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Abstract— We propose a composite brick made of rice husk 

ash, brick waste and cement for convenient application of the 

adsorbent and removal (after the adsorption is completed).  

Four commonly found adsorbates in industrial wastewater 

effluents (i.e., Pb(II), As(V), Hg(II) and Malachite green dye 

(MG)) were selected and the adsorption studies were conducted 

at 25°C. Results indicate that the brick is capable of removing 

98.86%, 78.36%, 22.20% and 99.98% of Pb(II), As(V), Hg(II) 

and MG, respectively. These values are close to individual 

removal percentages by rice husk ash and clay brick and clay 

brick waste. The equilibrium loading follows the order Pb(II) > 

As(V) > MG ≈ Hg(II). Further, Pb(II), As(V) and MG follow 

the pseudo second order kinetics and the film diffusion becomes 

the rate-limiting step. The strength of the adsorption bond 

follows the order Pb(II) > As(V) > MG and the adsorption rate 

decreases according to MG > As(V) > Pb(II) order. Considering 

its adsorption efficiency and effectiveness, the proposed brick 

can be identified as an efficient, effective and convenient 

solution to treat industrial wastewater streams. 
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I. INTRODUCTION  

In most industrial applications, the effluent water 
streams contain numerous organic and inorganic materials. 
Out of these, especially, heavy metals and dyes are non-
degradable and could be toxic for living organisms. Thus, it 
is vital to treat wastewater before releasing it into the natural 
resources. Out of popular wastewater treatment processes 
including precipitation, sedimentation and filtration,  
adsorption can be identified as a simple, low-cost and 
effective wastewater treatment method to remove heavy 
metals/dyes [1]. Although activated carbon is widely used as 
an adsorbent, commercially available activated carbon is 
usually expensive. Thus, researchers have been working on 
natural, low-cost, but efficient adsorbents to treat wastewater. 
Some alternatives include cashew nutshells, rice husk, rice 
husk ash, and orange peels that can remove most heavy 
metals (i.e. As(V), Cd(II), Cr(VI), Pb(II), Hg(II)) and organic 
dyes (i.e. Methylene blue, Malachite green, Rhodamine B) 
[2-4]. Out of these, rice husk and ash have proven more 
efficient as adsorbents and are widely available in wastewater 
treatment [5, 6]. Apart from these materials, studies also 
prove that clay brick and clay brick waste perform well in 
adsorbing most organic dyes [7, 8]. 

In the reported works, the adsorbates such as rice husk 
ash and clay brick waste are used in powder or coarse 
aggregate form and the experiments are carried out mostly in 
columns (i.e., laboratory scale) (see [7, 9]). However, when 
treating large wastewater effluent streams, it is convenient to 
have ‘adsorption units’ that can be applied and removed 
easily (after treatment). Especially for industrial areas, such 
units may be advantageous for building structures that can 
also treat wastewater before releasing it into the environment. 
In this context, no work has been reported on developing an 
“adsorption unit” or simply a “brick”, even though several 
works report the development of bricks from rice husk ash 
etc. purely for construction purposes. This research aims to 
address the said research gap by developing a brick to adsorb 
common pollutants found in wastewater streams. For this 
purpose, an already developed rice husk ash/clay brick 
waste/cement brick presented in a previous work of authors 
[10], is used. 

  
This article has been organized such that the 

methodology of making the brick and performing the 
adsorption is described first. The next section discusses the 
performance of the brick on selected adsorbents. Here, we 
selected Pb(II), Hg(II), As(V) and Malachite green (MG) dye 
by considering their greater presence in most industrial 
effluent systems. The mechanisms of adsorption will be 
detailed afterwards, which is followed by the conclusion and 
recommendations for future studies. 

II. EXPERIMENT 

A. Materials and equipment 

The composite brick was made by using untreated rice 
husk ash (RHA), clay brick waste (CBW) and ordinary 
Portland cement (OPC). Here, RHA was collected from a 
local rice mill located in Keenawala, while CBW was 
collected from several locations near Keenawala and Badulla, 
Sri Lanka. OPC was purchased from the local market. It 
should be noted that the material collection and processing 
were done in Sri Lanka. During the processing stage, RHA 
was first sieved to remove unburnt rice husk residues which 
may have added up during the burning process. CBW was 
physically cleaned to remove mud and dust particles and then 
crushed into small aggregates. The particle sizes of the above 
solid raw materials were in the range of 63 - 500 μm. In this 
study, a composite brick was first made by differing mixing 
ratios for materials (i.e., CBW, RHA, cement and water). 



After selecting the optimum mixing ratio among the materials 
(see Section B), the adsorption studies were conducted by 
using solutions made from analytical grade chemicals of 
Pb(NO3)2 (99% w/w, (Techno Pharmchem, India), 
Na2HAsO4.7H2O (98% w/w, Research-LAB FINE CHEM 
Industries) HgCl2 (99.5% w/w, Daejung Chemicals & Metals 
Co. Ltd) and Malachite green (Sisco research laboratories Pvt. 
Ltd, India). The list of equipment used in composite brick 
making and characterization of the adoption processes are 
described in detail in the following section.  

B. Determining the optimum mixing ratio for the composite 

brick 

Five materials compositions were used to select the 
optimum mixing ratio among materials. Thus, five samples 
were prepared by differing the volume ratio among cement: 
CBW: RHA: water content as 2:2:4:1, 2:2:6:1, 2:2:8:1, 
2:3:6:1 and 1:3:6:1. These ratios were taken considering the 
settling of the brick. During each brick-making process, 
RHA, crushed CBW and OPC were mixed by using a margin 
trowel with appropriate volumes of clean water. The resulting 
mixture was then poured into a rectangular mould 
(dimensions: 7×5×3 cm) and left for 12 h to settle. The settled 
brick was then taken out and dried for 10 h under atmospheric 
conditions. 
  

Out of the brick samples prepared, the best composite 
brick was selected based on the porosity, workability and 
ability to remove the brick from the mould. Workability was 
assessed by the water absorption and compressive strength of 
the brick.  During water absorption studies, the brick was first 
heated to 100°C for 24 h to remove moisture in the brick and 
its dry weight was obtained. The brick was then immersed in 
the water for 24 h and the wet mass of the brick was obtained. 
The water absorbance was computed as the percentage 
increase of final brick weight compared to the dry weight. 
Finally, the 28-d compressive strength of the brick was tested 
using the Universal Tensile Machine (J.T.M. Technology Co. 
Ltd). Accordingly, the optimum mixing ratio for cement: 
CBW: RHA: water was chosen as 2:3:6:1. For this brick, 
water absorption and 28-d compressive strength were 
measured as 51% and 3.61 MPa, respectively according to 
our previous work [10]. 

C. Adsorption and measurement of adsorbate concentration 

 
Suitable weights of Pb (NO3)2, Na2HAsO4.7H2O and 

HgCl2 were used to prepare 1000 ml of 50 mgdm-3 solutions 
of Pb(II), As(V) and Hg(II), respectively. For Malachite 
green (C52H54N4O12) dye, 1000 ml of 20 mgdm-3 solution was 
prepared by dissolving in distilled water. Identical brick 
samples (corresponding to the optimum mixing ratio) were 
then used for adsorption tests. All samples were washed with 
clean water to remove dust and to saturate the brick with 
water (i.e., to avoid further water absorption). Here, 500 ml 
of each solution was poured into a plastic tub in each 
adsorption study. Then, a washed brick was dipped inside the 
solution and 25 ml of the solution was pipetted out every 30 
min for concentration measurements. This procedure was 
repeated for 5 h at 25°C for each adsorbate and a single 
adsorption experiment was conducted for each adsorbate. 

During the volume reduction taken place in the above 
pipetting procedure, it was ensured to contact the same 
surface area of the brick by the adsorbate solution. In this 
way, the adsorbent mass during the whole experimental 
procedure was kept the same. 

 
The concentrations of Pb(II), As(V) and Hg(II) were 

measured by using a Flame Atomic Absorption 
Spectrophotometer (variant AA240FS). Acetylene gas was 
used for both Pb(II) and Hg(II)  detection while nitrous oxide/ 
Acetylene mixture was used for As(V) analysis. The 
concentration of the Malachite green dye was measured by a 
UV-Visible Spectrophotometer (Thermo Scientific, 
Evolution 201) at 617 nm wavelength.  As stated above, the 
initial concentration of Malachite green dye was set to 20 
mg/dm3 to conveniently measure the concentration using the 
UV-Vis spectrophotometer based on the Beer-Lambert Law. 
The concentration measurements of adsorbates are presented 
in the next section. 
. 

III. RESULTS AND DISCUSSION 

A. Adsorbate concentrations 

 
Table I shows the concentrations of different adsorbates 

measured during different periods of contact. As per the 
results, the brick is capable of considerably adsorbing the 
examined heavy metals and dyes within 5h of contact. 

TABLE I.  VARIATION OF CONCENTRATION OF DIFFERENT 

ADSORBATES WITH CONTACT TIME 

 
Contact 

time 

[min] 

Adsorbate concentration [mg/dm3] 

Pb(II) As(V) Hg(II) MG 

0 50.00 50.00 50.00 20.00 

30 29.87 12.05 47.30 0.24 

60 20.71 11.71 46.80 0.20 

90 14.73 11.59 46.10 0.19 

120 11.56 11.47 45.30 0.18 

150 10.41 11.44 44.50 0.04 

180 8.89 11.34 43.20 0.06 

210 7.05 11.30 42.70 0.06 

240 6.19 11.15 41.80 0.03 

270 2.24 11.09 40.90 0.03 

300 0.57 10.82 38.90 0.01 

  
To further analyze the adsorption capability, the 

information on adsorbate loading and the final removal 
percentage of each adsorbate are presented next. 
 
B. Adsorbate loading  

 

Adsorbate loading (�� ) (i.e., the amount of adsorbate 
loaded per unit mass of the adsorbent) is used to compute the 

amount of adsorbate loaded on the adsorbent at any time �. �� 
is defined as below [11]. 

 

�� = ��� − ��	

��

 

 

(1) 

Where ��  (mg/dm3) is the initial concentration of the 

adsorbate, �� (mg/dm3) is the concentration of the adsorbate 

at time � , 
  (dm3) is the initial volume of the adsorbate 



solution and ��(g) is the adsorbent (brick) mass. The values 

of �� was 346g for all adsorption experiments. 
 

       Fig.  1 shows the variation of ��  during 300 min of 
contact. Accordingly, MG shows rapid adsorption during the 
first 30 min and almost reaches a plateau afterwards. A 

similar pattern can be seen for As(V) with a high range of ��. 
Pb(II) shows approximately 0.05 mg/g loading by 90 min of 
contact, and it increases by 40% by 300 min of contact. 
However, the adsorbate loading for Pb(II) does not reach an 
equilibrium value by this time. Compared to the adsorbates 
discussed so far, Hg(II) demonstrates the lowest and slowest 
rate of adsorbate loading which leads to around 0.015 mg/g. 
It should be noted that, usually, the adsorbate loadings for 
examined species are around 100-1000 times smaller than for 
reported works [4]. The possible reason could be the brick (or 
adsorbent) mass, which is 346g in this case, compared to very 
low adsorbent volumes used in reported works (i.e., usually a 
few grams). 

 

Fig.  1: Variation of adsorbate loading on the adsorbent with time 

C. Removal percentage of adsorbates 

The removal percentage (%R) of any adsorbate by the 
brick at the end of contact time (i.e., 300 min) was calculated 
by using the following equation.  
 

% � = �������
��

× 100% 
(2) 

 

Where   �� (mg/dm3) is the concentration of the adsorbate at 

300 min.  

 Table  II provides a comparison of this work with the 
reported adsorption percentages for different adsorbents. The 
proposed composite brick is capable of 98.86% removal of 
Pb(II). This value is almost the same as the reported Pb(II) 
removal performed by brick clay and rice husk when they are 
separately applied. However, for As(V), the removal 
percentage is around 78.36%, which is slightly lower 

compared to rice husk. Literature reports around 35% of 
removal for Hg(II) from powdered rice husk ash, while the 
proposed brick is capable of 22.20% removal. As the 
adsorption rate is quite low according to Fig.  1, it should take 
more time to adsorb somewhat high Hg(II). This may be a 
reason to have a comparatively low removal efficiency for 
Hg(II). However, for MG, the brick equally performs as the 
reported adsorbents while resulting in almost 100% removal. 
It is noteworthy that, in a mixture of adsorbates, these 
removal percentages may change possibly due to the 
competition between adsorbates to occupy the active sites 
[12].  

Overall, the removal percentage of the tested adsorbates 
follows the order MG > Pb(II) > As(V) > Hg(II). Considering 
the analyses so far, the brick demonstrates distinct adsorption 
patterns for MG, Pb(II), As(V) and Hg(II), and the adsorption 
mechanism determines the adsorption efficiency (or pattern) 
[13]. Therefore, three kinetics models and three diffusion 
models were employed in the following section to analyze the 
mechanisms of adsorption. 

TABLE II.  ADSORBATE REMOVAL PERCENTAGES BY DIFFERENT 

ADSORBENTS (%R = REMOVAL PERCENTAGE) 

Adsorbate  Adsorbent  % R Source 

Pb(II) 

Rice husk ash/brick waste/ 
cement 

98.86 
This 
work 

Rice husk (carbonized 
form/batch sorption) 

97 [9] 

Rice husk (column sorption) 64 [7] 

Brick clay (column sorption) 100 [7] 

First with brick clay and then 
with rice husk (column 
sorption) 

79 [7] 

Brick waste (with little 
addition of concrete) 

90-100 [14] 

As(V) 

Rice husk ash/brick waste/ 
cement 

78.36 
This 
work 

Rice husk (carbonized 
form/batch sorption) 

85 [9] 

Hg(II) 

Rice husk ash / brick waste/ 
cement 

22.20 
This 
work 

Rice husk ash (powder 
form/batch sorption) 

31.5 [15] 

MG 

Rice husk / brick waste/ 
cement 

99.98 
This 
work 

Rice husk ash-derived biochar 
96.96 ± 

1.17 
[16] 

Rice husk treated with NaOH 89-97 [17] 

 

D.  Adsorption kinetics and diffusion modelling 

 
In short, the Pseudo First Order (PFO), Pseudo Second 

Order (PSO) and Elovich models were used to determine the 
nature of the adsorption. The intra-particle diffusion models 
were used to determine the mode of diffusion (i.e., intra-
particle or film). Here, the data were fitted to each of these 

models and regression coefficient (��) was used to assess the 
suitability of each model to describe the kinetics and mass 
transfer. The following equations define each model [8, 14]. 

 

i. Pseudo First Order (PFO) model 

 

log��� − ��	 = log���	 − � � (3) 



Where �� (mg/g) is the adsorbate loading at the equilibrium, 

�� (mg/g) is the adsorbate loading at time � and �  is the rate 
constant. 
 

ii. Pseudo Second Order (PSO) model  

�
��  = �

��  +  1
�����

 (4) 

 

Where ��(mg/g.min) is the rate constant. 
 

iii. Elovich model 

�� = 1
" ln�"$	 + 1

" ln ��	 

 

(5) 

Where " (mg/g) is a constant related to chemisorption and $ 
is the initial sorption rate (mg/g.min). 
 

iv. McKay and Poots’s intra-particle diffusion (IP) 

model  

�� = �%√� + � 

 

(6) 

Where �%  is the rate constant and � is the thickness of the 

boundary layer. 
 

v. Webbs and Thomas’s intra-particle diffusion model 

log��	 = '()*��	 + log �+�,	 
 

(7) 

Where � is the percentage adsorption of the adsorbate, and ' 

is the gradient of linear plots and  +�,  is the intra-particle 
diffusion rate constant. 
 

vi. Film diffusion model 

 

ln -1 − ��
��  . = −�/� + 0 

 

(8) 

Where, �/  is the rate constant (min-1) and 0  is the film 
adsorption constant. 
 
Table III summarizes the performance of each model in 
describing kinetics and diffusion parameters. Following it, 
Pb(II), As(V) and MG show a good fit for PSO models (i.e. 

��≥ 0.99), and they agree with similar research performed 
with modified rice husk [17], rice husk ash [18] and potato 
peel/rice husk ash [19]. Hg(II) agrees well with the PFO 
model than with the PSO model, which contradicts the PSO 
model’s agreement reported in the literature. The possible 
reason could be the lack of contact time. In this context, the 
contact time is around 120 h for Hg(II) when a solid mixture 
of modified rice husk is used [20]. However, the contact time 
can be expected high for the brick as the exposed surface area 

is low for adsorbates. The initial adsorption rate (i.e. 1/�����) 
follows the order Pb(II) > As(V) > MG, which shows how 
fast the adsorption commences. However, the rate constant 

(��) for PSO model follows the order MG > As(V) > Pb(II) 

> Hg(II), and the equilibrium loading (��) follows the order 
Pb(II) > As(V) > MG ≈ Hg (II). 

TABLE III.  CALCULATED MODEL PARAMETERS 

 

Model Parameter Adsorbate 

Pb(II) As(V) Hg(II) MG 

Pseudo 
first order 
(PFO)  

�� 
�� (mg/g) 

�   

0.92 
0.07 
2.81 

0.58 
0.06 
6.81 

0.96 
0.02 
4.09 

0.63 
0.03 
6.17 

Pseudo 
second 
order 
(PSO)  

�� 
�� (mg/g) 
�� (mg/g.mi
n) 

0.99 
0.08 
0.20 

0.99 
0.06 
9.60 

0.68 
0.03 
0.12 

1.00 
0.03 
44 

Elovich  �� 
" (mg/g) 

0.98 
58.14 

0.93 
1428 

0.83 
204 

0.87 
5000 

McKay 
and Poots  

�� 
�% 

(mg/g.s0.5) 

� (mg/g) 

0.95 
0.003 
 
0.008 

0.5313 
0.0023 
 
0.0245 

0.93 
0.0009 
 
-0.0014 

0.5168 
0.0012 
 
0.0128 

Webbs 
and 
Thomas  

�� 
+�,  

' 

0.96 
0.13 
0.36 

0.93 
0.73 
0.01 

0.71 
0.04 
0.23 

0.867 
0.968 
0.005 

Film 
diffusion  

�� 
 

0.93 0.97 0.96 0.86 

 

      The �� trend agrees with plateaus shown in Fig.  1 and it 
further proves that the Hg(II) should take more time for the 
equilibrium and Pb(II) is almost close to the equilibrium. 

Furthermore, �� indicates which adsorbates can be highly 
adsorbed to the adsorbent’s surface. All adsorbates agree very 
well with the Elovich model which usually predicts the 
chemisorption. However, as this model also is used to 
describe the adsorption on a heterogeneous surface, the 
indication of the chemisorption is not conclusive [21].  
 
      The Webbs and Thomas model shows a good agreement 
with the findings for Pb(II), As(V) and MG. As shown in 

Table III, the ' value follows the order Pb(II) > As (V) > MG, 
which indicates the strength of adsorption between the 

adsorbate and the adsorbent. The rate constant (+�, ) varies 
according to MG > As(V) > Pb(II), which provides clues on 
how fast the adsorption is carried on. If the rate-limiting step 
is intra-particle diffusion, then adsorbate loading should 

agree with the condition: �� ∝  √�  (i.e., � = 0  in McKay 
and Poots model) [17]. Or else, the intercept of the curve 
shown by the Webbs and Thomas model should have a 
positive intercept [17]. However, these two conditions are not 
satisfied by any adsorbate which indicates the rate-limiting 

step is not intraparticle diffusion. Based on the �� values 
obtained for the Film Diffusion model, it can be concluded 
that film diffusion is taken place during the adsorption 
process. 

IV. CONCLUSIONS  

      This study presents how a composite brick made from 
clay brick waste/rice husk ash/cement adsorbs Pb(II), Hg(II), 
As(V) and Malachite green (MG) dye. As per study 
outcomes, within 5h of contact time, the brick can adsorb the 
Pb(II), As(V) and MG by showing more than 78% of removal 
efficiency, and Hg(II) at 22% of removal efficiency. 
According to adsorption kinetics, Pb(II), As(V) and MG 
follow Pseudo Second Order kinetics, while Hg(II) follows 



Pseudo First Order kinetics. Film diffusion dominates the 
adsorption process over intra-particle diffusion. The 

equilibrium loading (��) follows the order Pb(II) > As(V) > 

MG ≈ Hg (II).The strength of adsorption onto the adsorbate 
follows the order Pb(II) > As (V) > MG. The aforementioned 
information on the proposed brick is important in 
benchmarking it as an “adsorption unit” in wastewater 
treatment. 
 
      To this end, the proposed brick can be recommended as a 
convenient and efficient ‘adsorption unit’ for large-scale 
wastewater treatment sites. To further evaluate the brick’s 
performance, the impact of temperature, pH and can be done 
in future works. It is also important to test the performance in 
a mixture of several adsorbates and to conduct desorption 
studies for the adsorbates. In addition to these, regeneration 
studies for the brick after several adsorption cycles will 
provide more insights into its practical usage. 
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