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ABSTRACT  

	 In this research, the practical feasibility of sawdust waste products from wood-processing 
industries was evaluated for the elimination of Pb+2 and Co+2 metal ions from mono and binary aquatic 
solutions. The batch method was used to achieve optimum conditions of including the amount of 
sorbent, pH, process time, and concentration of metal ions. The absorptive cycle reported maximum 
removal of lead and cobalt within pH range 6.0 at an initial concentration of 10 mg L–1. Kinetics data 
collected during the adsorption of both metals is better represented in a pseudo-second-order layout. 
The equilibrium of adsorption is based on the concept of Langmuir adsorption layout. Thermodynamic 
parameters demonstrated the feasibility, spontaneity, and endothermic character of heavy metal 
sorption. The sorption of metal ions was verified by instrumental experiments for example scanning 
electron microscope (SEM), energy dispersive X-ray spectrometry (EDX), and Fourier transform 
infrared spectroscopy (FTIR). Thus, sawdust can be an effective material for removing Pb+2 and Co+2 
ions from aquatic solutions. 
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INTRODUCTION 

	 Heavy metal contamination is a fast 
increasing environmental issue across the world 
with the extension to manufacturing practices. The 
commercial usage of metals raises the accumulation 
of metals in air, water, and soil. Trace metals are 
common in the atmosphere and can reach the food 
chain from the atmosphere1. The presence of heavy 
metals in aqueous solutions above a certain limit 

poses a significant danger to the atmosphere due to 
their non-degradability and toxicity. Lead is one of the 
four heavy metals that may inflict significant adverse 
effects on human wellbeing, resulting in damage to 
the lungs, immune system, digestive organs, liver, 
and brain. Lead is commonly used in the manufacture 
of automotive batteries, pigments, paints, plumbing, 
weapons, ceramics industries, etc. Large amounts of 
lead are commonly present in the soil, groundwater, 
and residual waters attributable to these industries2,3.  
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	 Exposure to elevated amounts of cobalt has 
also been linked with negative health effects such as 
neurotoxicological conditions, human genotoxicity, 
and as well as persistent cancer4. The most popular 
therapies for metals recovery from water and waste-
water include electrolysis, ion exchange, chemical 
deposition and reverse osmosis5,6. Nonetheless, 
each of these approaches has disadvantages, such 
as costly activity and chemical sludge production. 
Therefore, it is necessary to develop more reliable 
and cost-effective processes7,8. Adsorption is an 
ideal method to treat polluted water, with advantages 
including reduced costs, increased flexibility, energy 
effectiveness, operating simplicity, and reliability in 
decreasing heavy metal ion concentration to very 
low levels9.  

	 During recent years, sorption has acquired 
more creditability as a technologically feasible and 
economic operation for the removal of toxic metals 
from wastewater10. Sawdust is a useful material, as 
it is created as waste material in vast amounts at 
the sawmill. The sawdust comprises mainly of lignin, 
cellulose and hemicellulose, readily adsorbs heavy 
metal ion impurities present in waste water11,12. Such 
lignocellulosic materials often have ionic charge and 
thus have an ion exchange capacity13,14. In the work 
we described, the sorption potential of sawdust 
in both mono and binary-component systems for 
the elimination of Pb+2 and Co+2 ions. The study 
considered various sorption parameters affecting 
sorption behavior in mono and binary systems, 
including pH influence, a dose of adsorbent and 
the processing time, initial concentration, and 
temperature. 

	 To obtain the best model that fits the sorption 
system, the isothermal and kinetic parameters were 
also determined. 

MATERIAL AND METHODS 

Materials 
	 The sawdust was collected from the nearby 
wood furniture industry used as adsorbent. It was 
washed many times with deionized water to ensure 
that total impurities on the surface were eliminated. 
The washed material was cured for 24 h in an oven 
at of 100°C and then sieved to get a particle of the 
mean size of 0.63 mm and is deposited before use. 
All chemical compounds were analytical standards. 

Heavy metal ion stock solutions (HMI) (1000 mg L-1) 
were derived from Pb(NO3)2 and Co(NO3)2•6H2O. For 
the sorption tests, different required dilutions were 
made with a concentrating stock solution. 

Characterizations  
	 The FTIR study was performed to identify 
the surface functional units of sawdust before and 
after Pb+2 and Co+2 ions adsorption. The sample 
morphologies and sizes were defined by scanning 
electron microscope (SEM JSM-6100 JEOL, Japan, 
SAIF Chandigarh, India) fitted with an energy-
dispersive analyzer of X-ray (EDX) to conduct a 
detailed analysis of the sample. 

Batch sorption Tests and Investigation 
	 Batch sorption tests for mono metal ion 
systems were conducted to explore the impact of 
heavy metal sorption by sawdust in 250 mL conical 
flasks containing 1 g of sawdust with 100 mL of 
Pb+2 and Co+2 solutions (1000 mg L-1). It was sealed 
and stirred on a mechanical stirrer at 120 rpm at 
ambient temperature. The pH-dependent sorption 
study was carried out in addition to a larger pH 
ranging (pH 2−8), controlled via 0.1 M HNO3 and 
NaOH solutions. The sorbent dosage influence was 
examined at a constant pH (6 ± 0.1) with a variable 
dose (0.4-1.8 mg g-1) at ambient temperature. 
Sorption kinetics is conducted by monitoring the 
time of contact of the metal solutions and the sorbent 
at various time periods (10-60 minutes). For the 
analysis of the isotherm of sorption, the initial metal 
concentration ranges between 10-100 mg L-1. The 
influence of temperature was recorded across the 
temperature range of 25−65°C for the sorption tests. 
Upon sorption, the mixtures were passed via filter 
paper Whatman No. 1, and the metal content within 
each flask was measured using atomic absorption 
spectrophotometer (Elico SL168). The binary metal 
analysis was performed to explore the influence of 
both metal ions coexistence on the overall sorption 
potential of the sorbent. Batch experiments were 
followed the same as used in the mono metal ion 
system. Throughout the experiment, although the 
primary concentration of one metal ion in the mixture 
was 10-100 mg L-1, the other metal ion concentration 
stayed unchanged at a steady pH of 6.0. The 
quantity of heavy metal adsorbed to the sorbent was 
estimated using the following equations15: 
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			  (1)   
	
Removal efficiency    	 (2) 

	 Here qe (mg g-1) is the quantity of metal 
sorbed at equilibrium condition, the volume V (mL) 
is of the aqueous medium, C0, and Ce (mg L-1) are 
the initial and equilibrium metal ion concentration, 
and W (mg) is the sorbent weight. 
 

RESULT AND DISCUSSION 

Characterizations of Sorbents 
	 Sawdust particles have been examined by 
SEM-EDX to analyze the morphological structure 
and the chemical composition of the sorbent. The 
SEM pictures of the NSD (natural sawdust), Pb+2 
loaded, and Co+2-loaded sawdust was demonstrated 
by Fig. 1 (a), (b), and (c).  The NSD surface (Fig. 
1(a)) is abundant with an uneven surface with a 
porous composition which is ideal for the trapping 
and adsorbing metal ions into certain pores. Surface 
morphology changes appear to arise when Pb+2 and 
Co+2 ions associate with donor functional units on 
sawdust, as seen in Fig. 1 (b) and (c), separately. The 
chemical analysis of sorbent before and after metal 
sorption is represented in Fig. 2 (a), (b), and (c) of 
the EDX (Analyzer sequence for Hitachi SU8010). 
The appearance of C, O, Al, S, Na, and Ca as natural 
species on the adsorbent be seen from Fig. 2 (a) 
of the sorbent before metal uptake. Yet, according 
to Fig. 2 (b and c), the strong peaks of metal ions 
reflecting the Pb+2 and Co+2 sorption on the surfaces 
of the sorbent. The FTIR spectra of sawdust are 
seen in Fig. 3 (a), (b), and (c) before and after the 
metal ion sorption. The broad absorbance peaks of 
approximately 3311 cm−1 suggest the existence of 
hydroxyl groups that imply the prevalence of phenols 
and alcohols in Fig. 3 (a) of NSD which, is shifted 
to 3345 and 3616 cm−1 after Pb+2 and Co+2 uptake, 
separately (Fig. 3 b and c). The field between 3005 
and 2881 cm-1 indicated the existence of the –CH 
and –CH2 aliphatic framework. This value is moved 
to 2978 cm−1 for Pb+2 and 2976 cm−1 for Co+2. The 
existence of a carbonyl group on the sawdust surface 
was confirmed by the occurrence of a typical peak 
for C = O at ~1736 cm-1, which is wider and sharper 
after metal sorption. The peak of about 1647 cm−1 is 
related to the C=O (amide band primarily a stretching 
band), which changes to 1689 cm−1. The small 

peaks at 1508 cm−1 were linked to C=C aromatic 
stretching, and the tiny peak around ~1229 cm−1 

C-OH stretching vibration of carboxylic acids and 
phenols which, is also shifted after metal uptake.  
FTIR results have shown that –OH is mainly involved 
in metal sorption on sawdust inside the carboxylic, 
phenolic, and amide groups. The sorbent shows a 
series of peaks of absorption, which represent the 
complex structure of sorbent. 

(a)

(b)

(c)

Fig. 1 (a). Scanning Electron Microstructure (SEM) displays 
natural sawdust morphology; (b) SEM picture of sawdust 
after Pb+2 ion sorption; (c) SEM picture of sawdust after 

Co+2 ion sorption 
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(a) (b)

(c)

Fig. 2 (a). EDX spectrum of natural sawdust; (b) EDX spectrum of sawdust after Pb(II) ion sorption; 
(c) EDX spectrum of sawdust after Co(II) ion sorption 

(a) (c)

(c)

Fig. 3 (a). FTIR spectrum of natural sawdust; (b) FTIR spectrum of after Pb+2 ion sorption; (c) FTIR 
spectrum of after Co+2 ion sorption 
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Influence of sorbent Dose and pH 
	 The sorbent dose influence was investigated, 
holding the other experimental conditions constant. 
It was observed that there was a rapid increase in 
percent removal of both metal ions with a dosage raise 
from 0.2 g to 1.0 g, as depicted in Fig. 4, credited to the 
higher availability of sites to bind or surface areas at 
higher sorbent concentrations16. The optimum sorbent 
dosage has therefore been selected at 1.0 g L-1. An 
additional increase in the mass of sorbents above 1.0 
g L-1 did not make a remarkable improvement in the 
removal percentage of the two metal ions.  

	 The pH is one of the key factors for 
governing heavy metal ion sorption17,18. To examine 
the pH impact on the elimination of Pb+2 and Co+2 
ions the pH was changed to 2-8. The experimental 
findings indicate that metals have a high removal 
rate up to pH 6.0. A significant improvement in the 
efficiency of removal of Pb+2 and Co+2 was found in 
addition to a rise in pH from 2.0 to 6.0 and a slight 
decline at pH > 6.0 (Fig. 5). Conversely, at higher pH, 
the H+ concentrations were smaller, so the adsorbent 
surface functional groups deprotonated19, and the 
sorption intensity did not increase anymore. 

preferred models Langmuir and Freundlich were tested 
to provide an insight inside the heavy metal sorption 
on sawdust at constant temperature conditions. 
The isotherm experiment was conducted at initial 
metal concentrations varying from 10 to 100 mg 
L-1. The Freundlich parameters including n (surface 
heterogeneity factor) and Kf (Freundlich Constant) 
were obtained from the slope and intercept of the plot 
of log qe versus log Ce, as seen in Fig. 6(a) and Table 
1. The Langmuir parameter qm (mg g-1) defined the 
magnitude of maximum sorption, and KL (L mg-1) is the 
Langmuir constant referring to the free sorption energy. 
They were calculated by the slope and intercept of the 
graph between Ce/qe and Ce (Fig. 6(b) and Table 1). This 
may be inferred that the Langmuir model best matched 
the results obtained from the Freundlich model by 
evaluating the associated correlation coefficient (R2) 
values. The correlation coefficient (R2) values for both 
metals in the Langmuir model, which are quite similar 
to 1, are almost ideal. From Langmuir isotherm, the 
highest qm (maximum sorption capacity) values were 
shown by Pb+2 than Co+2 in both mono and binary metal 
systems. It was supposed that the greater the value 
of KL, the greater the affinity of the sorbent sensitivity 
to the metal sorbed20. For both metals, the KL value 
indicates that in the relative order from the maximum to 
the lowest of the Co(Co–Pb)<Co(II)<Pb(Pb-Co)<Pb(II), 
the tendency of the sawdust to adsorb the same trend 
as that seen for R2 and qm. 

Fig. 4. Impact of sorbent dose on the sorption of Pb+2 and 
Co+2 ions (initial Conc.-10 mg L-1; temp-298K and pH-6.00) 

Fig. 5. Impact of pH on the sorption of Pb+2 and Co+2 ions 
(initial conc.-10 mg L-1; temp298K and adsorbent 

dosage-1.0 g L-1) 

Sorption Isotherms
	 In the isotherm analysis, the commonly 

Fig. 6 (a). Graph of Freundlich isotherm for the sorption of Pb+2 
and Co+2 metal ions at  298 K; (b) Graph of Langmuir isotherm 

for the sorption of Pb+2 and Co+2 metal ions at 298 K 

(a)

(b)
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Table 1: Isotherm variables for the sorption of ions onto sawdust in mono and binary component 
frameworks at 30oC

Metal ions System   	  	            Langmuir   	  	  	  Freundlich  	
	      qm (mg g−1)	           KL(b) (L mg−1)      	 R2 	 1/n 	 Kf (mg g−1)             	R2 

                		          	  	  	  	
Pb+2       	 9.09	 0.516	 0.99	 0.417	 2.63	 0.98
Co+2 	 8	 0.247	 0.99	 0.48	 1.72	 0.98
Pb+2 with appearance of Co+2 	 7.35	 0.109	 0.96	 0.49	 0.959	 0.99	
Co+2 with appearance of Pb+2      	 6.67	 0.069	 0.99	 0.63	 0.58	 0.99

Sorption Kinetics 
	 Sorption kinetics is an essential aspect 
that offers knowledge regarding the efficacy of the 
adsorption cycle. To achieve the kinetics of sorption 
of Pb and Co for sawdust, Lagergren’s first order and 
pseudo-second-order equations were used (Figure 
7 a and b)21. 

	 The Lagergren’s pseudo-first-order kinetic 
model rate expression is as22:  
                                                      	  	      	

	 (3)  

	 qe and qt are the quantity of metal ion 
adsorbed at the condition of equilibrium and at time 
t, respectively (mg/g), and kads is the equilibrium 
constant of the pseudo-first-order reaction. The 
quantities sorbed at equilibrium condition (qe) (mg 
g-1) and kads(min−1)  is the pseudo-first-order sorption 
rate constant obtained by the graph of log (qe-qt) vs 
t (Figure 7 (a)). 

	 The pseudo-second-order for sorption 
kinetics can thus be written as follows23:  
                                                	  	     	

			   (4)   
 	        	  	  	                      
	 Here k2 (g mg-1 min-1) is the constant of 
the pseudo-second-order equation. The reaction 
rate equilibrium constant k2 (g mg-1 min-1) and the 
equilibrium adsorbed amounts (qe) (mg g-1) is gained 
from the slope and intercept of linear plots between 
t/qt and t (Fig. 7(b)) for sorption of metal ions. The 
values of kinetic significance and the associated 
coefficients of correlation are described in Table 2. 

The high R2 values revealed that pseudo-second-
order equations are more suited to data than those 
of Lagergren's kinetic expression of pseudo-first-
order24. The kinetic data obtained indicate that Pb+2 

and Co+2 sorption adopted second-order-kinetic 
model, based on the presumption that sorption could 
be a step of the rate determining25. 

	 Prediction of a rate-defining step is an 
essential consideration for recognization in the 
design of the sorption cycle. In the case of a 
solid-liquid phase of sorption, the transition of the 
solute is typically categorized by external mass 
transfer (boundary level diffusion) or diffusion of the 
intraparticle, or both26. An intraparticle diffusion was 
used to describe the pathway involved in the sorption 
cycle. The rate constant of intraparticle diffusion is 
expressed as: 
                                             	  	  	

		  (5)
 	  	  	       
	 For the following equation, qt is the metal 
ions quantity sorbed (mg g-1) at time t, t1/2 defines 
the square root of the different mixing time and Kd 
is constant. The qt vs. t1/2 plot as seen in Fig. 7 (c) 
corresponds to the specific stages of sorption. The 
initial part is connected to diffusion of the boundary 
layer and the second linear section reflects the 
diffusion of the intraparticle. Both regions of the plot 
show that surface sorption and intraparticle diffusion 
is needed for the metal sorption on sawdust. The 
intraparticle diffusion coefficient is measured by the 
slope of the second linear part of the plot (kd). Table 
2 presents the measured coefficient data. Whereas, 
the intercept of the plot shows the impact of the 
boundary layer. The bigger the intercept, the more 
surface sorption contribution was found27. 

Table 2: Pseudo-first-order, pseudo-second-order and intra-particle diffusion 
variables for the sorption of metal ions on sawdust at 30oC

Metals                  Pseudo first order		                Pseudo second order	 Intra-particle diffusion 
	 Kads(min−1)	 R2	 K2 (g mg-1 min−1)	 R2	 Kd (min1/2)	 R2                     	
	
 Pb+2	 0.0299	 0.97	 0.005	 0.99	 0.13	 0.99	
Co+2	 0.046	 0.91	 0.007	 0.97	 0.12	 0.98
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Fig. 7 (a). Graph of pseudo-first-order kinetic for the 
sorption of Pb+2 and Co+2 metal ions at 298 K; (b) Graph of 
pseudo-second-order kinetic for the sorption of Pb+2 and 
Co+2 metal ions at 298 K. (c) Plots of amount adsorbed vs. 

square root of time for Pb+2 and Co+2 metal ion sorption 

(a)

(b)

(c)

Sorption Thermodynamics
	 The thermodynamic nature of Pb+2 and 
Co+2 sorption was explored by estimating various 
thermodynamic variables like Gibbs free energy 
(ΔGo), entropy (ΔSo), and enthalpy (ΔHo). The 
parameters listed above were evaluated by the 
following equation28,29: 
                                                	  	  	

			  (6)                   
                                                	  	  	

	 (7)  
	
	 R is the uniform gas constant (8.314 J mol-1 
K-1), T is the temperature (K) and KD represents 
standard equation constant. However, ΔHo and ΔSo 
quantities were determined increasing the slope, 
and ln KD vs T-1 (Fig. 8) plot intercept respectively. 
Table 3 displays thermodynamic parameters. For Pb 
as well as for Co all the values of ΔHo were positive. 
This can be shown that heavy metal sorption on 
sawdust was an endothermic process30. Positive 
ΔS° values may also be induced by a difference 
in the sorbent composition, which supports 
the sensitivity of the sorbent to the adsorbed 
substrate (Pb+2 and Co+2) and the adsorbent cycle 
stability31-33. The negative values of ΔGo indicate 
that sorption of ions is a spontaneous action and 
is thermodynamically favorable. The Gibbs free 
energy (G) values are small and negative and 
decrease with rising temperatures34. 

Table 3: Thermodynamic constants for the sorption of ions on sawdust at 30oC

Metal Ions  	 T(K)   	     ΔGo (KJ mol-1)	 ΔHo (KJ mol-1)	 ΔSo (KJ mol-1K-1)	 R (KJ mol-1K-1) 	

	 298	 -7.4				  
	 308	 -8.82				  
     Pb+2      	 318	 -10.24	 34.92	 0.142	 8.314	
	 328	 -11.66				  
	 338	 -13.08				  
	 298	  -6.01			 
	 308	  -6.84			 
     Co+2   	 318	  -7.68	 18.79	 0.083	 8.314
  	  328	 -8.51		
	 338	  -9.34			 

Fig. 8. Graph of Ln kD vs. T−1 (K) for Pb+2 and Co+2 ions 
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Competitive sorption 
	 Table 4 displays findings of mono and binary 
sorption of Pb+2 and Co+2 ions and indicates that the 
ion sorption ability for Pb+2 was significantly greater 
than that of Co+2 ions. When the metal concentration 
rises from 10 to 100 mg L–1, the sorption capacity of 
sawdust is also raised for Pb+2 ions and Co+2 ions. 
The initial concentration of metal supplies the driving 
forces required to overcome resistance between 
media and sawdust to the exchange of Pb+2 or Co+2 
ions. The table indicates an average sorption yield of 
20 mg L-1 (10 mg L-1 each) is needed to be equivalent 
to 91.70, while the average experiment yield for both 
metal ions found 85.00. Fig. 9 (a) and (b) specifically 
indicated that the sorption yield of Pb+2 was higher 
than that of Co+2 ions towards sorbent. The variation 
of Pb+2 and Co+2 in the sorption was attributed to 
their ionic radii differences which were 1.75 and 
2.25A°, respectively. The results indicated that a 
decrease in the hydrated ion radius in aqueous 
solutions would increase the capacity for biomass 
sorption35. The competitive sorption of metal ions 
was reported to be lower than the non-competitive 
sorption. Results indicate that the multi-component 
system (Pb+2 and Co+2) will demonstrate competitive 
and antagonistic sorption.  

Table 4: Impact of competitive sorption of Pb+2 and Co+2 ions onto sawdust at various ion concentrations

Pb conc. (mg L−1)  	  qe Pb (mg g−1) 	 % Ad.		  Initial Co Conc. (mg L−1)  	  	 Total % Ad. 
 								      
           10	  0.97	  97.2	  	  0	  	  	 97.2	
           20	  1.92	  96.15	  	 0	  	  	 96.15	
           30	  2.83	  94.37	  	 0	  	  	 94.37	
           50	  4.44	  88.74	  	 0	  	  	 88.74	
         100	  7.53	  75.31	  	 0	  	  	 75.31	
            0	  0.00	  0.00	  	  10.0	  	  	 86.2	
           10	  0.92	  91.6	  	  10.0	  	  	 87.25	
           20	  1.74	  86.8	  	 10.0	  	  	 81.85	
           30	  2.44	  81.23	  	 10.0	  	  	 75.87	
           50	  3.74	  74.7	  	  10.0	  	  	 69.05	
          100	  6.08	  60.79	  	 10.0	  	  	 56.5	

Co conc.  (mg L−1)	  qe Co (mg g−1) 	 % Ad.		  Initial Pb Conc. (mg L−1)		  Total % Ad. 
 								      
           10	  0.86	  86.2	  	  0	  	  	 86.2	
           20	  1.79	 89.65	  	 0	  	  	 89.65	
           30	  2.63	 87.73	  	 0	  	  	 87.73	
           50	  3.96	 79.16	  	 0	  	  	 79.16	
          100	  6.81	  68.14	  	 0	  	  	 68.14	
            0	  0.00	  0.00	  	  10.0	  	  	 97.2	
           10	  0.81	  81.3	  	  10.0	  	  	 82.75	
           20	  1.57	  78.4	  	  10.0	  	  	 80.05	
           30	  2.24	  74.63	  	 10.0	  	  	 76.17	
           50	  3.38	  67.52	  	 10.0	  	  	 68.56	
         100	  5.17	  51.68	  	 10.0	  	  	 56.54	

Fig. 9 (a). Comparison of the equilibrium sorption of Pb+2 
in the presence of Co+2 on sawdust (dose-1.0; pH-6.0;temp-298 

K); (b) Comparison of the equilibriumsorption of Co+2 in the 
presence of Pb+2 onsawdust (dose-1.0; pH-6.0; temp-298 K) 

(a)

(b)
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