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Abstract 

The obJecl1ve of thi s work was to study the 

adsorption ability of va rious Pb" ion concentrations by 

oyster shell (Crassos(re commercia/is) Oyster shells were 

prepared by 2 different methods. For the first method, 

oyster shell was washed with distilled water, dried ,n the 

oven at 105°(, then, crushed and sieved to partic le 

size of 75-106 !Am in diameter. ThiS was ca lled OSA 

For the second method. oyster shell was crushed and 

burnt in furnace at 850'( for 2 hr, then, sieved to particle 

size 01 75-106 !Am in diameter. ThiS was called OS·B. 

The results of the adsorption experiment showed that 

adsorption reached equil ibrium w ith in 120 min w ith 

eighty four percent of Pb" was remov ed from 100 

mg/L initial concentrat ion . Moreover. LangmUif and 

Freundlich adsorption isotherms were used to fit the 

experimental data. The re sults showed that both 

Langmuir and Freundlich adsorption isotherms f itted 

the experimenta l data very well with high correlation 

coe ff ic ient (R') The high K, value imp lied that th e 
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Pb" ions adsorption capacities of both OS·A and OS·B 

were high . The maximum Pb" adsorption capacity (qm) 

of OS-A and OS·B obtained from La ngmuir adsorption 

iso therm were 196 and 233 mg·metal/g·adsorbent, 

respective ly . 

Key words: Adsorpti on, Lead, Oyster shell, 

Adsorption Isotherm 
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Introduction 

Wastewater containing heavy metal ions 

is often encountered in chemical industries such 

as electroplating, tannery and textile dyeing, etc . 

Heavy metals such as lead, cadmium and 

mercury are highly toxic and not biodegradable 

When accumulating in living organisms, they 

cause diseases!". Heavy metal ions treatment 

techniques such as chemical precipitation, 

solvent extraction, electrolytic processes, 

membrane separation and ion-exchange, etc. are 

not suitable for low contaminated heavy metal 

ions in wastewater because of high operating 

costl2} 

Adsorption is one of the most efficient 

methods for the removal of heavy metal ions 

from low-contaminated industrial effluents. The 

research for low-cost adsorbents that have high 
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adsorption capacities has intensified and 

materials locally available in large quantities 

such as natural materials, agricultural waste or 

industrial by products can be utilized as low-cost 

adsorbents. 

The objective of this work was to study 

the adsorption ability of various Pb 2
• ion 

concentrations by oyster shell (Crassostre 

commerciails) . 

Materials and M ethods 

Preparat ion of synthet ic Pb2 
+ ion solution 

The synthetic Pb 2• ion solution at 

concentration of 1,000 mg-metal/L was prepared 

by dissolving Pb(NO)2 in deionized water and 

adding 5 ml of concentrated nitric acid (concHN0 ) 
3 

for 1 L of solution. The stock solution was kept 

in refrigerator at 4°C and was diluted to the 

concentrations of 50, 60, 70, 80, 90, 100 ppm 

to be used for the experiment. 

Preparation of adsorbent 

Crassostre commercialis was collected 

from Chonburi province, Thailand. Oyster shells 

were prepared by 2 different methods. For the 

first method, oyster shell was washed with 

distilled water, dried in the oven at 105°C, 

then, crushed and sieved to particle size of 

75-106 fJ.m in diameter. This was called OS-A 

For the second method, oyster shell was crushed 

and burnt in furnace at 850°C for 2 hr, then, sieved 

to particle size of 75-106 fJ.m in diameter. This 

was called OS-B . 
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Adsorption experiment 

The experiments were performed by mixing 

0.1 9 oyster shell in 500 ml erlenmeyer flasks 

containing 200 ml of Pb2 
+ ion solution. The Pb2

• 

Ion solution was prepared by dilution of stock 

solution to the concentration 50, 60, 70, 80, 90, 

100 ppm and adjustment with 0.1 mol NaOH 

solution for pH 6. The mixtures were mixed in a 

shaker at the rate of 200 rpm. The 2 ml mixtures 

was collected at each time (0, 5, 10, 15, 30, 60, 

120 and 180 min) and filtered with filter paper 

(Whatman NQ. 1), immediately The filtrates were 

added with 0.05 ml cone HNO . The amount of 
3 

lead ions in filtrates were determined by Flame 

Atomic Absorption Spectrophotometer (AAS) 

following standard methods: 31118
131 

. 

Calcu lation for percentage of removal and 

adsorption capacity 

The percentage of lead ion removal was 

calculated as follows: 

c -c 
% Removal , , x 100 (1) 

where, 

C, = initial concentration (mg I L) 

Ce = equilibrium concentration (mg I L) 

The amount of Pb2
• ion uptake per unit 

mass of adsorbent (Adsorption capacity, q) 
e 

was calculated as follows: 

(C - C)v 
q, = 

i (2) 
w 

where, 

q The amount of Pb2
• ions uptake 

e 

per unit mass of adsorbent at 

equilibrium (mg/g) 

C, = initial concentration (mgl L) 

Ce = equilibrium concentration (mg IL) 

v volume of solution (L) 

w amount of adsorbent (g) 

Adsorption isotherm 

Langmuir and Fre undlich adsorption 

isotherm were used to fit the experimental 

data. Langmuir adsorption isotherm was presented 

in Equation 3
141 

. 

(3) 

The linear form of this model is given below 

(4) 

where, 

q The amount of Pb2
• ions uptake 

e 

per unit mass of adsorbent at 

equilibrium (mg/g) 

c 	 equilibrium concentration (mg IL) 

The maximum amount of Pb2
• 

ions uptake per unit mass of 

adsorbent at equilibrium (mg/g) 

K 	 the Langmuir constant related to 
l 

energy of adsorption (Umg) 

Freundlich adsorption isotherm was 

presented in Equation 5
151 

. 

q =K C (il,,) 	 (5)
, F 	 e 
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The linear form of this model is given below The BET surface area of the OS-A (9.47 

ml/g) was higher than that of the OS-B (173 

log qe = Jog KF + (~) logC, (6) 2

r! 
m /g) Moreover, the pore size of OS-A and OS-B 

were 10.08 and 9.89 IJ,B, respectively (Figure 1)
where, 

K the Freundlich constant related to The chemica l composition and surface 
F 

the adsorption capacity of the area affect on the adsorption capacity of 

sorbent (mg/g (Umg) lin) adsorbent. High percentage of CaO and high 

l/n= the Freundlich constant related surface area of adsorbent provided high 

to the energy heterogeneity of adsorption capacities, accordingly. 

the system and the size of the 
Table 1. Chemical composition of OS·B 

adsorbed molecule. 
Chemical composition Wt. % 

Result and D iscussion SiO 17.67 
1 

AIO 1. 10Ch aracterization of the adsorbent 
2 3 

CaO 68.99 
Characterization of the adsorbent was 

MgO 2.43 
investigated by X-ray Fluorescence Spectrometer 

Fe 0 0.29 
(XR F) , BET (Brunauer , Emmetl, and Teller) 2 J 

TiO 0.01 
surface area analysis and Scanning Electron 1 

MnO 0.01 
Microscopy (SEM) investigations 1 

KO 0.04 
2 

The OS-A ha s a high percenta ge of Na 0 0.53 
2 

calcium carbonate (CaCO) about 80% . The 
3 

latter, which is OS-A, has si lica oxide (SiO) and Table 2. BET surface area of adsorbent 

alumina oxide (AI'O) The OS-B has a high
3 OS-A OS-B 


percentage of calcium oxide (CaO) about 69% . 

Surface area (m

2
/g) 9.47 1.73 

The latter, which is OS-B, has 18% of silica oxide porosity (%) 70.83 75.96 


(SiO) and 2.4% of magnesium oXide (MgO) 

Pore size (~lm) 10.08 9.89 


(Table 1) The OS-B has a high percentage of 

Loss on Incineration 8.93 


CaO because CaCO was converted to CaO at 

3 

850°C in pretreatment process. The calcination 

reactions were shown in Equation 7. 

CaO(s) + CO/g) (7) 
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(OS-A) (OS-B) 

Figure 1. SEM micrograph of the particles of adsorbent (1,000 xl 

Effect of reaction time 

The va riation of adsorbed amount of Pb2
+ 

ion on OS-B according to time was examined by 

using 0.5 giL adsorbent dosage and 100 ppm 

Pb2 
+ ions synthetic wastewater. At the initia l stage 

of adsorption, The removal rate of Pb2 
+ was high 

during the first 5 min. After 5 min, the remova l 

rates of Pb2 
+ slowly declined and adsorption 

reached equilibrium within 120 min with 84 % 

Pb2 
+ removed from 100 mglL initial concentration 

(Figure 2) Initially, the active adsorption sites is 

100 

80 r 
~ 0 

60 
(\l 

> 
0 

40E 
Ql 
0:: 

20 

0 

open and the metal ions interacts easily with the 

sites and hence a higher rate of adsorption is 

observed . Further, the dr iv ing force for 

adsorption (the concentrat io n difference 

between the bulk solution and the solid-liquid 

interface) is higher initially and this results a 

higher adsorption rate. However, after the initial 

period, slow adsorption may be due to slower 

diffusion of solute into the interior of the 

adsorbent'61. 

0 50 100 150 200 

Time (min) 

Figure 2. The percentage on the removal of Pbz
+ ions OS-B according to time 
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Effect of initial concentration 

In Figure 3, when the initial Pb2
• ions 

concentration increased from 50 to 100 mg/L, 

Pb2
, adsorption removal of OS-A and OS-B 

decreased from 78% to 65 .7 % and 92% to 84%, 

Tabtong and Juijuljerm, 2009 

respectively The higher percentage of removal 

at low concentration is attributed by the 

availability of greater surface area with active 

centers on the adsorbent for lesser amounts of 

madsorb ate ions 

[] OS-A 8 0S-8 
100 


80 

~ 0 

60 
C\l 
>a 40E 
<lJ 

n::: 20 


0 


50 60 70 80 90 100 

Initi al Concentration (mg/L) 

Fig u re 3. Effect of initial concentra tion to removal efficiency (adsorbent dosage 0.5 g/U 

In Figure 4, when the initial Pb2 
+ ion 

concentration increased from 50 to 100 mg/L, 

The adsorption capacity of OS-A and OS-B 

increased from 71 to 124.6 mg/g and 84 to 160 

mg/g, respectively . 

concentration provided 

.0) 

0) 

E 

.c:
·0 
C\l 
0. 
C\l 
0 

c 
0 ..;::; 

e-
o 
if) 

"0 « 

The higher initial 

increasing driving force 

175 

150 

125 

100 

75 

50 
50 60 70 

to overcome all mass transfer resistance of metal 

ions between the aqueous and solid phases 

resulting in higher probability of collision between 

Pb2
+ ions and sorbents. This results in higher 

metal uptakel8
} 

[] OS-A . OS-8 

80 90 100 

Initial Concentrat ion (m g/ l) 

Figure 4. Effect of initial concentration on the adsorption capacity (adsorbent dosage 0.5 g IU 
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Adsorption isotherm adsorption isotherm of each sorbent were shown 

The adsorption of Pb'+ ions was carried in Figures 5 and 6. Langmuir and Freundlich 

out at different initial Pb'· ion concentrations adsorption isotherm parameters were shown 

ranging from 50 to 100 mg/L, at equilibrium time in Table 3. 

(120 min). The linearized Freundlich and Langmuir 

0.12 .,.------------ - --------- -----,030.---------------------------~ 

0.25 0.10 

0.20 -' 
0.08 

.EJ 
<1
0' 

0,15 

0.10 y = 0.0051 x • 0.0928 

.9 

~ u 

006 

0. 04 

005 
R' =0.9982 

0.02 

0.00 +------------------ - -------' 
15 20 25 30 35 

0.00 +----------------------------1 
4 6 10 12 14 16 18 

C Img/L) C Img/l) 

Figure 5. Langmuir adsorption isotherm 01 OS-A and OS-B 

2 20 ,----------------------------, 2.30 

(OS-A) 2.20
2.10 

2.10ci2.00 
0> 
.2 2.00 

190 
1.90~'''.''~"• R' = 0.9892 

1.80 +.--------------------------------j 1.80 

(OS-B) 

y =0.4816x + 1 6684 

R' = 0.9462 

0.80 100 1.20 1.40 160 1.80 0.30 0.50 0.70 0.90 1.10 1.30 

log C, log C. 

Figure 6. Freundlich adsorption isotherm of OS-A and OS-B 
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The both Langmuir and Freundlich 

adsorption isotherm fitted the experimental data 

very well with high correlation coeff icient (R2) 

Freundlich parameters (K and n) indicates w hether 
F 

the nature of adsorption is either favorable or 

unfavorable'9} The intercept is an indica tor of 

adsorption capacity and the slope is an indicator 

of adsorption intensity. A high value of th e 

intercept. KF' is indica tive of a high adsorption 

capacity A relatively slight slope l /n indicates that 

adsorption intensity is good (or favorable) over 

the entire range of concentrations studied, w hile 

>1 steep slope (n > 1) means that adsorption 

i ntensity is good (or favorable) at high 

concentrati o ns but much less at lo w er 

co ncentrations"OI The K value of OS-A and 
F 

OS-B w ere 22 .68 and 46.60, respectively 

The KL parameter i s the adsorption 

equilibrium constant. which not only gives 

information on adsorption rat e compared to 

desorpti on rate of the system, but also was used 

to the heat of adsorption . For exothermic 

reaction, KL should decrease with in creas ing 

temperature of the system" ll. The maximum 

Pb2
• adsorption capacity (q) of OS-A and OS-B 

obtained from Langmuir adsorption isotherm were 

196 and 233 mg-metal/g-adsorbent. respectively 

(Ta b le 3) . The ma ximum Pb 2 • adso rptIOn 

capacity (q ) of va rious ad sorbents (30-796 
m 

Img/g) were shown in Figure 7"2
. ,j 

Table 3. Langmuir and Freundlich adsorption isotherm parameters 

Type of Langmuir Adsorption Freundlich Adsorption 

adsorbent Isotherm Isotherm 

q (mg/g) KL (Ug) R2 K n R2 
m F 

OS-A 196 18.20 0.9982 22.68 2 01 0.9892 


OS-8 233 6.40 0.9786 46.60 2.08 0.9462 
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carbon moss Sludge 
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Figu re 7. The maximum adsorption capacity (qm) of vari ous adsorbent 
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