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Graphical abstract 

 

Abstract 

The batch adsorption technique investigated the efficiency 
of sawdust adsorbent for removing copper ions from 
synthetic solutions. A chemical synthesis process prepared 
the activated sawdust powder, and its surface area and 
pore volume were obtained by BET isotherm analysis. The 
ability of copper ion uptake by activated sawdust powder 
was examined under the characterization study of SEM, 
EDX & FTIR studies. Various isotherm studies checked the 
process of adsorption, and the kinetic studies confirm the 
nature of the adsorption process with sawdust adsorbent. 
Thermodynamic studies were used to analyze the 
endothermic nature of the adsorption process, and 0.3 N 
of H2SO4 acid desorbs 93.27% of copper ions from the spent 
adsorbent. The experimental study confirms the better 
adsorption ability of sawdust powder in the activated 
charcoal form to remove the heavy metal pollution in 
aqueous solutions. 

Key words: Biosorption, sawdust powder, copper ions, 
isotherm & kinetic studies. 

1. Introduction 

Water pollution is one of the emerging problems we are 
still facing from earlier days. Clean water is essential to all 

living creatures for their survival. Changes in water's 
physical and chemical characteristics create harmful 
effects on humans and animals. Due to the rapid growth of 
industrial activities and a huge amount of product 
production, the industries used clean water for 
manufacturing and cleaning purposes (Sasireka et al., 
2021). Many pollutants such as dyes, heavy metals, 
bacterial growth and other non-degradable elements have 
been presented in the industrial effluent, contaminating 
the natural water bodies while discharging from the 
industries. Among these pollutants, heavy metals play an 
important role in water pollution released from tanneries, 
electroplating and pulp & paper industries (Halim et al., 
2019). Heavy metal ions released from the industries, such 
as cadmium, copper, chromium, arsenic, lead, etc., 
accumulate in effluents. These are very  
harmful to the surroundings and create severe effects even 
in very low concentrations. Consumption of polluted water 
may create long-term effects on all living beings and 
increases the severity of the surrounding environment. 

Developing an innovative treatment process at a very low 
cost has been a basic need in recent days, and many 
treatment technologies are available to treat the primary 
pollutants in the water. Chemical precipitation, Membrane 
filtration, Ion exchange, Adsorption, Coagulation and 
flocculation are the most common treatment methods 
available to remove the non-degradable toxic pollutants 
from wastewater. Among these methods, adsorption has 
been used widely recently, and no secondary sludge was 
developed during the treatment process (Batagarawa et 
al., 2019). Selecting the adsorbate material is one of the 
important techniques to increase the efficiency of the 
adsorption rate. Many organic and inorganic materials 
were used, such as groundnut shells, orange & banana 
peels, Seeds of various plants, Fly ash and, industrial 
sewage sludge etc (Yahya et al., 2020). In this research, 
sawdust powder activated carbon has been used to remove 
the copper (Cu2+) metal ion concentrations from the 
synthetic solutions using the batch adsorption technique. 
The maximum allowable limit of copper metal ion is 
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1.3 mg/L for drinking water, 1 mg/L for sewage systems and 
0.25 mg/L for water reuse. The sawdust adsorbent is an 
organic material available in local sawmills produced 
during the process of wood furniture and other related 
materials. It is a waste product for fire resistance material 
produced in large quantities while processing the woods 
and it has very high stability in temperature (Alam Khan et 
al., 2022). Hence, it is decided to use this material to 
remove the copper ion concentration from the synthetic 
solution. The adsorption process was conducted through 
batch mode, and the performance of prepared adsorbent 
material has been evaluated in various characterization 
techniques. Table 1 represents the various heavy metal 
ions and their adsorption using a sawdust-based adsorbent 
material. 

2. Materials and methods 

2.1. Stock solution & adsorbent preparation 

For stock solution preparation, 100 mg of copper sulphate 
(CuSO4. 5H2O) powder was added with 1 lit of distilled 
water to make the concentration 100 mg/L. For batch 
studies, the concentration was adjusted based on the 
experimental needs. For adsorbent preparation, the 
sawdust was collected in the local sawmills and washed 
several times to eliminate the dust and other particles. The 
sample was dried in sunlight for up to 10 hours and placed 
in the muffle furnace for 24 hours at a temperature of 
200°C. The charcoal adsorbent was taken from the oven 
and washed with double distilled water to eliminate the 
pollutants and other materials. Then, the adsorbent 
material was placed in an oven for further heating at 80°C 
and taken for batch experimental studies. 

Table 1. Research works conducted using sawdust-based adsorbents 

S. No. 
Type of 

pollutant (s) 

Metal ion 

uptake 

Ion 

concentration 
Ideal pH adsorbent dose 

Time of 

contact 
Reference 

1. Cu2+ 64.37% 20 mg/L 2.0 0.6 g/L 90 min In this study 

2. Cr6+ 71.29% 4 mg/L 3.0 5 g/L 60 min Sirusbakht et al., 2018 

3. Fe2+ & Mn2+ 87% 300 mg/L 5.0 300 mg/10 mL 150 min Jatinder et al., 2018 

4. Zn2+ 90% 10 mg/L 5.0 0.5 gm 60 min Pragati et al., 2015 

5. Pb2+ 99.63% 100 ml 5.0 0.25 g 30 min Khalid et al., 2019 

6. Cu2+ 91.74 mg/g 30 mg/L 4.0 1 g/L 60 min Eleryan et al., 2022 

7. Cr3+ 65.83% 20 mg/L 5.0–7.0 1 g/L 60 min Gunatilake et al., 2016 

 

2.2. Characterization of activated sawdust powder 

The surface area of activated sawdust powder was 
evaluated using the process of nitrogen adsorption at -
196°C temperature. The activated adsorbent was allowed 
to heat at 300°C for 5 hours to remove the gas molecules, 
and Brunauer calculated the vacuum and the area of the 
surface–Emmett–Teller (BET) analysis. The relationship of 
Dubinin–Radushkevich (D–R) process the micro and meso 
pores and their sizes were obtained using the equation 1. 

= −   m BET uS S S  (1) 

Here, Sm and Su represent the adsorbent's average micro 
and meso pore sizes and the SBET average surface area 
obtained from BET analysis. Under the relative pressure of 
P/Po∼0.99, the pore volume (VT) and amount of liquid 
nitrogen were obtained, and the volume of micro and meso 
pores was calculated using equation 2.  

= −   m T uV V V  (2) 

The pore distribution of the prepared adsorbent was 
evaluated by Barrett–Joyner–Halenda (BJH) model using 
the mean pore diameter DP. Equation 3 can be used to find 
out the mean diameter of sawdust powder.  

=
4 
  T

P

BET

V
D

S  (3) 

FTIR analyses were performed with 20 mg/L initial Cu2+ ion 
concentration, pH of 6.0 and 1 gm of activated sawdust 
powder to check the presence of various functional groups 
in the prepared adsorbent. The solution was placed in the 

shaker and shaken for 3 hours at 200 rpm speed to attain 
the proper mixing without forming any flocs. Then the 
sample was allowed into a complete settlement, and the 
final suspension was taken into the other experimental 
process. The FTIR range was fixed at the interval of 4 cm-1, 
and the analysis was performed within 400 – 4000 cm-1 
band level with 20 scans. Scanning Electron Microscopic 
(SEM) analysis was conducted to confirm the presence of 
pollutants on the adsorbent’s surface, and the Energy 
Dispersive X-ray analysis was used to check the presence of 
targeted pollutant adsorption on the activated sawdust 
charcoal surface. 

2.3. Batch isotherm studies 

The efficiency of adsorption using activated sawdust 
charcoal powder has been evaluated by varying the 
parameters such as pH, adsorbent dose, contact time, 
initial concentration of metal ion solutions and 
temperature. Keeping the other parameters at a constant 
level and adjusting the pH from 2.0 to 7.0, the impact of 
changes in adsorption efficiency was evaluated to 
determine the optimum pH level. Similarly, the impact of 
adsorption efficiency was evaluated by changing the metal 
ion concentrations from 20 – 100 mg/L and keeping the 
other parameters at a constant level with optimum pH. To 
find the optimum level of adsorbent dose, the 
concentration of activated sawdust powder was adjusted 
from 0.5 to 2.5 g/L, and the contact time between 
adsorbent and adsorbate was varied from 10 to 120 
minutes. The suspension was allowed into continuous 
stirring for up to 1 hour to reach the equilibrium condition. 
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The number of copper ions adsorbed by the adsorbent was 
calculated using equation 4 at the equilibrium time.  

( )−
=

o t

t

C  C  V
q     mg / g

m  (4) 

Here, the number of copper metal ions adsorbed by the 
sawdust adsorbent was denoted by qt, Ct denoted the 
concentration of adsorption study, the volume of copper 
ion solution was denoted by V, and the mass of the system 
was represented by m. The metal ion-containing solution 
was placed in a shaker another 5 minutes after the 
equilibrium time of 1 hour and allowed for identifying the 
concentration level using AAS (AA6300). Each analysis was 
done up to 2 times to get the concurrent value, and the 
mass balance of the adsorption system can be evaluated by 
using equation 5.  

 −
=  
 

o e

o

C  C
% Removal   X 100

C  (5) 

Here, the Co and Ce represent the initial and final 
concentrations of copper ion-containing solution at the 
equilibrium time. 

2.4. Isotherm studies 

During the equilibrium conditions, the isotherm studies 
evaluated the transmission of adsorbate from the solution 
to the adsorbent phase with the help of mathematical 
equations. Isotherm studies identified the adsorption sites 
& molecules and their interaction (Langeroodi et al., 2018). 
The following types of isotherm studies were used in this 
work to determine the behavior of sawdust charcoal 
powder with the targeted metal ion uptake. 

2.4.1. Langmuir isotherm 

The gas & adsorbent phases and their equilibrium were 
explained by the Langmuir isotherm study based on the 
fluid and solid concentrations. Also, the process of 
adsorption changes has been described in this study. 
According to Langmuir's isotherm study, the adsorption 
process follows monolayer type on the activated adsorbent 
surface at the time of relative pressure and heterogeneous 
nature (Benjelloun et al., 2021). The basic assumption of 
this model is the binding mechanism of copper ions, and 
sawdust adsorbent happens through chemical reactions. 
The linear equation of this isotherm study can be expressed 
in equation 6. 

= +
1

 
.

e e

e max max

C C

q K q q  (6) 

Ce denoted the concentration of the solution, the number 
of copper ions adsorbed per gram was denoted by qe, and 
the constants of this model related to capacity and 
intensity were represented by K & qmax. 

2.4.2. Freundlich isotherm 

At a given temperature of 30°C, the adsorption variations 
in the adsorbed gas amount by unit mass of activated 
charcoal adsorbent were examined through the system 
pressure. This isotherm study has allowed multiple-layer 

adsorption based on the heterogeneous nature of the 
metal ion uptake process (Amit Kumar et al., 2022). The 
linear equation of the Freundlich isotherm model can be 
expressed in equation 7.  

= + 

1
ln ln   lne f eq k C

n  (7) 

The quantity of adsorbate adsorbed per gram was denoted 
by qe, the Energy of adsorption was denoted by n, Kf 
denoted the Adsorption capacity, and Ce represented the 
solution’s equilibrium concentration. 

2.4.3. Sips isotherm 

The combined process of the Langmuir and Freundlich 
isotherm model is called the sips model and can be used for 
heterogeneous site prediction within the limiting behavior 
(Yaseen et al., 2018). This study completely ignored the 
adsorbate concentration and followed the monolayer 
adsorption process. The linear equation of this isotherm 
study can be expressed in equation 8.  

 
= + 

 

1

1 1 1 1
       

n

e max s e maxq Q K C Q  (8) 

The capacity of adsorption and constant of equilibrium was 
denoted by Qmax & Ks, and the heterogeneity factor was 
represented by n. 

2.5. Kinetic studies 

The detailed description of the solute release rate from the 
aqueous medium to the solid interface based on the given 
optimum adsorption parameters has been investigated 
through adsorption kinetic studies (Fideles et al., 2019). 
This study obtained the process of adsorption due to weak 
or strong forces. The following common kinetic studies 
have been used in all kinds of adsorption to check the 
process, either physical or chemical mode. 

2.5.1. Pseudo first order study 

Within the solid and liquid systems, a solid adsorption 
capacity was developed. This has been evaluated by the 
pseudo-first-order or Lagergren model based on the 
assumption that the driving force is directly proportional to 
the metal ion desorption (Venkatraman et al., 2021). The 
copper ion uptake by sawdust charcoal powder has been 
evaluated using the differences in initial and equilibrium 
concentrations (qe & qt). The pseudo-first-order kinetic 
model can be expressed in equation 9.  

= − ( )e
e t

t

dq
k q q

dq  (9) 

Applying the boundary conditions in equation 9, the metal 
ions adsorbed by sawdust charcoal powder were evaluated 
by calculating qe & qt. 

The equation 9 can be rearranged to equation 10 after 
applying the boundary conditions.  

( )− = −log  
2.303

e e

k
q q logq t  (10) 
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2.5.2. Pseudo second order study 

The availability of active sites in the activated sawdust 
charcoal adsorbent is directly proportional to the amount 
of copper ions adsorption. Based on this assumption, the 
pseudo-second-order study was used to evaluate the 
performance of the adsorption process. The equation for 
the Pseudo 2nd order kinetic model can be expressed in 
equation 11.  

= − 2( )
q

e

t

d
k q q

d  
(11) 

The boundary conditions of t = 0 to t > 0, and q = 0 to q > 0 
has been applied in the equation 11 and this can be 
rearranged to equation 12.  

= +
1 1
     

e

t
t

q h q  (12) 

The initial adsorption rate was denoted by h = kqe
2; the rate 

constant was denoted by k. The constants of qe, k and h 
were evaluated by using the linear plots of this model. 

 

Figure 1. BET adsorption isotherm study of activated sawdust 

powder 

3. Results and discussion 

3.1. Surface area and pore distribution 

Figure 1 shows the isotherm curve of adsorption and 
desorption rate of nitrogen at -196°C to evaluate the size 
of pores and surface area of activated sawdust charcoal 
adsorbent. Referring to Figure 1, it was confirmed that the 
process of adsorption followed the type – II category, 
indicating the presence of micro and meso pores (Saruchia 
et al., 2019). The first curve indicates the produced 
adsorbent has micropores, and the second curve indicates 
the presence of meso pores in the sawdust adsorbent. The 
size of meso and micropores of sawdust adsorbent powder 
is listed in Table 2, and the surface area of activated 
sawdust powder is 4.25 m2/g, which is lower than the other 
commercial activated carbons. 

3.2. FTIR 

The presence of functional groups has been evaluated 
using FTIR studies to check the ability to adsorb metal 
pollutants from aqueous solutions. Figure 2 (a) & (b) shows 
the FTIR image of raw and activated sawdust charcoal 
powder with various functional groups. The very high 

bandwidth energy from 3420 cm-1 to 2860 cm-1 produced 
in the analysis may confirm the presence of -OH and -CH2 
functional elements. The bandwidth from 1800 – 1000 cm-

1, various elements such as water at 1620 cm-1, vibrations 
due to aromatic compounds at 1600 – 1400 cm-1, bending 
vibrations due to -CH2 element at 1400 – 1380 cm-1 and 
vibrations due to C-O stretching at 1080 cm-1 were 
identified. Also, the aromatic ring vibrations were observed 
at 1000 cm-1 level due to -C-H bending, and in lower 
frequency levels, the -OH stretching may be developed. 
The bandwidth and stretching vibrations of the adsorbent 
confirm the presence of various functional groups and its 
ability to adsorb the pollutants from aqueous solutions 
(Ambaye et al., 2021). 

 

Figure 2. FTIR spectrum of (a) Raw adsorbent & (b) Activated 

charcoal adsorbent 

Table 2. Pore characteristics of raw and activated sawdust 

powder 

S.No Description 
Activated Sawdust 

biochar 

1. BJH surface area (m2/g) 81.273 

2. Pore volume (cc/g) 0.121 

3. Pore Radius (Å) 33.572 

4. BET surface area (m2/g) 4.25 

5. Average pore diameter 

(nm) 

0.061 

3.3. SEM analysis 

The scanning electron microscope image of activated 
charcoal adsorbent before and after metal ion uptake was 
shown in Figure 3 (a) & (b), respectively. Before passing the 
metal ion-containing solution into the adsorbent, many 
active sites were available on the adsorbent’s surface 
(Figure 3a). These active sites play an important role in 
receiving the pollutants from the aqueous medium. The 
copper ion-containing solution was allowed into the 
sawdust adsorbent and allowed for the adsorption process 
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up to the saturation time. Figure 3b shows the SEM image 
of activated saw dust adsorbent’s surface after the copper 
ion uptake. Many active sites were filled with pollutants on 
the surface of the adsorbent, and there were no vacant 
sites available after the saturation point (Priya et al., 2022). 
The pollutants were settled at the top of the adsorbent 
surface and formed a cloud shape showing the process of 
adsorption. 

 

Figure 3. SEM image of activated sawdust charcoal powder (a) 

Before Cu2+ adsorption & (b) After Cu2+ adsorption 

3.4. EDX analysis 

 

Figure 4. EDX images of activated sawdust charcoal powder (a) 

Before Cu2+ adsorption & (b) After Cu2+ adsorption 

The adsorption of copper metal ions on the surface of the 
adsorbent was evaluated by EDX analysis. Figure 4 (a) & (b) 
shows the EDX images of sawdust adsorbent before and 
after copper metal ion uptake from the aqueous solutions. 
The EDX image of sawdust adsorbent before copper ion 
uptake shows various organic and inorganic elements such 
as carbon, oxygen, calcium etc. Figure 4b shows the EDX 
image of sawdust adsorbent after passing the metal ion 
solutions, and the presence of targeted metal ion (Cu2+) 
was observed by referring to the image. Furthermore, the 
other organic and inorganic elements, such as Ca, Si, Fe 
etc., was observed from the EDX analysis. 

3.5. Impact of adsorption by varying pH 

The initial concentration of copper metal ion-containing 
solution was taken in 20 mg/L with 1 g/L activated sawdust 
powder dose, contact time of 60 minutes, and temperature 
of 30°C. The effect of metal ion adsorption efficiency was 
investigated by varying the pH from 2.0 to 7.0. The changes 
in adsorption efficiency by varying the pH of metal ion-
containing solution was shown in Figure 5. When the pH of 
the metal ion solution is very low, the maximum amount of 
copper metal ions was observed an increase in pH can 
reduce the metal ion adsorption from the synthetic 
solution. During the low pH, the positively charged ions can 
react with negatively charged particles which may increase 
the rate of adsorption (Feszterová et al., 2021). The 

hydroxide precipitation is very high in the higher pH values, 
which reduces the amount of copper metal ion uptake from 
aqueous solutions. Around 63.25% of copper metal ions 
were observed at an optimum pH level of 2.0 in this batch 
study. 

 

Figure 5. Impact of chromium metal ion uptake by varying the 

pH 

3.6. Impact of adsorption by varying adsorbent dose 

Taking the optimum pH of 2.0 and fixing the concentration 
of copper ion solution at 20 mg/L with a contact time of 60 
minutes and temperature of 30°C, the activated sawdust 
charcoal powder dose was adjusted from 0.1 to 1 g/L for 
this study. The effect of copper ion uptake by varying the 
adsorbent dose is shown in Figure 6. During the initial 
stages, the metal ion uptake by the adsorbent was rapid, 
and a sudden decrement was noticed after 0.6 g/L of 
adsorbent dose. At higher concentrations of adsorbent 
dose, the availability of active sites is high, increasing the 
amount of pollutant uptake in aqueous solutions (Pholosi 
et al., 2019). After the saturation point, the active sites are 
filled with pollutants, and there are no vacant sites on the 
adsorbent’s surface. About 65.05% of copper metal ions 
were removed at an optimum dose of 0.6 g/L, and beyond 
that, the concentration gradient was developed at higher 
dose levels, reducing the copper ion uptake. 

 

Figure 6. Impact of chromium metal ion uptake by varying the 

adsorbent dose 
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3.7. Impact of adsorption by varying the ion concentration 

The copper metal ion concentrations in synthetic solution 
were adjusted from 20 to 100 mg/L, and the contact time 
was fixed at 60 minutes under 30°C temperature the 
impact of copper ion uptake by sawdust adsorbent has 
been investigated with optimum pH of 2.0 and adsorbent 
dose of 0.6 g/L. Figure 7 shows the impact of copper 
adsorption by varying the concentrations of metal ions in 
aqueous solutions. The maximum amount of adsorption 
was achieved by decreasing the concentrations of metal 
ion solutions because of the very low availability of active 
sites in sawdust powder. The adsorption efficiency 
gradually decreased with an increase in initial metal ion 
concentrations, indicating a high number of pollutants and 
a very low number of active sites (Yogeshwaran et al., 
2021). With further increase in metal ion concentrations, 
copper metal ion uptake efficiency reached the saturation 
level, and after that, there were no changes in metal ion 
removal. Based on the experimental investigations. 20 
mg/L concentrated copper metal ion containing solution 
provides maximum adsorption efficiency using sawdust 
powder. 

 

Figure 7. Impact of chromium metal ion uptake by varying 

Adsorbate Concentration 

 

Figure 8. Impact of chromium metal ion uptake by varying 

contact time 

3.8. Impact of adsorption by varying the contact time 

The time of contact between copper metal ion solution and 
activated sawdust adsorbent has been adjusted from 10 to 

180 minutes with optimum pH of 2.0, a concentration of 20 
mg/L, and an adsorbent dose of 0.6 g/L at 30°C. Figure 8 
shows the variations in adsorption efficiency by adjusting 
the contact time. During the initial time, metal ion uptake 
was rapid because of highly active site availability in the 
adsorbent. Later, the active sites were filled with 
pollutants, and no vacant sites were available on the 
adsorbent’s surface. Due to this, the metal ion uptake was 
reduced after 90 minutes. A sudden drop in metal ion 
uptake was noticed, and the adsorption reached saturation 
(Dulla et al., 2020). There is no metal ion uptake was seen 
after the saturation point. 

3.9. Impact of adsorption by varying the temperature 

 

Figure 9. Impact of chromium metal ion uptake by varying 

temperature 

Temperature plays an important role in the efficiency of 
adsorption. In this study, the copper metal ion solution 
temperature was adjusted from 15 to 60°C with optimum 
pH of 2.0, copper ion concentration of 20 mg/L, contact 
time of 90 minutes and sawdust charcoal dose of 0.6 g/L. 
Figure 9 shows the efficiency variations of copper metal ion 
uptake by adjusting the temperature. The maximum 
efficiency of copper ion adsorption was attained at 30°C; 
beyond that, the efficiency rate was gradually decreased 
and attained the equilibrium state. Due to the increase in 
desorption rate, the decrement in metal ion uptake 
happened (Hong et al., 2020). 

3.10. Impact of adsorption by varying the adsorbent 
particle size 

The particle size variations also affect the efficiency of the 
adsorption process in batch mode. To check the efficiency 
variations of copper ion uptake, the size of adsorbent 
particles was adjusted to 10, 25, 40 & 65 µm levels, and the 
effect of this study is shown in Figure 5f. The other 
optimum parameters were taken from previous studies, 
and the effect was analyzed under various particle sizes. 
Referring to Figure 10, the maximum adsorption rate was 
achieved in low particle size (10 µm), and a further increase 
in particle size reduces adsorption efficiency. Due to the 
surface area available, the adsorption process and its 
efficiency will be increased or decreased. The size of 
adsorbate particles was increased, the surface area was 
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decreased, and it was very difficult to adsorb the pollutants 
(Bayuo et al., 2019). Due to this reason, the metal ion 
uptake was reduced in large particle size. 

 

Figure 10. Impact of chromium metal ion uptake by particle size 

3.11. Isotherm studies 

3.11.1. Langmuir isotherm study 

 

Figure 11. Adsorption isotherm plots of Langmuir Model 

 

Figure 12. Adsorption isotherm plots of Freundlich Model 

The Langmuir isotherm linear plot (Ce/qe vs Ce) was shown 
in Figure 11, and the values of capacity & intensity of 
adsorption (k, qmax) were calculated from the slope and 
deflection of the linear plot. Table 3 shows the various 
parameters of the Langmuir isotherm model, and the 
separation parameter obtained in this study is 0.0037, 
which lies between 0 to 1. The regression value of the linear 
plot is about 0.9764; is greater than 0.95 may confirm the 
favorable adsorption process following the monolayer 
metal ion uptake with heterogeneous nature (Malima et 
al., 2021). 

3.11.2. Freundlich isotherm study 

Figure 12 shows the linear plot of the Freundlich isotherm 
study (ln qe vs ln Ce), and the energy & capacity of 
adsorption (n & Kf) values were obtained from slope and 
deflection values from the linear plot. The adsorption 
capacity (n) value is 3.284, which lies between 0 and 1, 
which may authorize the physical adsorption process of 
copper ions by sawdust powder adsorbent (Wang et al., 
2022). The regression value is more than 0.95, and the 
process of adsorption follows both monolayer and 
multilayer adsorption process. 

 

Figure 13. Adsorption isotherm plots of Sips Model 

 

Figure 14. Kinetic plots of Pseudo 1st order model for copper ion 

uptake using activated sawdust charcoal powder 

 

Figure 15. Kinetic plots of Pseudo 2nd order model for copper ion 

uptake using activated sawdust charcoal powder 
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3.11.3. Sips isotherm study 

Sips model linear plot was shown in Figure 13, and the 
heterogeneity factor (n) value & regression values obtained 
from the linear plot are represented in Table 3. The 
heterogeneity factor decides the process of adsorption 

follows heterogeneous/homogeneous nature. The R2 value 
of the kinetic plot is more than 0.95 may confirm the fitting 
of this isotherm model. If the n value is less than 1, the 
adsorption process follows Freundlich fit and n=1; the 
process follows the Langmuir isotherm fit. 

Table 3 Adsorption isotherm constants for copper ion uptake using activated sawdust charcoal powder 

S. No. Model Parameters Calculated values 

1. Langmuir 

qmax 10.353 

KL 0.434 

R2 0.9764 

2. Freundlich 

Kf 2.895 

n 3.143 

R2 0.9962 

3. Sips 

KS 16.8235 

βS 1.4923 

aS 0.6012 

R2 0.9665 

Table 4 Adsorption kinetic constants of Cu2+ uptake using activated sawdust charcoal powder 

S. No. Conc. (mg/L) 

Pseudo 1st order Pseudo 2nd order 

K (min-1) qe, cal (mg/g) R2 
K (g/mg. 

min) X 10-3 

qe, cal 

(mg/g) 

h 

(mg/g.min) 
R2 

1. 20 0.037 1.96 0.97 18.15 2.18 0.13 0.95 

2. 40 0.049 5.49 0.95 15.27 5.39 0.17 0.96 

3. 60 0.062 8.49 0.96 10.54 8.48 0.23 0.95 

4. 80 0.053 11.38 0.97 5.49 10.24 0.26 0.96 

5. 100 0.041 15.25 0.96 2.53 12.53 0.32 0.97 

Table 5. Thermodynamic constants of Cu2+ metal ion adsorption using sawdust powder 

Initial Cu2+ 

Concentration in mg L-1 

Enthalpy (∆H°) KJ 

mol-1 
Entropy (∆S°) J mol-1 

Gibbs Energy (∆Go) kJ mol-1 

15°C 30°C 45°C 60°C 

20 78.349 178.392 -15.201 -11.634 -9.853 -7.285 

40 40.298 90.536 -11.592 -9.482 -7.034 -6.384 

60 19.784 46.024 -9.293 -6.349 -5.895 -4.895 

80 13.029 30.265 -6.353 -4.839 -3.473 -3.027 

100 9.483 23.593 -4.685 -3.253 -2.845 -2.348 

 

3.12. Kinetic studies 

3.12.1. Pseudo first order studies 

The kinetic plot of pseudo first order study [(qe – q) vs t] 
was shown in Figure 14, and the constants of this kinetic 
model are represented in Table 4. For this study, the 
concentration of copper ions in the synthetic solution was 
adjusted from 20 – 100 mg/L, and the impact on the 
amount of adsorption was investigated. The regression 
value of the Lagergren kinetic plot is more than 0.95, which 
indicates the fitting of this kinetic study with the adsorption 
process and the constant ‘k’ was obtained and listed in 
Table 4. Based on the regression values, the model 
indicates the process of adsorption reached the saturation 
point, and there was no further metal ion uptake happened 
after that (Uduakobong et al., 2020). 

3.12.2. Pseudo second order studies 

The linear plot of this kinetic model (t/q vs t) was shown in 
Figure 15, and the constants were calculated and listed in 
Table 4. The second-order study was similar to first-order 
studies with a copper ion concentration of 20 – 100 mg/L. 
The pseudo-second-order study was good in agreement 

with the copper metal ion adsorption process, and the 
regression value is more than 0.95, indicating this model's 
applicability. Based on the applicability of both Pseudo first 
and second order kinetic models, it was confirmed the 
adsorption happened in both physical and chemical modes 
throughout the whole process (Candamano et al., 2022). 

3.13. Thermodynamic studies 

The thermodynamic plot of copper metal ion adsorption 
using sawdust powder was shown in Figure 16 with varying 
metal ion concentrations of 20, 40, 60, 80 & 100 mg/L. The 
slope and intersection values (∆Ho and ∆So) obtained from 
the plot are listed in Table 5, along with ∆Go (Gibbs Energy) 
values. The enthalpy (∆Ho) values were found to be positive 
with negative Gibbs energy (∆Go) values, indicating the 
endothermic reaction of the copper ion adsorption process 
due to the spontaneous nature of activated sawdust 
charcoal powder. The entropy (∆So) values found to be 
positive in Table 5 indicate the solid and liquid uncertainty 
of metal ion adsorption using activated biochar adsorbent 
(Phuengphai et al., 2021). 
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Figure 15. Kinetic plots of Pseudo 2nd order model for copper ion 

uptake using activated sawdust charcoal powder 

 

Figure 16. Thermodynamic plot of Cu2+ metal ion adsorption 

using sawdust powder 

3.14. Desorption studies 

In desorption studies, the copper ions adsorbed by the 
activated saw dust powder was recovered using 
concentrated sulfuric acid with various concentrations of 
0.1 – 0.4 N. The copper metal ion recovery was very high by 
increasing the concentration of sulfuric acid up to 0.3N. A 
decrease in copper recovery was found with increased 
sulfuric acid concentration. The copper ion recovery 
attained the saturation point by adding 0.3 N of H2SO4, and 
no further increase in ion regaining was observed after that 
equilibrium stage (Ngoc Pham et al., 2021). In this 
experimental study, 0.3 N of H2SO4 acid recovered 93.27% 
of copper ions from the spent adsorbent, and the retrieved 
copper ions were used for further experimental studies. 

4. Conclusion 

Biosorption of copper metal ions from the synthetic 
solution has been investigated using the activated sawdust 
powder. The activated adsorbent removed 65% of copper 
metal ions at the optimum pH of 2.0 with a 0.6 g/L 
adsorbent dose at 90 minutes. Within 90 minutes of 
contact time, 10 µm size activated adsorbent material 
removed the maximum amount of copper ions at 30°C. 
Langmuir, Freundlich and Sips model isotherms were fitted 
well with the adsorption process, and copper metal ion 
uptake by the sawdust adsorbent follows both Pseudo first 

& second order kinetic studies. Based on the isotherm 
studies, the adsorption process follows 
monolayer/multilayer adsorption with heterogeneous 
nature. The positive and negative values of thermodynamic 
constants suggest the uncertainty of solid and liquid 
interactions. The amount of copper metal ions was 
desorbed by adding concentrated sulfuric acid. 
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