
  
Abstract—Thermodynamic parameters in the biosorption 

processes of Cu and Zn uptake by R. boonkerdii sp. strain NS20 and 
Bradyrhizobium sp. strain DOA9 were investigated. 2 g/L of dried 
bacterial strains was inoculated into 10 mL of aqueous solution 
containing 250 mg/L of CuSO4.5H2O and ZnSO4.7H2O. Batch 
sorption process was performed on the rotating shaker at 125 rpm. 
Biosorption process was carried out at the temperature between 20-
32°C for 24 hours. It was found that the sorption process temperature 
between 20-32°C did not affect the biosorption capacity. The highest 
amount of metal removal was found in Cu uptake by R. boonkerdii 
sp. strain NS20. Cu was adsorbed by about 28 mg per gram of 
biomass within 24 hours. The biosorption was considered to be 
spontaneous process only in the case of Cu removal by R. 
boonnkerdii sp. strain NS20. The adsorption phenomenon was found 
to be endothermic. Positive values of standard entropy change were 
found in Cu uptake by both strains.    

 
Keywords—Thermodynamic parameter, Biosorption process, 

Endothermic, Entropy change  

I. 0BINTRODUCTION 
IOHYDROMETALLURGY is a recent methodological 
term that is based on specific interactions between 

microorganisms and metals/minerals [1].  This technology is 
biotechnology-based process applied for removal or recovery 
of metal from aqueous solutions.  Biohydrometallurgy covers 
several subfields depending on types of metal-biomass 
interactions which include bioleaching, biooxidation, 
bioreduction, bioprecipitation, biosensors, biosorption, and, 
bioaccumulation, etc.  Among these, biosorption is one of the 
important technologies that have been widely studying today. 
The term “biosorption” is used to describe the mechanism in 
which metal ions are absorbed onto the surface of non-living 
biomass.  For this aspect, biosorption can be used to remove or 
collect metal ions that dissolved in aquatic media.  Especially,  
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this method is highly applicable to treat of waste water 
containing toxic heavy metal.  

The most importance of biosorption process is biomass 
selection. Microorganisms such as bacteria, yeast, fungi, and 
algae exhibit the possibility to use as adsorbents.  These 
biomasses consist of active sites which considered as binding 
sources of metal ions.  The active sites including several 
chemical functional group, e.g. carboxyl, phosphate, amine, 
and hydroxyl, play vital roles in metal-biomass interactions.  

In 2010, Rujirek et al. [2]-[3] proposed the heavy metal 
tolerant bacterial strains isolated from Thailand’s soil.  It is 
possible to use these bacterial strains as biosorbents for heavy 
metal removal in waste water treatment.  Therefore, the 
possibility of heavy metal removal by these bacterial, R. 
boonkerdii sp. strain NS20 and Bradyrhizobium sp. strain 
DOA9 were further studied.  Cu and Zn were chosen as 
sources of heavy metal contaminated in aqueous solutions.  

The most important aspect of the biosorption process 
studies is not only to adjust the process parameter to achieve 
the highest metal removal efficiency but also to establish the 
adsorption process parameter correlations [4].  It is essential 
for reliable prediction of biosorption parameter and also for 
optimized operation.  However, extensive studies have only 
been modelled the mathematic equation for understanding of 
equilibriums and kinetics.  Thermodynamic aspects are the 
consequent of adsorption process that should also be 
investigated in order to assemble the biosorption data.  
Thermodynamic parameters provide very useful information 
to the biosorption mechanisms which can be concluded 
whether the sorption process is spontaneous or not.  Table I 
show a list of some previous works on the thermodynamics of 
biosorption.  In this study, dried biomasses of R. boonkerdii 
sp. strain NS20 and Bradyrhizobium sp. strain DOA9 were 
used as biosorbents and  biosorption process was carried out to 
remove Cu and Zn ions in contaminated aqueous solutions. 
The biosorption thermodynamics parameters were calculated 
to describe the biosorption characteristic. 
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TABLE I 
THERMODYNAMIC PARAMETERS FOR ADSORPTION OF HEAVY METAL IONS ON VARIOUS LOW COST ADSORBENTS 

 

II. EXPERIMENTAL PROCEDURE  

A. Heavy Metal Solutions 
  Stock of 250 mg/L of CuSO4.5H2O and ZnSO4.7H2O were 
prepared by dissolving of these metal compounds into distilled 
water.        

B. Biosorbent Preparation  
Cells of R. boonkerdii sp. strain NS20 and Bradyrhizobium 

sp. strain DOA9 were inoculated into 100 mL of the specific 
nutrient medium in 500 mL flask.  The cells were then 
incubated on a shaker at 125 rpm for 5 days at 27°C.  The cells 
were grown to stationary phase.  Afterwards, bacterial cells 
were harvested by centrifugation at 4,000 rpm for 10 minutes 
at 4°C.  The harvested cells were then washed twice with 
distilled water, dried at 80°C for 24 hours and subsequently 
grounded.  

C.  Biosorption Experiment 
Batch sorption experiments were performed in 50 mL test 

tubes containing 10 mL of heavy metal solutions as shown in 
Fig. 1.  The pH value of the solution was adjusted to 7 using 
10% NaOH and 10% HCl.  The dry cells were filled into the 
test tubes with proportion 2 g/L.  The test tubes were then 
agitated at 125 rpm on a rotating shaker for 24 hours to ensure 
that the sorption process reach equilibrium.  The sorption 
process temperature was performed at 20, 24, 28 and 32°C.  

D.  Determination of Heavy Metal Concentrations  
After the biosorption process, bacterial cells and 

supernatant were separated with 0.45 μm filter.  Heavy metal 
concentrations in the supernatant were determined using 
atomic absorption spectrometer (AAS), Perkin Elmer Analyst 
300, with flame technique.   

E. Data Evaluation    
The amounts of heavy metal adsorbed were calculated by 
 

m
)CC(v

q ei −
=            (1) 

 
where q is the metal uptake (mg of metal per g of the 
biosorbent), v is the volume of heavy metal solution (mL), Ci 
is the initial metal concentration in the solution (mg/L), Ce is 
the equilibrium metal concentration in the solution (mL), and 
m is the amount of added biosorbent (mg).  
 
 

Adsorbent Adsorbate T (K) ΔGo 
(kJ/mol) 

ΔHo 
(kJ/mol) 

ΔSo 
(J/mol) Reference 

Hevea brasiliensis Cu (II) 
300 
310 
320 

-3.38 
-2.17 
-1.48 

-31.96 -95.94 [5] 

Penicillium simplicissimum Cd (II) 
293 
303 
313 

-18.27 
-19.81 
-20.88 

20.3 130.90 [6] 
 

Ceramium Virgatum Cd (II) 

293 
303 
313 
323 

-19.5 
-19.0 
-18.7 
-18.2 

-31.81 -42.4 [7] 

Acacia leucocephala Ni (II) 
303 
313 
323 

-6.147 
-6.945 
-7.847 

10.389 55 [8] 

Cladonia furcata Ni (II) 

293 
303 
313 
323 

-18.3 
-14.4 
-14.3 
-14.4 

-37.5 -71.5 [9] 

Penicillium simplicissimum Pb (II) 
293 
303 
313 

-20.04 
-22.60 
-24.06 

39.13 202.52 [6] 

Acacia leucocephala Pb (II) 
303 
313 
323 

-3.876 
-4.379 
-4.997 

-21.147 57 [10] 

Cladonia furcata Pb (II) 

293 
303 
313 
323 

-21.2 
-17.4 
-17.2 
-17.1 

-35.4 -57.6 [9] 

Pinus brutia Pb (II) 

273 
283 
293 
303 
313 

-2.74 
-2.89 
-3.08 
-3.25 
-3.42 

1.97 17.21 [11] 
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Fig. 1 Schematic diagram of biosorption experiment 

III. RESULTS AND DISCUSSION 

A. Effect of Temperature on the Biosorption Efficiency 
Four temperatures within the range between 20-32°C were 

selected to study their influences on the biosorption of Cu and 
Zn by the bacterial biosorbents.  The adsorption efficiency as a 
function of temperature is illustrated in Fig. 2.  The results 
showed that the sorption process temperatures between 20-
32°C did not affect the biosorption capacity.  There was no 
obvious difference in the heavy metal uptakes.  Many 
researchers have investigated the influence of temperature on 
the biosorption efficiency.  Most of them reported that the 
sorption temperature seems to affect the biosorption 
performance only a lesser extent when the temperature was 
increased from about 20 to about 40°C [12]-[14].  However, 
adsorption is usually temperature dependent.  The overall 
reaction can be either endothermic or exothermic which was 
explained in the next section.  This result implied that the 
selected temperature range in this biosorption experiments was 
narrow. Therefore, there are no significant differences in 
biosorption efficiency.      

Fig. 2 also showed the highest biosorption capacity of Cu 
uptake by R. boonkerdii sp. strain NS20 (NS20:Cu).  Cu can 
be adsorbed by about 28 mg per gram of dried cell.  On the 
contrary, Zn sorption capacity by both bacterial strains and 
also Cu sorption capacity by R. boonkerdii sp. strain NS20 
were small.    

B. Biosorption Thermodynamic Considerations 
The correlation between Gibbs free energy change (ΔG), 

standard Gibbs free energy change (ΔG°), and equilibrium 
constant (K) at constant temperature is expressed by the 
classical Van’t Hoff equation as 

 
KlnRTGG o += ∆∆           (2) 

 
Where, R is the universal gas constant.  At equilibrium, free 

energy change (ΔG) is equal to zero.  Therefore, equation (2) 
can be reduced as 

 

 
Fig. 2 Influence of sorption temperature on the biosorption capacity 

 
KlnRTG o −=∆            (3) 

 
Equilibrium constant can be obtained from the biosorption 

experiments.  At equilibrium, the rate of adsorption is equal to 
the rate of desorption.  Hence, the concentration ratio of metal 
adsorbed on the biosorbent to the liquid solution is practically 
constant.  Therefore, equilibrium constant can be defined as 
 

e

a

C
C

K =              (4) 

 

Where, Ca and Ce are the equilibrium concentrations of 
metal onto adsorbent surface and in liquid solution, 
respectively. When the value of equilibrium constant was 
substituted in (3), it is possible to predict the feasibility of 
adsorption process. The standard Gibb’s free energy change is 
an important indication criterion for spontaneity.  A sorption 
process occurs spontaneously if ΔG° is a negative quantity.    

According to thermodynamic approach, the standard free 
energy change (ΔG°) is also correlated to standard enthalpy 
change (ΔH°) and standard entropy change (ΔS°) at a constant 
temperature as 

 

ooo STHG ∆∆∆ −=            (5) 
 

 

Therefore, equation (2) can be rewritten as 
 

R
S

RT
HKln

oo ∆∆
+

−
=            (6) 

  
Equation (6) showed the linear relationship between ln K 

and 1/T. The value of (ΔH°) and (ΔS°) for the biosorption 
process are determined from the slope and intercept of a plot 
of the both parameters.  

The plot of ln K versus 1/T for the biosorption experiments 
is shown in Fig. 3. All the sorption experiments exhibit the 
negative slope which implied that the sorption reaction is 
endothermic.    

The calculated thermodynamic parameters for the 
biosorption processes are given in Table II.  It was found that 
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Fig. 3 Plot of ln K versus 1/T for the biosorption of (a) Cu by R. boonkerdii sp. strain NS20 (b) Zn by R. boonkerdii sp. strain NS20 (c) Cu by 

Bradyrhizobium sp. strain DOA9 and (d) Zn by Bradyrhizobium sp. strain DOA9 
 

 
TABLE II 

THERMODYNAMIC PARAMETERS FOR THE BIOSORPTION PROCESS 
 

Biosorpbent:Metal T(K) ΔG° 
(kJ/mol) 

ΔH° 
(kJ/mol) 

ΔS° 
(J/mol) 

DOA9:Cu 

293 
297 
301 
305 

1.096 
1.084 
1.054 
0.991 

3.625 8.593 

DOA9:Zn 

293 
297 
301 
305 

4.327 
4.341 
4.349 
4.397 

2.746 -5.375 

NS20:Cu 

293 
297 
301 
305 

-3.157 
-3.248 
-3.291 
-3.343 

1.269 15.148 

NS20:Zn 

293 
297 
301 
305 

2.609 
2.623 
2.659 
2.684 

0.704 -6.488 

 
negative value of standard free energy was found only in the 
case of Cu removal by R. boonnkerdii sp. strain NS20. This 
results show the feasibility to use R. boonnkerdii sp. strain 
NS20 as a potential biosorbent for Cu removal. The others 
sorption processes exhibited positive quantity of ΔG° which 
implied the nonspontaneous process. The result was in 
accordance with the biosorption experiment shown in Fig. 2. 

The negative value of ΔG° in NS20:Cu process provided the 
high metal sorption capacity. 

All positive values of ΔH° indicated that the biosorption 
phenomenon is endothermic. This implies that the metal 
sorption capacity can be enhanced by an increase of sorption 
temperature. It is possible due to the increases of surface 
activity and kinetic energy of the metal solute [12]. However, 
the elevated temperature could lead to physical damage of the 
biosorpbent. The magnitude of ΔH° also gives information 
about the mechanism of adsorption. The result showed that the 
values of ΔH° are quite small (do not exceed 50 kJ/mol). This 
implies the weak bonding of physical adsorption. The reverse 
process or desorption is feasible due to the weak bonding 
between metal ions and biomass surface. Therefore, the 
amount of metal adsorbed at equilibrium is relatively low. 

The value of ΔS° reflects the affinity of biosorbent toward 
the heavy metal ions. Positive values of ΔS° indicate the 
increasing of randomness at biosorbent surface or there are 
more metal ions absorbed. On the contrary, the negative ΔS° 
implied a decreased of disorder at solid/liquid interface or at 
biosorbent surface. This mechanism causes the desorption. 
Positive values of ΔS° were found in Cu uptake whereas the 
negative ΔS° values were found in Zn uptakes. According to 
Fig. 2, it was shown that smaller amounts of Zn were removed 
by both bacterial biomass. This implied that Zn uptakes by 
both strains are thermodynamically unfavored.     
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IV. CONCLUSION 
This study investigated the thermodynamic parameters of 

biosorption processes in order to describe and to predict the 
adsorption characteristics. The experimental results indicated 
that the narrow range of sorption temperature between 20-
32°C did not affect the sorption capacity. The calculated 
thermodynamic parameters showed the positive quantity of 
standard enthalpy change which indicated the endothermic of 
adsorption process. Negative value of standard free energy 
change was found in the Cu removed by R. boonkerdii sp. 
strain NS20. This result showed the feasibility for using such 
biomass as a Cu binding source. Finally, positive values of 
standard entropy change were found in Cu uptake by the both 
bacterial biosorbents which indicated the possible of high 
removal efficiency.           
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