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ABSTRACT 
 Reprocessing materials as an adsorbent derived from agricultural waste like rice husk 
has been broadly applied to eliminate hazardous substances from the environment. The main 
objective of this research was to produce activated carbon from the agricultural waste of rice 
husk using activating agents like zinc chloride (ZnCl2) (1:2 ratio) and to evaluate the 
efficiency of copper removal with lower dosage from spiked aqueous solution. The batch 
adsorption process showed that the adsorption process was dependent on dose, pH, 
concentration and contact time. Within 10 min for the initial concentration of (1-5mg/L), the 
copper was removed absolutely (~100%) and the adsorption quantity was good (~20.45mg/g) 
using 0.25g/L of activated carbon for 100 mL aqueous solution at pH 6. But at the equilibrium 
state, the copper removal percentage was slightly decreased and obtained (97-100 %). 
Adsorption isotherm was well fitted with Langmuir (R2= 0.9946) and Freundlich isotherm 
(R2= 0.9979). Moreover, the kinetic isotherm was closely fitted by the pseudo-second-order 
model with the regression coefficient (R2~ 1).  So, the activated carbon of rice husk can be 
used as an adsorbent to effectively reduce copper ion from wastewater. 
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1. Introduction  
Water pollution is very vital issue for 

developing countries to protect the lives of 
their citizens. According to the World 

Health Organization (WHO), more than 
three billion people will not have access to 
safe water by 2025 (United Nations, 2015). 
It  observed that  in  fast  growing  countries  

 



S. Azad et al. | Science & Technology Asia | Vol.27 No.3 July – September 2022 

70 

nearly 90% wastewater undertakes without 
treatment. Statistical reports show that a 
minimum of 10% of the world’s population 
consume food which is made with 
wastewater. Pure water is an important part 
of our life. Water is needed not only for 
human life but also for purposes such as 
agriculture, plants, animals, households and 
environmental actions. About 90% of 
surface water is seawater in the oceans but 
only 3% is pure and just above two thirds of 
water are ice-covered. The remaining pure 
water is obtained in groundwater. A small 
fraction of fresh water is on the earth’s 
surface.  

Water pollution mixing toxic metals 
is very dangerous because of toxicity [1]. 
The toxic metals are distinctive due to their 
high density and persistency. There are 
twenty metals classified as heavy metals in 
the environment. Some of them are harmful 
due to their toxicity and some are non-
hazardous [2]. Lead, nickel, copper, 
cadmium, chromium are more toxic heavy 
metals. Heavy metals accumulate in the 
human body, leading to various diseases and 
disorders. Toxic metals can damage the 
liver, kidney, brain and central nervous 
system. Even abortion and neonatal death 
can be caused by severe cases of those 
metals. Copper can cause vomiting & 
diarrhea. Only two grams of this metal is 
enough for anemia. It can damage the liver 
and can cause death. It has both short- and 
long-term effects. In mammals, over 
exposure to this metal may destroy kidneys 
[3]. Fish can also be affected by copper. 
Some metals are strongly attached 
with soil such as lead and copper. Copper 
may be found in mushrooms and it can 
damage the stomach. The main sources of 
metals are battery manufacturing, and the 
ceramic and metal plating industry which 
produces large quantities of wastewater 
mixing metals [4]. 

The common methods used for 
wastewater treatment are restricted because 
of technical and financial barriers. 

Furthermore, it is mainly due to low 
concentration of toxic metals in aqueous 
solution (<100 ppm). For removing heavy 
metals from wastewater, there are some 
common methods such as ion exchange, 
adsorption, precipitation and membrane 
separation [5]. Among those processes, 
adsorption is an efficient method to remove 
contaminant from wastewater [6]. The 
adsorption process is popular because it 
reuses biological materials with their major 
advantages. There are some advantages such 
as low cost, high efficiency, renewability, 
minimization of chemical or biological 
sludge, easy regeneration of bio sorbents 
and possibility of metal recovery.  

Recently, bio-sorption has become an 
economically popular method for processing 
agricultural waste due to its availability, 
cost and recycling process [7]. Agricultural 
waste materials are cost effective adsorbents 
and easy to handle. It can solve waste 
disposal problems by converting waste to 
activated carbon which is a most attractive 
adsorbent [8]. Natural products like the 
activated carbon from rice husk can be used 
as effective adsorbents for purifying 
wastewater due to possessing medium 
surface area and pore volume as well as 
high adsorption capacity with heavy metals. 
These types of agricultural waste fulfil two 
purposes: unusable waste is converted to 
efficient adsorbent and, secondly, it can 
solve wastewater treatment problems in 
many countries [9].  

Two types of biomass are available 
for use as adsorption methods. One of those 
is living biomass and the other is non-living 
biomass. Moringa oleifera, coconut coir, 
and rice husk are used as non-living 
biomass [10]. In contrast, fungi, yeast and 
microbial cells are used as living biomass 
[11]. The activity of adsorbent depends on 
its pore volume and surface area. It can be 
used not only for wastewater but also with 
air and gas streams to eliminate 
contaminants [12, 13]. If the cheap 
adsorbents are applied, the treatment cost is 
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reduced [14]. Adsorbents of agricultural 
waste possess high porous structures [15]. 
They also contain large surface areas from 
1000 m2/g to 2800 m2/g [16]. The quality 
of activated carbon relies on its pore size. 
There are three types of pore size according 
to IUPAC. They are: micro pores (when 
pore width < 2 nm), meso pores (when pore 
width 2 nm - 50 nm), and macro pores 
(when the pore width > 50 nm) [17].  

The commercial activated carbon is 
used in powder and granular form but it is a 
costly process. The powdered form is 
applied to liquid media which has sizes of 
15-25 μm. On the other hand, granular 
adsorbents are mostly applied for both 
liquid and gas media. Those types of 
activated carbon can be used in medicine 
[18], pharmaceutical [19] and wastewater 
treatments [20].  

Activated carbon derived from 
agricultural waste such as rice husks and 
coconut coir have lignocellulosic 
compounds as major constituents. They also 
have other polar functional groups such as 
alcohols, aldehydes, carboxylic, ketones and 
ether groups [21]. These functional groups 
can bind toxic metals by donating electrons 
[22]. Most of the plants, such as neem, rice, 
and Moringa oleifera, have binding 
properties. The heavy metals chelation 
property of adsorbents can be developed by 
chemically activating agents like zinc 
chloride which also can develop pore size 
and surface area of activated carbon. 
Activating agents, such as sodium carbonate 
(Na2CO3), sulphuric acid (H2SO4), and 
potassium carbonate (K2CO3), zinc chloride 
(ZnCl2), phosphoric acid (H3PO4), are 
commonly used to produce activated carbon 
by chemical activation [23]. These agents 
can inhibit tar improvement and decrease 
the volatile matter growth of impregnated 
precursors. The activating agents support 
the improvement of the carbon porosity 
through degradation mechanisms and 
dehydration [24]. 
 

2. Materials and Methods  
2.1 Sample collection and preparation 

Rice husk was collected from 
Mohammadpur, Magura, Bangladesh. The 
rice husk was sun dried for 6 hours then it 
was washed with distilled water to remove 
dirt from its surface and dried in an oven at 
110 °C for 13 hours. The raw materials were 
reduced into smaller particle sizes using a 
mortar and pestle as well as a blender. The 
sample (100 g) was then chemically 
activated using a zinc chloride (10 % ZnCl2) 
solution to soak (char with chemical 1:2 
ratio) for 16 hours. Then the sample was 
dried in the oven at 110 °C for 12 hours. It 
was ground and sieved at 400 μm. Then the 
sample was kept in the desiccator for further 
use. The husk was placed in the furnace at 
700 °C with heating rate of 10 °C/min for 
60 min. During the carbonization process, 
purified nitrogen was flown. It was cooled 
in normal temperature. This activated 
carbon sample was washed several times 
with distilled water. The carbonized sample 
was soaked in 500 mL 0.5M HCl for 1 hour 
due to remove CaO or mineral. The sample 
was washed repeatedly with distilled water 
for removing free acid.  The washed sample 
was dried in an oven at 110 °C for 18 hours. 
These were then sieved at 400 μm. The 
produced activated carbon was stored in a 
polypropylene bottle. The prepared 
activated carbon was used for this 
experiment. 
 
2.2 Instrumentation 

Functional groups on surface of 
adsorbents were determined using Fourier-
transform infrared spectroscopy (PERKIN 
ELMER FTIR Model 1600, USA). The 
initial and final metal concentration of 
aqueous solution were obtained using an 
atomic absorption spectrophotometer (AAS-
240 FS AA, USA).  Micro porosity of outer 
surface of adsorbents and pore size were 
obtained using a scanning electron 
microscope (SEM-HITACHI SU 6600, 
Japan) and Brunauer-Emmett-Teller (BET : 
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BELSORP-MINI,  Japan). Water distillatory 
(2108, GLF, Germany), pH meter (3510, 
Genway), Shaker (UK.), analytical balance 
(CP 2245, Sartorius, USA.), oven, furnace 
and blinder were used during this study. 
 
2.3 Preparation of spike aqueous solution 

All chemicals were analytical grade 
attained from Merck, Germany. Standard 
solution and stock solution of metal 
(copper) was obtained by dissolving metal 
salt in deionized water. A 9.333 g of copper 
sulphate (CuSO4.5H2O >99%) was 
dissolved in 1 L volumetric flask of water to 
make 1000 mg/L of metal salt solution as 
1000 mg/L of stock solution. The working 
solutions were attained by diluting the stock 
solutions. From the 1000 mg/L of stock 
solution, 1 mL, 2 mL, 3 mL, and 5 mL of 
salt separately were mixed with requiring 
1000 mL of water to get 1 mg/L, 2 mg/L, 3 
mg/L, and 5 mg/L of working solutions. 
Other chemicals are 0.5 M hydrochloric 
acid (HCl ~70%), 0.5 M nitric acid (HNO3 
~70%), 1N sodium hydroxide (NaOH), 0.05 
M sodium nitrate (NaNO3 buffer), (10%) 
zinc chloride ZnCl2. 
 
2.4 Adsorption experiments 

This study was conducted by adding 
0.25 gm/L activated carbon in 100 mL 
spiked aqueous solutions. Flasks with 
adsorbents were placed in a shaker at room 
temperature (25±2 °C) with 200 rpm speed 
for 2 hours. The pH was controlled at 6 
using 0.1N NaNO3 buffer solution to get 
best adsorption capacity of adsorbents for 
this experiment but to observe the effect of 
pH of the solution were adjusted ranging 
from 2-8 by 0.1N (HCl & NaOH) solutions. 
Then after 10, 20, 40, 60 and 120 minutes 
the samples were taken and filtered with 
filter paper. They were analyzed using 
Atomic Adsorption Spectrophotometer 
(AAS). According to Eq. (2.1), the amount 
of adsorbate adsorbed on the adsorbent at 
any time, qt (mg/g) was calculated and the 

percent removal of adsorbate was evaluated 
as expressed in Eq. (2.2)  

           (2.1) 
 
where  and  (mg/L) are the 
concentrations of solution at initial and at 
equilibrium time, respectively. V is the 
volume of the solution (L) and W is the 
mass of adsorbent used (g).  

    (2.2) 
 

2.5 Adsorption equilibrium models  
Adsorption isotherms are probably 

the best techniques to calculate the amount 
of adsorbate from solution. They can remain 
in the solution after equilibrium. This also 
provides the design of adsorption systems. It 
expresses the external properties and 
attraction of the adsorbent for different 
pollutants. They can also be used to relate 
the adsorptive capabilities of the adsorbent 
for varieties pollutants. 
 

2.5.1 Langmuir isotherm 
The Langmuir isotherm indicates that 

the adsorption procedure will only take 
place at specific homogeneous sites on the 
adsorbent surface, basically once the 
adsorbate is attached on the site. Therefore, 
no more adsorption can take place at that 
site.  It relates the adsorption of molecules 
on a solid surface. This equation is valid for 
monolayer sorption onto a solid surface. It is 
concluded that the adsorption process is 
monolayered in nature. The isotherm 
indicates that monolayer adsorption might 
occur on the surface of the adsorbent that 
was created with homogeneous adsorption 
patches. The Langmuir equation is based on 
assumptions as stated by (Desta, & Lucia, 
2013): 

i) Monolayer adsorption onto a surface 
containing a fixed adsorption site. 
ii) No shifting of adsorbate in the plane 
surface. 
iii) Sorption stops as adsorption site is filled. 

( )0 ,t eq C C V W= -

0C eC

( )0 0% 100 .eCRemova C Cl - ´=
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The Langmuir isotherm equation is stated 
by the below equation: 
 
              (2.3) 

 
The linear form of Langmuir isotherm 
equation is given by Eq. 4 

	
         (2.4) 

 

where  and  are the initial & 
equilibrium concentration of adsorbate 
(mg/L) respectively. Other sides,  is the 
amount of solute bind on adsorbent (mg/g), 

 is the maximum binding ability of 
activated carbon (mg/g). The Langmuir 
adsorption constant is  (L/mg). The 
constant value can be determined from the 
linear plot of ( ) versus . 
Dimensionless separation factor (RL) can be 
defined as (Dada, et al., 2012): 
 

                   (2.5) (6) 
 

where  value suggested that the 
adsorption process to be unfavorable when 
( ), linear ( ), favorable 
( ), or irreversible ( ). 
 

2.5.2 Freundlich isotherm 
Adsorption can occur on a surface of 

adsorbents through a multilayer adsorption 
mechanism in accordance with the 
Freundlich isotherm. This isotherm is used 
for heterogeneous surface substance. The 
adsorption intensity of the adsorbent is 
calculated by this isotherm. The isotherm 
model is expressed by Eq. (2.6): 
 

                   (2.6) 
 

where at equilibrium,  &  is the 
amount of pollutant bind onto adsorbent 

(mg/g) and concentration of adsorbate 
(mg/L) respectively. Besides,  is the 
Freundlich constant, (mg/g) (L/mg). 1/n and 
n are the Freundlich heterogeneity factor. 
The equation can be expressed in the linear 
form by taking the logarithmic: 
 

      (2.7) 
 
From the equation, if the plot of  
versus  is obtained straight line 
indicating Freundlich isotherm well fitted. 
Where the slope and intercept can be 
determined from the linear plot. The value 
of  can be a favorable process when 

 
 
2.6 Adsorption kinetics models 

The adsorption kinetics shows the 
rate of adsorbate uptake on activated carbon 
which regulates the equilibrium time. In 
order to select the optimum conditions for 
adsorption, the adsorbate adsorb kinetics is 
important. The kinetic parameters are 
important to predict the adsorption rate. 
These parameters are as follows: the effects 
of initial concentration, contact time, pH 
and adsorbent dosage. In fact, kinetic 
models are useful in determining the 
significance of diffusion mechanisms inside 
the adsorbent particles.  The adsorption 
techniques will be influenced by the 
physical and chemical characteristics of the 
adsorbent. The kinetic data can be well-
fitted to either the pseudo-first or second 
order kinetic models. 
 

2.6.1 Pseudo-first-order kinetic 
model 
This model has been widely used for the 
prediction of adsorption kinetics. The model 
is defined as in Eq. (2.8): 

             (2.8) 
 

0 1 .e L e L eq Q K C K C= +

0 01 ,e e L eC q Q K C Q= +

0C eC

eq

0Q

LK

e eC q eC

( )0R 1 1 ,L LK C= +

R L

R 1L > R 1L =
0 R 1L< < R 0L =

1 ,ne f eq K C=

eq eC

fK

log log 1 log .e f eq K n C= +

log eq
log eC

n
1 10.n< <

( )1 .t e tdq dt k q q= -



S. Azad et al. | Science & Technology Asia | Vol.27 No.3 July – September 2022 

74 

Here,  is the amount of solute adsorbed at 
equilibrium, (mg/g),  is the amount of 
solute bind with adsorbent at time, (mg/g). 
Where  is the rate constant of pseudo-first 
order sorption (1/h). Integrating equation (9) 
for the boundary conditions  to t and 

 to , gives the following equation: 

    (9) 
 

Elimination of the logarithm constant as in 
Eq. (2.10), below. 
 

             (2.10) 
 
The graph of  and t provides a 
slope of  and as the intercept. 
 

2.6.2 Pseudo-second-order kinetic 
model 

In contrast, the pseudo-second-order 
equations forecast the performance over the 
whole range of adsorption. It is an 
adsorption mechanism being the rate 
controlling step. The pseudo-second-order 
equations at equilibrium can be expressed as 
Eq. (2.11): 
 

             (2.11) 
 

Here,  is the amount of solute adsorbed at 
equilibrium, (mg/g),  is the amount of 
solute bind of adsorbent at time, (mg/g). 
Where,  is the rate constant of pseudo-
second-order sorption (g/h.mg). Then 
integrating Eq. (2.12) for the boundary 
conditions to t and  to , 
provides the below equation: 

         (2.12) 
 

That is integrated rate low for a pseudo-
second-order reaction. Here, Eq. (2.13) can 
be rearranged to gain linear form: 

            (2.13) 
 

The linear graph of  Vs t provides  
the slope and  as the intercept. 
 
 
3. Results and Discussion  
3.1 Proximate analysis 

By this report of rice husk (precursor) 
defines the distribution of its elemental 
contents as shown in Table 1. It was 
observed that the volatile matter 61.53% of 
rice husk were more than other contents. 
The moisture content 8.6% of rice can be 
lost as a vapour from adsorbents during 
heating with high temperature. The ash 
content, fixed carbon and yields of the 
sample were 19.49%, 10.38% and 16.4 %, 
respectively.  Fixed carbon content gives 
information of the amount of char formation 
in the thermochemical conversion process. 
It is the solid combustible residue that 
remains after the volatiles matter drive off. 
The higher the fixed carbon, the higher the 
char production in the thermochemical 
conversion process as a product yield. The 
yield is usually defined as final weight of 
activated carbon produced after activation, 
washing, and drying, divided by initial 
weight of raw material, both on a dry basis. 
From this data table obtained outline about 
the properties and components of rice husk 
(precursor). So, a chemically activating 
agent like zinc chloride was effective to 
remove inorganic element of minerals from 
precursor.  
 
Table 1. Proximate analysis of rice husk 
adsorbents. 
Parameter   Value (%) 

Volatile 
content   61.53 

Moisture 
content   8.6 

Ash content   19.49 
Fixed carbon   10.38 

Yields   16.4 

 

eq

tq

1k

t 0=
t 0q = tq

( ) 1log log 2.303.e t eq q q k t- = -

( ) 1log ln .e t eq q q k t- = -

( )ln e tq q-

1k ln eq

( )22 .t e tdq dt k q q= -

eq

tq

2k

t 0= t 0q = tq

( )1 1 .e t e 2q q q k t- = +

21 .t 2 e et q k q t q= +

et q 1 eq
21 2 ek q
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According to analysis report, the minerals 
are considered as contaminants such as Ca, 
Na, K, Al, N, P, Si, Zn and Fe. Due to 
purifying the prepared activated carbon and 
removing the contaminants, the acid 
solution is generally used during washing 
part and in further treatment. These 
inorganic elements could be eliminated 
from precursors of agricultural products 
with HCl, H2SO4, HF or ZnCl2 treatment in 
order to diminish the ash content.  
 
3.2 Characterization of activated carbon 

ZnCl2 altered the carbonization 
behavior of rice husk, converted the 
contained minerals into soluble salts and 
established skeletal pore structure at the pre-
carbonization period. ZnCl2 plays an 
important role in porosity development at 
different stages. When ZnCl2 was introduced 
to the precursor during the impregnation 
process, the partial structure of rice husk 
was destroyed. Then, ZnCl2 developed 
micro pores abundantly and reduced the 
formation of graphitized carbon during the 
activation phase. However, using the acid 
treatment, some of the minerals are removed 
from the structure and rise to the surface 
area and carbon porosity [25]. Therefore, 
acid treatment was confirmed to increase the 
surface area and porosity of activated 
carbon. Carbonization at 700 °C can 
develop basic microstructure of porosity. 
The developed pores are prone to be filled 
with tarry products which are produced 
during pyrolysis. The higher temperature of 
carbonization supports the removal of tarry 
and disorganized matter, thereby 
eliminating constrictions and forming a 
more accessible pore structure. Besides tarry 
products, mineral oxides were also present 
in the ash matrix which usually blocked the 
pores structures. The development of more 
surface area and pores in activated carbon 
treated ZnCl2 with acid solution is likely to 
be due to the elimination of impurities on 
the surface and in the pores. Activated 
carbon can contain mineral matter up to 15 

% in the form of ash content, which clogs 
up the pores [26]. (Fig. 1) show a plotted 
graph for the pore size distributions of rice 
husk activated carbon, based on these data. 
As can be seen from this plot, singular sharp 
peaks were detected in the range of 20 to 40 
Angstrom (Å) (or 2 to 4 nm). 
 

 
Fig. 1. Pore size distribution of rice husk. 

 
About 75 % of the pores had 

diameters within the mesopores range (pore 
diameter range of (10 -180 Å) for rice husk. 
Hence, the activated carbon is a meso 
porous material. This suggests the prepared 
activated carbon would be very absorptive 
to wastewater. In inert conditions, 
carbonization could yield a meso pore 
carbon of a very narrow pore size 
distribution. Carbon with narrow pore size 
distributions is stable in structure and could 
increase practical parameters such as BET 
surface area and V0 total micro pore volume 
[27]. 
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Fig. 2. Adsorption isotherm of rice husk. 
 
Fig. 2 demonstrates the adsorption 
isotherms of rice husk. The shapes of the 
adsorption isotherm are a reflection of the 
pore size distribution in adsorbents samples. 
It can be suggested that the isotherms of rice 
husk resembled a combination of type I with 
prominent hysteresis loops of type H4, 
which occur in the region of 0.02 to 0.08 
P/Po. This displays the higher degree of 
meso porosity contained in carbons [28]. 
Fig. 2 shows a less steep Type I isotherm 
with a sharp “knee” form at the low relative 
pressure and a regular increase in nitrogen 
gas (N2) adsorb at the higher pressure. The 
regular increase in N2 adsorb occurred 
beyond P/Po > 0.02, thus presenting the 
heterogeneous micro porosity and growth of 
small size meso porosity. Zinc chloride 
treatment increased the adsorbed amount of 
nitrogen for rice husk in the region of 0 to 
0.1 P/Po. Isotherms presented with a steep 
adsorption at very low relative pressures 
(P/Po = 0 to 0.02) characteristic of micro 
porous structures [29]. The hysteresis loop 
type H4 considered the presence of meso 
pores particles. Rice husk exposed the 
higher adsorption of the series in the low-
pressure region. Acid treatment improved 
the quantity adsorbed at low relative 
pressures. Rice husk adsorbed more N2, 
which indicate a higher surface area. The 
sloped-up plateau started at P/Po > 0.02. 

The increase in N2 bind at the other 
pressures indicated the rise of micro pore 
diameter and development of meso porosity 
[29]. 
 

3.2.1 Surface morphology 
The surface chemistry is very 

important part of activated carbon for 
analyzing. Fig. 3 shows the SEM 
micrographs of the rice husk before and 
after adsorption under 1000x 
magnifications. That micrographs presented 
with the morphological changes of the 
carbon materials during carbonization and 
activation processes after adsorption. After 
carbonization was performed under inert 
condition. Pore development in the char 
during pyrolysis was essential. It would 
increase the surface area and pore volume of 
the activated carbon after the activation 
process [30]. Only ZnCl2 used for rice 
impregnated sample can a better porous 
structure development. The BET surface 
area and pore volume of this activated 
carbon derived from rice husk were 
271.85m²/g and 0.1217 cm³/g, respectively. 
The introduction of ZnCl2 enlarged the 
difference between the morphology on the 
surface of the char and of the activated 
carbon. The reactions between ZnCl2 and 
carbon took place due to the diffusion 
effect. In Fig. 3 for rice husk, more 
heterogeneous and irregular shape pore 
structures were filled up by copper. More 
pores were advanced and were closed to 
each other. The heat was carried into the 
molecules which can create more pores in 
the activated carbon [31]. Okman et al., 
2014, [32] observed a spongy-like structures 
with many small cavities in the grape seed 
based activated carbon which was 
impregnated with K2CO3. As can be 
observed in Fig. 3, the presence of small 
white particles of various sizes attached to 
the surface of the activated carbon. The 
white particles were believed to be the 
residues of zinc salt (from ZnCl2). A similar 
finding was observed by [33] while making 



S. Azad et al. | Science & Technology Asia | Vol.27 No.3 July – September 2022 

77 

the activated carbon from banana peel. This 
indicates that the traces of zinc salts 
residues are present in the carbon matrix 

even though a serious washing procedure 
with the combination of HCl and distilled 
water was applied. 

 

              
 

Fig. 3. SEM micrograph (a) before adsorption and (b) after adsorption of Rice husk. 
 
3.3 Equilibrium studies 

Fig. 4 shows an equilibrium curve of 
copper for the rice husk activated carbon. 
The comparison of adsorption capacity of 
different metals among our activated carbon 
and others (AC) derived from rice husk is 
shown in Table 2. 
 

 
The copper curve shows a concave 

downward shape due to high affinity 
between absorbate and activated carbon. 
The contaminant metal was cationic form. 
The adsorption mechanism could be the 
result of ion exchange or electrostatic forces 
due to possess oxygen containing group 
(COOH) on surface of adsorbents. 

So, with increasing the oxygen 
containing group of adsorbents, the quantity 
of adsorbate also increased. The amount of 
adsorbate ranged from 3.98 mg/g to 20.45 
mg/g within 10 mins for ranging initial 
concentration (1-5) mg/L of copper salt 
solution. It was observed where final 
concentration obtained zero (Cf=0) and after 
120 min the quantity of adsorbate ranged 
from 3.98 mg/g to 19.84 mg/g, respectively. 

Therefore, at 700 °C activation 
temperature and char : zinc chloride with 
ratio (1:2), the activated carbon showed 
optimum adsorptive capacity. The results 
showed a rapid uptake of adsorbate 
molecules onto the surface of the adsorbent 
during the first 10 minutes, and then slight 
desorption and slower uptake through to 120 
minutes. The reason for this behavior is that 
the adsorptive site becomes loaded as 
molecules adhere to the surface of the 
carbon structure. The values however 
greatly depend on the equilibrium 
concentration of the effluent with the 
adsorbent. Fig. 4 shows that the equilibrium 
curve for Cu2+ adsorptive capacity of rice 
husk was more due to the use of zinc 
chloride as a chemical activating agent in 
this study. 

 

a 

Fig. 4. Equilibrium plot for rice husk 
 

b 
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Table 2. Comparison of adsorption capacity of different metals among our activated carbon 
and others (AC) derived from rice husk. 

 
3.4 Adsorption studies 

Langmuir isotherm expressed 
monolayer of the metal ions are designed on 
adsorbent. The experimental  for rice 
husk was found to be 20.45 for Cu 
comparable with theoretically calculated 

 as given in Table 3. The higher value 
of  shows the affinity of the adsorbent to 
adsorb metal ions. The value of  can 
also be considered as the total number of 
active sites of adsorbents for adsorption. It 
acts as a natural antioxidant like some other 
plants which were reported as natural 
sources of antioxidants [39]. The plot of 

 against  obtained the constant 
 and .  indicates the strength of 

adsorption. A lower value of  designates 
more adsorption. Another constant, , 
indicates the adsorption intensity. Data 
would be favourable when n value is 
( ). Rice husks were closely fitted 
with Langmuir isotherm and Freundlich 
isotherm. The mean adsorption energy (E) 
can describe adsorption properties. It can be 
calculated from the D-R isotherm model as 
shown in Fig. 7. If the values of E < 8 
kJ/mol, it follows physical adsorption. 
When the value of E ranges from 8-16, it 
follows chemical adsorption. The adsorption 
energy values from Table 2 suggest that rice 
husk indicated a chemical adsorption for 
copper (rice, E = 8.2) metal ions. 

The experimental data were fitted into 
Langmuir and Freundlich isotherm and 
represented in Figs. 5 and 6. For Langmuir 
isotherm, the plot of  against  

shows a linear relationship with 
 of rice husk. For Freundlich 

isotherm, the plot of  against  
shows a linear relationship with R2=0.9979 
of rice. The Freundlich plot and the 
Langmuir plot were fitted favorably well 
with the isotherms of rice husk because the 
value of RL obtained from slope was 0.0012 
for rice [favorable when ( )]. For 
Freundlich isotherm, a value of n (3.68>1) 
for rice (favorable when ) 
obtained represents a favorable condition 
following the works of [40]. 
 

 
 
Fig. 5. Langmuir plot for copper adsorption of 
rice husk. 
 

 
Fig. 6. Freundlich plot for copper adsorption of 
rice husk. 

maxq

maxq

LK

maxq

logq log eC

fK 1 n fK

fK
1 n

1 10n< <

e eC q eC

2R 0.9946=
log eq log eC

0 R 1L< <

1 10n< <

Adsorbents Adsorbate Adsorption Capacity (mg/g) References 
Rice husk (AC) Cu (II) 29 [34] 
Rice husk (AC) Cu (II) 4.77 [35] 
Rice husk (AC) Cd (II) 11.12 [36] 
Rice husk (AC) As (III) 1.22 [37] 
Rice husk (AC) Ni (II) 8.86 [38] 
Rice husk (AC) Cu (II) 19.84 This article 
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Fig. 7. Dubinin-Radushkevich plot for Copper 
adsorption of Rice husk. 
 
 

3.5 Adsorption kinetic studies 
All constant values of adsorption 

kinetics of rice husk for copper adsorption 
are shown in Table 4. There are significant 
differences for the adsorption quantity  
values between experimental 19.84 and 
calculative values 1.64 of rice husk 
activated carbon, respectively, for pseudo-
first-order equation. On the other hand, the 
experimental values  19.84 and 
calculative values 19.80 of rice husk were 
close for pseudo-second-order model.

Table 3. Comparison table for Langmuer,Freundlich and Dubinin-raduchkevich of rice husk 
activated carbon. 

 
According to [41], if the linearity was 
achieved and the line passes through the 
origin, it indicates the internal diffusion is 
the slowest step in the adsorption process. 
Fig. 10 shows the graph line for copper of 
rice husk was not linear and did not pass 
through the origin which indicates that the 
adsorption process was controlled by film 
diffusion. From Figs. 8 and 9, the pseudo-
second order favored the adsorption process 
with a regression correlation (R2~1) for rice 
while the pseudo first order kinetic 
coefficient R2 got 0.12. The correlation 
coefficients were well fitted for pseudo-
second order contrast of first order and 
inter-particle diffusion. Therefore, the 
adsorption and kinetics of Cu2+ ions could 
be well approximated by the second order 
model. According to [41], acid treated 
activated carbon can remove more pollutant 
from wastewater. From Table 4, it can be 
concluded that adsorption quantity (19.84) 
and regression correlation R2~1 for rice 
husk were indicative of a good result. 

 

 
Fig. 8. Pseudo-first order of rice for copper 
kinetic adsorption. 

 
Fig. 9. Pseudo-second order of rice for copper 
kinetic adsorption. 
 

( )eq

( )eq

 Langmuir model Freundlich model  Dubinin-Radushkevich 
Heavy 
Metal 

R2 qmax 
(mg/g) 

KL 

(L/mg) 
R2 1/n 

 
Kf 

((mg/g)(mg/L)1/n) 
 

R2 
 

qmax 
(mg/g) 

E 
(kJ/mol) 

Cu 0.995 20.45 162.97 0.998 0.272 1.54 0.99 22.87 8.2 
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Fig. 10. Intraparticle diffusion for copper 
adsorption of rice husk. 

3.6 Effect of Initial concentration 
The effect of initial concentration 

for the removal of copper from wastewater 
using activated carbon rice husk is shown in 
Fig. 11. The initial concentration was set at 
1, 2, 3, 5 mg/L. It can be seen from the 
graph that increasing the initial 
concentration caused the removal 
percentage of copper from aqueous solution 
to decrease but the adsorption capacity of 
activated carbon also was increased.

 
Table 4. 1st, 2nd order and inter-particle diffusion constant values comparison of activated 
carbon. 

 
 
Within 10 min for all initial concentration 
(5mg/L), the copper was removed 
completely (100%) using rice husk and the 
adsorption quantity was 20.45 mg/g. but 
after 120 min at equilibrium state, copper 
removal percentage was slightly decreased 
and obtained 97% of rice husk for 5 mg/L 
concentration of copper. This type of pattern 
suggests that it can be possible due to 
monolayer formation of pollutant on the 
adsorbent surface [29]. From the result, it 
suggests that the removal percentage of rice 
husk for copper was greater due to 
possessing a larger surface area and pore 
volume in activated carbon. It was proved 
that metals can be removed from wastewater 
using activated carbon [42]. 
 
3.7 Effect of pH 

These studies were conducted ranging 
pH 2-8 of solution. It shows that with 
increasing the pH values, the metal removal 
percentage also increased and at pH 6 the 
maximum removal percentage was 
obtained.   The   adsorption  performance  of  

 

 
Fig. 11. Adsorption removal (%) for Copper of 
Rice. 
 
activated carbon can be affected by the pH 
of solution.  If the pH value was low, the 
outer surface of adsorbents collected many 
positive charges, which provided a greater 
static repulsion force. If pH is increased, the 
static repulsion forces reduced, and heavy 
metal adsorption improved. At pH lower 
than 5, Cu (II) mainly exists as Cu2+ but at a 
higher pH range of 7-11 the predominant 
species of Cu (II) is Cu3(OH)4

2+. At around 

Heavy 
Metal 
 

qexp 

mg/g 
 
         First Order 

 
Second Order 

Intra –Particle Diffusion 

R2 qqal 

mg/g 
k1 
(min-1) 

R2 qqal 

mg/g 
k2 

 (g/mg/min) 
kd 

(mg/l min-1/2) 
R2 

Cu 19.84 0.12 1.64 0.004 0.999 19.80 0.065 0.073 0.72 
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a pH of 6 there is a very small fraction of 
Cu2(OH)2

2+ present in the solution. The 
higher adsorption rate for rice husk 
activated carbon at a pH 6 can be explained 
by the mechanism of electrostatic force. At 
pH > pH(zpc) (4.9) for adsorbents, the 
surface of the adsorbent is negatively 
charged which carries an electrostatic force 
between the metal cations Cu2(OH)2

2+ and 
active sites of adsorbent. At a lower pH, the 
adsorbent surface contains a positive charge 
and H+ ion in the solution inhibits the 
approach of the metal cations and less 
adsorption occurs. On the other hand, the 
acidic carboxylic group on surface of 
adsorbents can conduct adsorption of metal 
ions by an ion exchange mechanism which 
is shown in the equation below 
 
-3COOH+Cu3(OH)4

2+= 3(-COO--Cu(OH)2+) + 3H+(1) 
 

It was concluded that at pH level 6, 
the removal of copper ion was better for rice 
husk due to containing Cu2(OH)2

2+ form. 
 
3.8 Effect of adsorbent dosage 

The effect of adsorbent dosage was 
carried out ranging from 5 mg to 50 mg of 
activated carbon during removal of copper 
ion adsorption from 100 ml aqueous 
solution as shown in Fig. 12. This figure 
shows that with increasing the adsorbent 
dosage, the removal of metal ion also 
improved from about 16% to 100% for 
copper. After reaching 0.025 g of adsorbent 
dosage, the adsorption process also reached 
equilibrium state. The removal percentage 
of pollutant improved from aqueous 
solution with the improving dosage [43]. 
This can be obtained to have available 
active part of adsorbents for complexation 
of heavy metal [44]. Further increasing the 
adsorbent dose cannot show significant 
improvement in removal adsorption. This 
may occur due to reaching the equilibrium 
state between binding adsorbate and 
unabsorbed adsorbate in the adsorption 
process. 
 

 
Fig. 12. Effect of dosage for copper adsorption 
of rice. 
 
4. Conclusion 

From the study of activated carbon, 
the adsorbent of rice husk proved effective 
for the removal of copper ion from spiked 
aqueous solution. It was found that the 
highest adsorption efficiency of activated 
carbon was 100% for concentration of 
solution (1 mg/L) and 97% for concentra-
tion of solution (5 mg/L) using 100 mL 
spiked aqueous solution at pH 6 while the 
suitable dosage was 0.25g/L. This research 
indicates that the use of ZnCl2 as well 
activating agent along with the pyrolysis 
under inert condition which played a vital 
role in producing natural husk into well-
advanced porosity activated carbon. 
However, the prepared activated carbon 
contained deposits of ZnCl2 and inorganic 
constituents on the surface. Several cleaning 
processes removed some of these deposits to 
develop porosity. The HCl treatment on the 
prepared activated carbon managed to 
reduce the remaining minerals. For this 
reason, it developed a highly porous carbon 
structure. These data proved that rice husk 
waste has potential as a precursor cheap and 
highly efficient activated carbon. The 
Langmuir and Freundlich isotherms models 
were closely fitted with the experimental 
data. On the other hand, a pseudo-second 
order isotherm with a regression correlation 
R2 of 0.999 for Cu was well achieved. It was 
therefore concluded that zinc chloride as a 
chemical activating agent can be effectively 
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used to produce activated carbon for 
removal of heavy metals like copper from 
wastewater. 
 
Acknowledgements 

This research was partially supported 
by Universiti Sains Islam Malaysia. 
 
References 
[1]  Ozmen M, Can K, Arslan G, Tor A, 

Cengeloglu Y, Ersoz M. Adsorption of 
Cu (II) from aqueous solution by using 
modified Fe3O4 magnetic nanoparticles. 
Desalination 2010; 254(1):162-9. 

 
[2] Amuda O, Giwa A, Bello I. Removal of 

heavy metal from industrial wastewater 
using modified activated coconut shell 
carbon. Biochem Eng J. 2007;36(2):174-
81. 

 
[3]  Monser, L., & Adhoum, N. Modified 

activated carbon for the removal of 
copper, zinc, chromium and cyanide from 
wastewater. Separation and Purification 
Technology 2002;26(2-3):137-46. 

 
[4] Naiya TK, Bhattacharya AK, Mandal S, 

Das SK. The sorption of lead (II) ions on 
rice husk ash. J Hazard Mater. 
2009;163(2):1254-64. 

 
[5] Chakravarti A, Chowdhury S, 

Chakrabarty S, Chakrabarty T, 
Mukherjee D. Liquid membrane multiple 
emulsion process of chromium (VI) 
separation from waste waters. Colloid 
Surface 1995;103(1):59-71. 

 
[6] Anirudhan T, Divya L, Ramachandran M. 

Mercury (II) removal from aqueous 
solutions and wastewaters using a novel 
cation exchanger derived from coconut 
coir pith and its recovery. J Hazard Mater 
2008;157(2):620-7. 

 
[7] Bhatnagar A, Vilar VJ, Botelho CM, 

Boaventura RA. Coconut-based 
biosorbents for water treatment-a review 
of the recent literature. Adv Colloid 
Interfac 2010;160(1):1-15. 

 

[8] Rafatullah M, Sulaiman O, Hashim R, 
Ahmad A. Adsorption of methylene blue 
on low-cost adsorbents: a review. J 
Hazard Mater 2010;177(1):70-80. 

 
[9] Tan I, Ahmad AL, Hameed B. 

Adsorption of basic dye on high-surface-
area activated carbon prepared from 
coconut husk: Equilibrium, kinetic and 
thermodynamic studies. J Hazard Mater. 
2008;154(1):337-46. 

 
[10] Mohammed A, Abdullah and Devi 

P.A.G. Kinetic and Equilibrium studies 
for the Biosorption of Cr(VI) from 
Aqueous Solutions by Potato Peel Wast. 
Journal of Chemical Engineering 
research. 2009;1:51-62. 

 
[11]  Can.C and Jianlong.W. Removal of Pb2+, 

Ag+,Cs+ and Sr2+ from aqueous solution 
by brewery’s waste biomass. Journal of 
Hazardous Materials 2007;151:65-70. 

 
 [12]  Jain, A., R. Balasubramanian & M. P. 

Srinivasan. Hydrothermal Conversion of 
Biomass Waste to Activated Carbon with 
High Porosity: A Review. Chemical 
engineering Journal 2016;283:789-805. 

 
[13]  Alslaibi TM, Abustan I, Ahmad MA, 

Foul AA. A Review: Production of 
Activated Carbon from Agricultural 
Byproducts via Conventional and 
Microwave Heating. Journal of Chemical 
Technology and Biotechnology 
2012;88:1183-90. 

 
[14] Al-Qodah Z, Shawabkah R. Production 

and Characterization of Granular 
Activated Carbon from Activated Sludge. 
Brazilian Journal of Chemical 
Engineering 2009;26(1):127-36. 

 
[15]  Ahmad F, Wan Daud WMA, Ahmad 

MA, Radzi R. Cocoa (Theobroma cacao) 
Shell-based Activated Carbon by CO2 
Activation in Removing of Cationic Dye 
from Aqueous Solution: Kinetics and 
Equilibrium Studies. Chemical 
Engineering Research and Design 
2012;90:1480-90. 

 



S. Azad et al. | Science & Technology Asia | Vol.27 No.3 July – September 2022 

83 

[16] Marsh H, Reinoso FR. Characterization 
of Activated Carbon by Harry Marsh and 
Francisco Rodríguez Reinoso. Oxford: 
Elsevier Ltd. 2006;143-242.  

 
[17]  Yahya MA, Al-Qodah Z, Ngah CWZ. 

Agricultural Bio-Waste Materials as 
Potential Sustainable Precursors used for 
Activated Carbon Production: A Review. 
Renewable and Sustainable Energy 
Reviews 2015;46:218-35. 

 
[18]  Ilomuanya MO, Nashiru B, Ifudu ND, 

Igwilo CI. Effect of Pore Size and 
Morphology of Activated Charcoal 
Prepared from Midribs of Elaeis 
guineensis on Adsorption of Poisons 
using Metronidazole and Escherichia coli 
O157:H7 as a Case Study. Journal of 
Microscopy and Ultrastructure 
2016;104:1-7. 

 
[19]  Jodeh S, Abdelwahab F, Jaradat N, 

Warad I, Jodeh W. Adsorption of 
Diclofenac from Aqueous Solution using 
Cyclamen Persicum Tubers Based 
Activated Carbon (CTAC). Journal of the 
Association of Arab Universities for 
Basic and Applied Sciences 2016;20:32-
38. 

 
[20]  Bonvin F, Jost L, Randin L, Bonvin E, 

Kohn T. Super-Fine Powdered Activated 
Carbon (SPAC) for Efficient Removal of 
Micro-Pollutants from Wastewater 
Treatment Plant Effluent. Water Research 
2016;90:90-6. 

 
[21] Abdel-Ghani, Ghadir A. El-Chaghaby. 

Biosorption for Metal Ions Removal 
From Aqueous Solutions: A Review Of 
Recent Studies. Intl J. of Latest Research 
in Science and Technology 2014;3(1):24-
42 

 
[22]  Demirbas A. Heavy metal adsorption 

onto agro-based waste materials: a 
review. J Hazard Mater 2008;154(1-
3):337-46. 

 
[23]  Chen, Y, Zhu, Y, Wang Z, Li Y, Wang L, 

Ding L, Gao X, Ma Y, Guo Y. 
Application studies of activated carbon 

derived from rice husks produced by 
chemical-thermal process - A review. 
Advances in Colloid and Interface 
Science 2011;163(1):39-52.  

 
[24]  Kumar A, Jena HM. Removal of 

methylene blue and phenol onto prepared 
activated carbon from Fox nutshell by 
chemical activation in batch and fixed-
bed column. Journal of Cleaner 
Production 2016;137:1246-59.  

 
[25]  Shawabkeh, R. A., Z. Aslam & I. A. 

Hussien. Thermochemical Treatment of 
Fly Ash for Synthesis of Mesoporous 
Activated Carbon. Journal of Thermal 
Analysis and Calorimetry 2015;122:1-12. 

 
[26]  Aji MM, Gutti B, Highina BK. 

Production and Characterization of 
Activated Carbon from Groundnut Shell 
Sourced in Maiduguri. Columban Journal 
of Life Science 2015;17 (1):18-24. 

 
[27]  Łukaszewicz JP, Zieliński K. Durability 

and Narrow Pore Size Distribution (PSD) 
of Carbons Fabricated from Salix 
viminalis Wood. Chemical and Process 
Engineering 2011;32(3):195-201. 

 
[28]  Mak SM, Tey BT, Cheah KY, Siew WL, 

Tan KK. The effect of mechanical 
grindingon the mesoporosity of steam-
activated palmkernel shell activated 
carbons. Journal of Chemical Technology 
and Biotechnology 2009;84:1405-11. 

 
[29]  Nakagawa Y, Molina-Sabio M, 

Rodrı´guez-Reinoso F. Modification of 
the porous structure along the preparation 
of activated carbon monoliths with H3PO4 
and ZnCl2. Microporous and Mesoporous 
Materials 2007;103:29-34. 

 
[30]  Ahmad MA, Alrozi R. Removal of 

Malachite Green Dye from Aqueous 
Solution Using Rambutan Peel-Based 
Activated Carbon- Equilibrium, Kinetic 
and Thermodynamic Studies. Chemical 
Engineering Journal 2011;171:510-6. 

 
 
 



S. Azad et al. | Science & Technology Asia | Vol.27 No.3 July – September 2022 

84 

[31]  Tan IAW, Ahmad AL, Hameed BH. 
Adsorption Isotherms, Kinetics, 
Thermodynamics and Desorption Studies 
of 2, 4, 6-trichlorophenol on Oil Palm 
Empty Fruit Bunch-Based Activated 
Carbon. Journal of Hazardous Materials 
2009;164(2-3):473-82. 

 
[32]  Okman I, Karagöz S, Tay T, Erdem M. 

Activated Carbons from Grape Seeds by 
Chemical Activation with Potassium 
Carbonate and Potassium Hydroxide”. 
Applied Surface Science 2014;293:138-
42. 

 
[33]  Mopoung S. Surface Image of Charcoal 

and Activated Charcoal from Banana 
Peel. Journal of Microscopy Society of 
Thailand 2008;22:15-9. 

 
[34]  Wong KK, Lee CK, Low KS, Haron MJ. 

Removal of Cu and Pb by tartaric acid 
modified rice husk from aqueous 
solutions. Chemosphere 2003;50:23-8.  

 
[35]  Jaman H, Chakraborty D, Saha P. A 

Study of the Thermodynamics and 
Kinetics of Copper Adsorption Using 
Chemically Modified Rice Husk. CLEAN 
Soil Air Water 2009;37:704-11. 

 
[36]  Chandrasekhar S, Satyanarayana KG, 

Pramada PN, Raghavan P, Gupta TN. 
Review Processing, properties and 
applications of reactive silica from rice 
husk—An overview. J. Mater. Sci. 
2003;38:3159-68. 

 
[37]  Kalderis D, Koutoulakis D, Paraskeva P, 

Diamadopoulos E, Otal E, Del Valle JO, 
Fernández-Pereira C. Adsorption of 
polluting substances on activated carbons 
prepared from rice husk and sugarcane 
bagasse. Chem. Eng. J. 2008;144:42-50. 

 
 
 
 
 
 
 
 

[38]  Bansal M, Singh D, Garg V, Rose P. Use 
of agricultural waste for the removal of 
nickel ions from aqueous solutions: 
Equilibrium and kinetics studies. 
Scanning 2009;418:763-76. 

 
[39]  Shahinuzzaman M, Yaakob Z, Sani NA, 

Akhtar P, Islam Md. Z, Mimi Mst. A, 
Shamsudin SA. Optimization of 
extraction parameters for antioxidant and 
total phenolic content of ficus carica L. 
Latex from White Genoa cultivar. Asian 
J. Chem 2019;31:1859-65. 

 
[40]  Mckay G, Ho YS, Wase DAJ, Forster CF. 

Study of the sorption of divalent metal 
ions on to peat. Adsorption Science and 
Technology 2000;18(7):637-50. 

 
 [41] Khairul AN, Sukri HM, Ahmad F. 

Removal of methylene blue from aqueous 
solution using cocoa (Theobroma cocao) 
nib-based activated carbon treated with 
hydrochloric acid. Malaysian J. Fund. 
App. Sci. 2018;14(2):193-7. 

 
[42] Azad MS, Hassan MS.  Importance of 

Moringa Oleifera for Wastewater 
Treatment: A Review. International 
Journal of Sustainable Energy 
Development (IJSED), 2020;8(1):415-20. 

 
[43]  Azad MS, Azhari S, Hassan MS.  

Removal of Methylene blue, Escherichia 
coli and Pseudomonus aeruginosa by 
Adsorption Process of Activated Carbon 
Produced from Moringa oleifera Bark. 
Malysian Journal of Science, Health & 
Technology, 2020;7:29-39. 

 
[44] Azad MS,  Hassan MS,  Shahinuzzaman 

M, Azhari, S. Efficiently removal of 
copper and cadmium from wastewater 
using activated carbon produced from 
Moringa oleifera. International Journal of 
Engineering Research & 
Technology, 2020;9:695-706. 


