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1 Chapter 1 Introduction 
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2.3 Application of lignocellulosic wastes and by–products as 

biosorbent in water and wastewater treatment 

2.3.1 Lignocellulosic wastes and by–products for heavy metal ion removal 
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2.4 Mechanism of biosorption and desorption process 
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2.5 Reusability of heavy metal– loaded wastes and by–products  
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3.2.6 Biosorption studies in continuous fixed–bed column 
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3.2.7 Continuous desorption experiments  



3.3 Calculations 
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4.5.3 Influence of adsorbent dose 
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4.7 Adsorption isotherm  
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4.8 Desorption studies 
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Chapter 5 Heavy metal biosorption from synthetic wastewater by modified 

MMBB, characterization and optimization: batch study  

5.1 Introduction 

5.1.1 Research background 

5.1.2 Objectives 
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5.2 Biosorption process optimization 

5.2.1 Influence of biosorbent ratio 

5.2.2 Influence of biosorbent particle size 
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5.2.3 Influence of drying temperature 



5.2.4 Influence of chemical pretreatment 
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5.2.5 Influence of ion strength 
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biosorbent surface. It is probably due to the poor complex with surface active sites (Vilar et al., 2005). The effect of Na+ is more influential respecting the uptake of weakly bound heavy metals such as Zn or Ni, while strongly bound metals such as Pb and Cu are less affected by the ionic strength (Schiewer and Wong, 2000). In this study, having investigated the effect of pH value and the presence of [H3O]+ ions, the effect of ionic strength on biosorption is studied by performing equilibrium sorption tests in batch systems. The flasks contained heavy Cd, Cu, Pb and Zn with initial concentrations of 10, 50 and 100 mg/L. Ionic strength of solutions varied by adding NaNO3 with concentrations of 0.1 and 0.2 M. These relatively high concentrations were chosen for simulating the real wastewaters.  For comparison with lower ionic strength level, there was a reference case with no addition of NaNO3 to the heavy metal solution. The results are shown in Figure 5.7. Respecting covalent heavy metal speciation, in the studied pH range (2.5–6.0±0.1), the main form of Me2+ and its speciation are not remarkably influenced by the presence of Na+ (Beolchini et al., 2006). The ionic strength only has a slight effect on cadmium, copper, lead and zinc ion uptake capacity at lower Na+ concentration (0.1 M) by modified MMBB regardless of heavy metal concentrations. Besides, increasing of heavy metal concentration can cover the effect of ionic strength effect of high sodium concentration (0.2 M). Hence, it can be concluded that electrostatic binding of MMBB has nontangible contribution of covalent binding within biosorption process. In other study, it has been reported that strongly bound metals such as lead and copper are less affected by the ionic strength (Vilar et al. 2005). 
5.3 Characterization of adsorbents by FTIR FTIR analysis was performed to investigate the major functional group in cadmium, copper, lead and zinc binding process. The FTIR spectra of the unmodified and modified MMBB by NaOH, CaCl2 and ethanol before and after metal loading were compared (Figure 5.8). The major band assignments and functional groups are as follows. A medium band at about 1051-1012 cm–1 corresponds to deformation vibration of groups C–N stretch of aliphatic amines. Broad bands at 1300-1000 cm–1 have been assigned to C–O stretching in acids, 
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3144 and 3487 cm–1 might attribute to the presence of intermolecular hydrogen bonded O  The changes after modification can be obviously seen in FTIR spectra as the fingerprint of sodium hydroxide pretreatment due to the formation of the intermolecular hydrogen bond and complexation of heavy metal ions by carboxylate groups. According to literature (Tan and Xiao, 2009; Gurgel and Gil, 2009), ester product and carboxyl acid compounds will have a strong sharp peak at ~2900 cm–1 (alkyl C at ~1700 cm–1 (C=O). The absorption band wave number of the carboxylate groups (COO ) is about 1670–1600 cm–1, which shifted to low wave number because of the formation of the intermolecular hydrogen bond. This confirms that basic modification of biosorbent makes methyl ester hydrolyse, ester groups decrease and subsequently carboxylate groups increase. The FTIR analysis of the chemically modified MMBB in comparison with unmodified form also confirmed that carboxylate groups play an important role in heavy metal adsorption. 
5.4 Effect of contact time and kinetic studyIt is evident from Figure 5.9 that the rate of metal uptake was very fast within first 60 min for initial metal concentrations of 10 and 50 mg/L in comparison with 100 mg/L. The biosorption capacity levelled off after 120 min of contact time for cadmium, copper and zinc ions with initial concentration of 100 mg/L while for lead, there is no difference between metal removal in different initial content.  The experimental kinetic results were fitted to pseudo first–order and pseudo second–order kinetic models. The kinetic model parameters, residual root mean square error (RMSE), error sum of square (SSE) and correlation of determination (R2) were measure and presented in Table 5.1. According to calculated kinetic and fitting parameters and also comparison between adsorption rate constants, the estimated qe and the coefficients of correlation associated with the Lagergren pseudo–first–order and the pseudo–second–order kinetic models, cadmium, copper, lead and zinc biosorption process followed pseudo second–order kinetic model.  
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5.5 Adsorption isotherm The correlation between the adsorbed and the aqueous metal concentrations at equilibrium was described by the Langmuir and Freundlich (Table 5.2). The Langmuir equation describes the equilibrium condition better than Freundlich model (R2: 0.99 and small RMSE values). The maximum amounts of biosorption capacity by monolayer adsorption assumption for Cd, Cu, Pb and Zn obtained from Langmuir equation are 41.48, 39.48, 94.0 and 27.23 mg/g, respectively, for unmodified MMBB. These amounts were 69.56, 127.70, 345.20 and 70.55 mg/g for Cd(II), Cu(II), Pb(II) and Zn(II), respectively, for modified MMBB. Furthermore, it was understood that the Langmuir isotherm corresponded to a dominant ion exchange mechanism while the Freundlich isotherm showed adsorption–complexation reactions taking place at the outer heterogeneous surface of the adsorbent (Cay et al., 2004). Table 5.3 summarizes the qm values of various biosorbents for the comparison purpose. Table 5.3 reveals that this modified MMBB possessed relatively high qm values, which were favourably comparable to most of the biosorbents in the literature for heavy metal removal from aqueous solutions. As found hereinbefore, combination of several types of low–cost agro–industrial waste might provide more selectivity as a result of increase in different effective functional groups involved in metal binding.  
5.6 Adsorption thermodynamics The biosorptive potential of modified MMBB for Cd(II), Cu(II), Pb(II) and Zn(II) removal was studied at the temperatures of 25, 30, 40 and 50 results indicated dependency of adsorption on the temperature and are listed in Table 5. The thermodynamic parameters for the adsorption process such as Gibbs ere calculated to evaluate thermodynamic feasibility of the sorption process and to confirm its nature. 
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entropy occurred during the sorption of Cd, Cu, Pb and Zn ions on modified MMBB. 
5.7 Desorption studies It is desirable to desorb and recovered the adsorbed metals and also regenerate the adsorbent materials for another cycle of application. The regeneration of the adsorbent can be achieved by washing loaded adsorbent with an appropriate desorbing solution. Desorbing agent must be cheap, effective, non–polluting and non–damaging to the adsorbent structure (Ozdes et al. 2009). In Figure 5.11, the desorption potential of the eluents is compared for first cycle of sorption/ desorption to select the best desorbing agent. It is apparently that Milli–Q water was very ineffective for releasing bonded metal onto MMBB. Sodium chloride and sodium hydroxide showed very weak potential for detaching adsorbed metal in comparison with the acids. It is well known that under acidic conditions the adsorbent surface is protonated by [H3O]+ ions to make possible desorption of positively charged metal ions from the adsorbent surface (Ozdes et al., 2009). Among these three mineral acids, HCl was slightly better than HNO3 and H2SO4 for all metals.  Copper was almost completely desorbed with 0.1M HCl. Other metal ions recovery cannot thoroughly fulfilled by desorption. This might be due to heavy metal ions being trapped in the adsorbent porous structure and therefore difficult to release (Ozdes et al. 2009). According to the Langmuir parameter presented in Table 5.2, lead biosorption presented the highest affinities for modified MMBB, therefore desorbed in longer time than other metals. The lead recovery was the lowest and copper showed the highest amounts which were 76.26 and 99.93 %, respectively by applying HCl as he desorbing agent. Cadmium and zinc desorption efficiency were 96.33 % and 91.93 % respectively for HCl, and 96.90 % and 92.90 %, respectively for HNO3.   
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Figure 5.11

D
es

or
pt

io
n 

Ef
fic

ie
nc

y,
 %

 



Figure 5.12



Figure 5.13



Figure 5.14



Cystoseira indica

Figure 5.15



ATEFEH ABDOLALI   DOCTORAL THESIS  

Chapter 5|Page 121 

Therefore, when regeneration step by calcium chloride added to sorption and desorption experiments, the mass loss of biosorbent decreased only 18%. It was obvious that after five cycles of sorption/ desorption/ regeneration, the biosorbent appearance, visible structure and mechanical stability did not demolish at all. 
5.8 SEM/EDS analysis SEM analysis (Figure 5.16) depicts the morphology changes of unloaded and loaded biosorbent. After biosorption of heavy metal ions, the surface became smoother with less porosity with probable metal entrapping and adsorbing on biosorbent.  The electron micrograph of the biosorbent before and after modification by NaOH and CaCl2 after metal adsorption presents several sites on MMBB. The EDS graphs of MMBB samples (Figure 5.17) clearly show a strong peak of Ca and a moderate peak of Na after chemical modification. The distribution of peaks changed in element and intensity. Besides, after metal adsorption the strong peaks attributing to Cd, Cu, Pb and Zn appeared significantly. The variance in intensity of K, Na and Ca peaks might be due to ion exchange mechanism of metal uptake. Overall, the Cd(II), Cu(II), Pb(II) and Zn(II) intake by biosorbent was confirmed by SEM/EDS analysis. 
5.9 Biosorption mechanism The metal binding takes place as a passive mechanism based on the chemical properties of surface functional groups. The mechanisms involved in metal bioaccumulation are complicated; therefore the interpretation is very difficult. Usually these mechanisms are related to electrostatic interaction, surface complexation, ion–exchange, and precipitation, which can occur individually or in combination (Oliveira et al., 2014).  
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equal. SEM/EDS analysis confirmed that the variance in intensity of K, Na and Ca peaks might be due to ion exchange mechanism of metal uptake. 

 

 

 

Figure 5.18 Comparison of (a) individual and (b) total metal ions adsorbed and released in biosorption process (Initial heavy metal conc.: 50 mg/L) In addition, according to calculated BD–R for Cd, Cu, Pb and Zn, E values show physical adsorption or ion exchange for four metal removal process whose calculated values are 2.58, 3.45, 5.59 and 2.73 kJ/mol for Cd, Cu, Pb and Zn respectively which are all less than 8 kJ/mol. 
5.10 Conclusions The results of  this chapter show that modified MMBB may be efficiently used as a renewable biosorbent to remove Cd2+, Cu2+, Pb2+and Zn2+ ions from aqueous solutions. As shown in FTIR studies, unmodified and modified MMBB have similar surface functional groups where by carboxylic acid groups involved in heavy metal binding. Modified MMBB revalues as an agricultural based biosorbent for heavy metal removal from a multi component synthetic solution. In order to improve the biosorptive potential of MMBB, a solution containing sodium hydroxide, calcium chloride and ethanol were more effective than the other chemical and physical pretreatment. The maximum biosorption capacity calculated by Langmuir equation increased  from 41.48 to 69.56 mg/g, 39.48 to 127.70 mg/g, 94.0 to 
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6.3 Continuous biosorption experiments 



6.3.1 Influence of flow rate 
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6.3.2 Influence of bed depth  
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6.3.3 Influence of inlet metal concentration 
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6.3.4 Influence of biosorbent particle size 
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6.3.5 Influence of pH 



6.4 Breakthrough curve modeling  
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6.6 Scale–up study



6.6.1 Column Scale–up calculation 
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Column design criteria 

Operation conditions 

a Hydraulic Loading Rate (HLR = Q/A)
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7.3 Continuous sorption and desorption experiments 
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Figure 7.3
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Figure 7.4
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7.4 Conclusions 
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8.1 Conclusion remarks 





The results obtained from column regeneration showed that the 

reusability of modified MMBB was feasible and 

8.2 Future outlook 
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