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ABSTRACT 

The process of removal of metal ions from the industrial waste water would carry no meaning unless a suitable eluant is 
used for the recovery of metal values. Therefore, different eluants are used for the removal of metals (Cu and Zn) from 
the loaded biomass. Among the various eluants used, CaCl2 in HCl medium is found to be most suitable. Further 
desorption studies are carried out using the same eluant. The optimum condition for Cu and Zn desorption from the 
loaded PS is as follows : Contact time – 60 minutes, pH – 2, Temperature – 30oC . The eluted biomass is again reloaded 
with the fresh metal solution. After the third cycle, there is reduction in metal loading capacity and weight loss of 
biomass. 
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INTRODUCTION 
The process of biosorption can only be economical if a suitable eluant is used for the recovery of metals 
from the loaded biomass. In a complete metal removal and recovery system, the biosorbents are to be 
used in a continuous sorption-desorption cycle. For that purpose, the biosorbents should fulfil the 
following criteria [1]. They should be cheap and reusable. Both uptake and release of metal ions should be 
efficient and rapid. Desorption of metal ions from the sorbent should be metal selective and economically 
feasible. Although U uptake capacity of Penicillium and Actinomycetes are same, Penicillium sp. is selected 
as a better biosorbent as metals can be eluted from it more efficiently [2]. Therefore, selection of specific 
eluants is more important. Sodium carbonate [3], Sodium hydroxide [4], EDTA [5], Sulphuric and 
hydrochloric acid [6] are some of the common eluants used for the recovery of metal ions from the loaded 
biomass. 
The main objective of the present chapter is to select suitable eluants for the recovery of Cu and Zn from 
loaded PS. Unless or otherwise specified the desorption studies are carried out under the following 
conditions : Time – 60 minutes, Temperature – 30oC, Eluant concentration – 0.1 M and Pulp density 
%(w/v) – 0.1. 
 
MATERIALS AND METHODS 
Loaded Penicillium sp.(PS) 
A Penicillium sp.(PS) strain is procured from Maharashtra Association for Cultivation of Science(MACS), 
Pune and is routinely maintained in potato dextrose agar slants. For sorption purpose, the strain is grown 
in a medium comprising of (g/dm3) : NH4NO3 – 3.0, KH2PO4 – 1.0, MgSO4,7H2O- 0.5 and Sucrose – 50.0 in 
conical flasks  at room temperature. 72 hours grown culture as sterilized by autoclaving, filtered through 
nylon mesh and washed with 2 dm3 of distilled water. Excess water is removed by pressing it with filter 
paper. Biomass thus harvested is dried at 70oC, ground and used for sorption studies. Stock solution of Cu 
and Zn are prepared using respective sulphate salts. Initially the biomass PS is loaded with either Cu or Zn 
metal ions. The metal loading is carried out by repeated contact of biomass with fresh metal solution 
containing Cu or Zn. The loaded PS contains 10 mg of either Cu or Zn per g of biomass. After metal 
loading, the same is used for desorption studies.  
Eluants 
Stock solutions of 1M KSCN or CaCl2 are prepared. The pH of the KSCN is adjusted by adding dil. H2SO4, 
whereas that of CaCl2 is adjusted by adding dil. HCl. HCl and H2SO4 are taken as two other eluants. 
Desorption Studies 
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For desorption, known amount of loaded biomass is added to 0.1 dm3 of eluants and the stirring is done 
by a mechanical stirrer. For temperature variation, desorption studies are carried out in a thermostat. 
Analyses 
The metal ions are analysed by 3100-Perkin Elmer Atomic Absorption Spectrophotometer.  
 
RESULTS AND DISCUSSION 
Based on literature [7], four different eluants namely HCl, H2SO4, KSCN in HCl medium and CaCl2 in HCl 
medium are seleted for Cu and Zn desorption from the respective loaded Penicillium sp. biomass. Acids 
like HCl and H2SO4 are selected because the H+ ions produced in the aqueous solution may be replaced by 
the metal associated with the loaded biomass. Thiocyanate is chosen because nitrogen and sulfur ligands 
produced from the same would provide the necessary binding sites for metal ions. Keeping in view the 
importance of ion exchange process, CaCl2 in HCl medium is also selected as another eluant. 
Desorption studies are carried out using Cu and Zn loaded PS containing 10 mg of metal per g of biomass. 
The loaded biomass samples are desorbed with different eluants at different pH values. Desorption of Cu 
or Zn is found to be pH dependent as shown in Figs 1 and 2. Better desorption results are obtained at 
lower pH. HCl elutes 27.7, 68.2 and 99.8% of Cu from the biomass at pH of 5.0, 3.32 and 2.05 respectively. 
Similarly, H2SO4 elutes 66, 68.4 and 89.3% of Cu from the loaded biomass at pH of 5.1, 3.3 and 2.6 
respectively. At pH 2.1, 86.2% of Cu is desorbed by KSCN (The pH of the KSCN solution is adjusted with 
HCl). Similarly, at pH 2.1, 80.7 and 76.02% of Zn is desorbed by HCl and H2SO4 respectively. KSCN in HCl 
medium elutes 74.2% of Zn at pH 2.7, whereas, at pH 2.0, CaCl2 in HCl medium elutes 78.9% of the 
sequestered zinc from the loaded biomass. 
 

 
Figure 1 :  Desorption of Cu from loaded PS 

 

 
Figure 2 :  Desorption of Zn from loaded PS 
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During the elution of the biomass with acids, some of the polysaccharides and binding sites present on its 
surface may disintegrate as a result of which two problems may arise, firstly, decrease in porosity and 
secondly formation of gelatinous product. The metal reuptake capacity is also affected by the acid 
treatment [6-8]. Therefore, CaCl2 in HCl medium is selected as the best eluant for the elution of Cu or Zn 
from their respective loaded biomass. With that eluant, different elution parameters are optimized 
including recycling. 
Effect of Contact Time   
Desorption studies are carried out for more than one hour to find out the optimum contact time. It has 
been observed that equilibrium is achieved within 60 minutes. Figure 3 shows desorption of Cu from 
loaded biomass using CaCl2 in HCl medium at two different pH levels. It has been observed that the 
overall kinetics can be divided into two phases, i.e., an initial faster phase (upto 1 min) followed by a 
slower phase (upto 60 mins). The faster initial phase constitutes almost 80% of the total desorption. In 
the initial faster phase the cation exchange sites in the eluant are freely available so that the ion exchange 
reaction can take place rapidly and in the latter stage as the ion exchange sites get slowly depleted, the 
desorption kinetic becomes slow. 

 
Figure 3 :  Effect of contact time on percentage of Cu desorption from loaded PS 

Effect of pH, temperature, eluant concentration and pulp density 
pH of the eluant is varied from 2 to 6.5 to study the effect of the same on desorption. A pH range between 
2 to 3 is found to be optimum for the elution of Cu and Zn. It has further been observed that temperature 
has very marginal effect on the elution of Cu and Zn. 
At lower pulp density, the probability of collision between the loaded biomass and the cation exchange 
sites present in the eluants increases. Therefore, lower pulp density favors the extent of Cu and Zn 
desorption, whereas, the eluant concentration is found to have marginal effect on desorption. 
Recycling of the eluted biomass 
After elution of the loaded biomass with CaCl2 in HCl medium, the biomass is washed with distilled water 
several times till it attained neutral pH. Then it is dried at room temperature and used for subsequent 
sorption-desorption cycles. The cycle is repeated for three times and the percentage reduction in 
resorption and percentage of weight loss in each cycle is shown in Table 1. The experimental conditions 
for reloading in the second and third cycles are same to that of the first cycle, i.e., pH 6.0, Temperature-
30oC. Cu or Zn ion concentration – 20mg/dm3 and pulp density, %(w/v)-0.125. The amount of metal ion 
loaded on the biomass before desorption is used as a reference during calculation of reduction in 
resorption capacity in subsequent stages. The weight loss is determined before the exposure to metal 
containing solution. All the calculations are made on dry basis.  

 
Table 1 : The reduction in metal reloading capacity of the biomass as well as its % weight loss in 

different sorption-desorption cycles 

No of cycles                   % reduction in sorption capacity             % weight loss 

          1                                                       0                                                        9 
          2                                                      20                                                      22 
          3                                                      42                                                      41 
________________________________________________________________________________________________________ 
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After elution, the powdered biomass is turned to a gelatinous product and is difficult to separate from the 
solution by filtration. The deep green colour of the powdered PS is also turned to light colour. The 
percentage reduction in sorption capacity as well as percentage weight loss of the biomass may be due to 
the removal of some of the soluble binding functional groups from the cell surface. 
 
CONCLUSION  
CaCl2 in HCl medium is found to be the best eluant. All the eluants studied show better desorption results 
at acidic pH. Temperature is found to have marginal effect on the desorption kinetics. Lower pulp density 
favours the extent of desorption whereas eluant concentration has marginal effect on the desorption. 
Reloading of the metal ions on the eluted PS decreases in the subsequent sorption-desorption cycles. 
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