gate the adsorpti on phenomenon in the 
brick’s interior to obtain further insights. 

Conclusions

This work focuses on the surface level and 
microstructural characterizati on of a novel brick 
made from rice husk ash/cement/clay brick waste. As 
per study outcomes, a pozzolanic reacti on is evident 
in the brick.  The phases portlandite, ett ringite and 
calcium hydroxide are visible in the brick aft er 28 days 
of development, and the brick’s physical properti es 
(water absorbency and compressive strength) can 
be correlated with the existence of C-S-H and C-A-H 
phases. As per FTIR studies, it is evident that acti ve 
groups (-OH and C-S-H) exist on the brick’s surface 
to assist the adsorpti on of Hg(II), Pb(II) and As(V) 
adsorbates. 
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