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ABSTRACT 
 

 The preparation of adsorbent from oyster shell waste used in water treatment for removing heavy metal ions 

and phosphate has been investigated in this study.  The adsorbent used in the heavy metal removal was prepared 

by heating the oyster shell under air atmosphere at 700 C.  It showed removal efficiency of 92.19%, 91.82%, 

90.62%, 72.06% and 24.30% in the removing ion of Fe, Zn, Cd, Pb and Cr, respectively, when the adsorption was 

tested in a small batch equipment.  When the adsorption was tested using a continuous mode equipment, the 

adsorbent had efficiency of 3.6 and 2.9 mg/g for removal of Fe and Cd, respectively.  From the test using the water 

containing all of the 5 metal ions, the adsorbent successfully used for water treatment only when no existing of iron.  

It could adsorb 33 and 38 mg/g of Cd and Zn, respectively.  The study on the phosphate removal revealed that the 

adsorbents prepared under different conditions had different phosphate adsorption isotherms.  Among all the 

prepared adsorbents, the one prepared using air at 700 C was the most effective adsorbent for phosphate removal 

from household waste water with phosphate concentration of  50 ppm.   It had saturated adsorption capacity of 

583.5 mg-P/g.  The adsorbent (15 g) was able to treat the household waste water under the level stricted by law 

with the treatment rate of 1 dm3/h for 10 h.      
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3.  

  3   (1) , (2) 

  (3)   

3.1, 3.2  3.3  

3.1  
 3.1.1  

 3.1.1.1  (  3.1-1) 

 3.1.1.2  

 3.1.1.3  150  200  

 3.1.1.4  

 3.1.1.5  (99.99%) 

 3.1.1.6  (air zero) 

 3.1.1.7  

 

 

 
 

 

 3.1-1  ( ) 

furnace 

reactor 
Oyster  shell 

thermocouple 

N2 or Air 
CO2 
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 3.1.2  

  3.1.2.1  

  

      

 (N2, air  N2  H2O  

50:50  98.5:1.5)  500, 600, 700  800 C  6   3.1-1 

 30  

  desiccators 

  OS  500 C    

  “OS-treated 

/ ”  OS-treated N2/600 C, OS-treated N2/700 C, OS-treated N2/800 C, OS-

treated air/700 C, OS-treated 50N2-50H2O/700 C  OS-treated 98.5N2-1.5H2O/700 C  

   XRF, XRD, BET  

SEM 

  3.1.2.2  

  

      (  3.1-2) 

 200    

    

    (

)    
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 3.1-2  

 

3.2  
 3.2.1  

 3.2.1.1 Pb(NO3)2 analytical grade     

 3.2.1.2 Cd(NO3)2·4H2O analytical grade 

 3.2.1.3 K2Cr2O7 analytical grade 

 3.2.1.4 ZnSO4·7H2O analytical grade 

 3.2.1.5 FeCl3·6H2O analytical grade 

 3.2.1.6  

 3.2.1.7  OS-treated, air/700°C 

 3.2.2  

  3.2.2.1   

      

 25 °C  1    5  

 2  (  

)  

 AAS    3.1  
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  3.1  Pb, Cd, Zn, Fe  Cr  

  (ppm)  (ml)  (g) 

Pb 5, 10, 15, 20 1000 0.1 

Cd 5, 10, 15, 20, 25, 30, 35 200 0.02 

Zn 2.5, 5, 7.5, 10, 15, 20, 25, 30 200 0.02 

Fe 3, 5, 10, 15, 20, 25, 30, 35 200 0.02 

Cr 25, 50, 100, 200, 250, 350 100 0.01 

 

  3.2.2.2   

    (  0.3 cm  0.7 cm)  

 (0.1 g)   3.1  

 6 ppm  (6 ml/min) 

 (Up flow-fed)  Diaphragm Pump  

(5 ml)  2 ml 

    AAS 

 AAS  

 2 ml    3 

 30   5   30 ,  10   2   20   

1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Inlet 
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 3.2-1  

 3.2.2.3   

   (  2.4 cm  30 cm) 

 10 g    

(     ) 

 10 ppm 

   Diaphragm Pump  1 l/h 

 AAS 

 3.2.2.2 

 

3.3  
 3.3.1  

 3.3.1.1  250 ml 

 3.3.1.2  (magnetic stirrer) 

 3.3.1.3  

 3.3.1.4 Spectrophotometer  880 nm 

 3.3.1.5  

 3.3.1.6 Anhydrous KH2PO4 

 3.3.1.7  

 3.3.1.8  5 N 

 3.3.1.9   (K(SbO)C4H4O6·0.5H2O) 

 3.3.1.10   ((NH4)6Mo7O24·4H2O) 

 3.3.1.11  

 3.3.1.12  OS, OS-treated N2/600 C, OS-treated N2/700 C, OS-treated N2/800 C, OS-treated 

air/700 C, OS-treated 50N2-50H2O/700 C  OS-treated 98.5N2-1.5H2O/ 700 C 

 3.3.2  

  

 1.  5 N  70 ml  

 500 ml 

 2.   K(SbO)C4H4O6·0.5H2O  0.2743 g 

 100 ml   

 3.   (NH4)6Mo7O24·4H2O  4 g 

 100 ml  4 C 

 4.  0.1 M  1.76 g 

 100 ml  4 C (  1 ) 
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 5.   20 ml  

  5 N 10 ml 

  1 ml 

  3 ml 

  6 ml 

   

 ( ) 

 

 2 – 3    

(  4 ) 

  

 1. :  10, 25, 50, 75  100 ppm   5 

ml  100 ml  0.8 ml  

 10   30     %T  880 nm  

 (ppm)  log (%T) 

 2. :  5 ml  

 0.8 ml   10   30    

 %T  880 nm  

 3.3.3  

 3.3.3.1    

 1.   Anhydrous KH2PO4  

 2.  3.3-1  200 ml 

 3.  0.1 g  

 4.  5 ml  (6 ) 

 5.  

 

 

 

 

 

 

                      
 

  3.3-1  

 

 3.3.3.2   

   OS-treated N2/700 C   OS-treated 

N2/700 C   

thermocouple 
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  0.1–1 l/h  (

 2.5 cm  20 cm)  jacket  

 3.3-2 

  

 15, 20, 25  100 ppm (

)  0.3 g  

 0.3 l/h  20 – 

30   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3.3-2  

 

 3.3.3.3   

    3.3-3   

(  3.3-4),  (  3.3-5)  OS-treated N2/700 C (  3.3-6) 

     

   

, , , 

,     

    

 1 mm 

 

   3.3-7  

 12 ppm  1 l/h 
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4.    

4.1  
  (OS)  XRF  (CaCO3) 

 (  93.3 )    4.1-1   

 (OS-treated)  600, 700  800°C 

  500°C  10 

   ( 500°C) 

  ( 600°C) 

 CaCO3  CaO  
 

23 COCaOCaCO  
 

 4.1-1 (OS-treated, air/700°C  OS-treated, N2/700°C) 

 700°C  6   CaO   CaCO3 

    XRD (  4.1-1)  

CaCO3  700°C  CaO    

 600°C 

 CaCO3  

  4.1-2  BET  

 (700°C)    

  OS-treated, air/700°C  OS-treated, N2/700°C  2 

   OS-treated, dried N2/700°C 

  OS-treated, wet N2/700°C     4.1-2 

 

     

BET  SEM  

 

 

 

 4.1-1  XRF 
 

 (%wt) 
 

CaCO3 CaO MgO SiO2 Fe2O3 SrO Al2O3 CuO Others 

OS 93.300 - 1.270 1.910 0.622 0.307 0.839 0.487 1.752 

OS-treated, air/700 C - 97.000 0.917 0.588 0.252 0.244 0.235 0.232 0.532 

OS-treated, N2/700 C - 95.700 1.280 0.804 0.341 0.246 0.309 0.277 1.043 
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 4.1-2  700°C 

 
 

 OS Surface area (m2/g) 

OS-treated, dried air/700°C  

OS-treated, dried N2/700°C 

OS-treated, wet N2/700°C 

5.85 

2.39 

14.79 

 

 

 

 

 

 

 

 

 
 

 (a) (b) 

 

 

 

 

 

 

 

 

 

 

 (c) (d) 

 

 4.1-2  SEM  700°C  6   (a, b) 

  (c, d)  
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4.2  
4.2.1   

4.2.1.1  

  4.2-1  (C) 

 (q)    

 (Langmiur)  (Freundlich)  q  C 

 (  4.2-2)  (  4.2-3)   

 R2 (coefficient of determination)  

0.9852    R2  0.9803 

 

 (OS-treated, air/700°C)  

  K  q0  934   23,474 

   

  4.2-1  

  

  OS-treated, air/700°C 

 (q0)   K  q0  4.2-1  q  c  

 (  4.2-4)  Dolomite  [1]  OS-treated, air/700°C 

  q0  OS-treated, air/700°C  q0  Dolomite 

 K  OS-treated, air/700°C  K  Dolomite  
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 4.2-1  (  25°C) 

 

 

 
 4.2-2  (  25°C) 
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 4.2-3  (  25°C) 

 

 

 

 4.2-1   
 

   R2 
q0 

( ./ . ) 

K 

( ./ .) 
n 

Kf 

( ./ .)1/n 

OS-treated, air/700°C   0.99 23,474 934 - - 

Dolomite [1]  0.97 21.76 0.067 - - 

Phosphate rock [2]  0.99 12.78 5.88 - - 

 0.99 15.47 5.26 - - Activated phosphate 

rock 
[2] 

 0.99 - - 2.63 2.66 

Limestone [3]  0.96 0.017 0.5 - - 
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 4.2-4   K   

q0  4.2-1 (Phosphate rock, Activated phosphate rock  Limestone 

) 

 

4.2.1.2  

  4.2-5  (C) 

 (q)    

 (Langmiur)  (Freundlich)    q  C 

 (  4.2-6)  (  4.2-7)   

 R2  

0.9894  R2  0.9637 

 

 (OS-treated, air/700°C)  

  K  q0  2.3   410 

  

  4.2-2  

 

  OS-treated, air/700°C  
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 4.2-5  (  25°C) 

 

 

 

 
 

 4.2-6  (  25°C) 
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 4.2-7  (  25°C) 

 

 4.2-2   
 

  
 

 
R2 

q0 

( ./ . ) 

K 

( ./ .) 
n 

Kf 

( ./ .)1/n 

OS-treated, air/700°C   0.99 410 2.3 - - 

Phosphate rock [2]  0.98 10.46 21.28 - - 

Activated phosphate rock [2]  0.98 13.56 25.00 - - 

Limestone [3]  0.97 0.018 0.41 - - 

 

4.2.1.3  

  4.2-8  (C) 

 (q)     q 

 C  4.2-9   

 R2  0.8718  Kf  n  

395.84 ( )1/0.85  0.85  

  4.2-3  

    Kf  n  (q = KfC
1/n) 

 Kf  n   q   c 

 Kf  n  4.2-3  4.2-10   

 OS-treated, air/700°C 
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 4.2-8  (  25°C) 

 

 

 
 

 4.2-9  (  25°C) 
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 4.2-3   
 

   R2 
q0 

( ./ . ) 

K 

( ./ .) 
n 

Kf 

( ./ .)1/n 

OS-treated, air/700°C   0.87 - - 0.85 395.84 

 0.97 8.54 55.56 - - 
Phosphate rock [2] 

 0.97 - - 1.59 0.24 

 0.97 13.56 25.00 - - Activated phosphate 

rock 
[2] 

 0.97 - - 1.54 0.31 

 0.98 0.012 1.7 - - 
Limestone [3] 

 0.97 - - 0.79 0.013 

 

 

 

 
 4.2-10    Kf 

  n  4.2-3 (Phosphate rock, Activated phosphate rock  Limestone 

) 
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4.2.1.4  

  4.2-11  (C) 

 (q)    

 (Langmiur)  (Freundlich)  q  C 

  4.2-12  4.2-13     

 R2  0.9034 

 R2  0.9243 

 

 (OS-treated, air/700°C)     

  Kf  n  27.41 ( )1/1.28  1.28  

 4.2-4  OS-treated, air/700°C 

  Activated carbon  [4] 

  Kf   OS-treated, air/700°C 

 Activated carbon  n   

 q   c  Kf  n  4.2-4 

 4.2-14  OS-treated, 

air/700°C  Activated carbon 

  

 

 
 4.2-11  (  25°C) 
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 4.2-12  (  25°C) 

 

 

 
 

 4.2-13  (  25°C) 
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 4.2-4  
  

   R2 
q0 

( ./ . ) 

K 

( ./ .) 
n 

Kf 

( ./ .)1/n 

OS-treated, air/700°C   0.92 - - 1.28 27.41 

 0.98 81.89 6.25×104 - - 
Activated carbon [4] 

 0.98 - - 2.00 3.484 

 

 

 
 4.2-14   Kf  

 n  4.2-4 

 

4.2.1.5  

  4.2-15  (C) 

 (q)  (Freundlich)    q  C 

 (  4.2-16)  Kf  11.17 (

)1/0.67  n  0.67   

 R2  0.9243  

  4.2-5  OS-treated, air/700°C 

  Limestone  [4] 

  Kf   OS-treated, air/700°C 

 Limestone  n   

 q   c  Kf  n  
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4.2-5  4.2-17  

 Limestone  

  OS-treated, air/700°C 

 Limestone  

 

 

 
 

 4.2-15  (  25°C) 

 

 
 4.2-16  (  25°C) 

 4.2-5  
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   R2 
q0 

( ./ . ) 

K 

( ./ .) 
n 

Kf 

( ./ .)1/n 

OS-treated, air/700°C   0.94 - - 0.67 11.17 

 0.99 0.016 1.87 - - 
Limestone [3] 

 0.97 - - 0.71 0.016 

 

 

 
 

 4.2-17    Kf 

  n  4.2-5 

 

 

4.2.1.6  

  4.2-6  25°C 

  (

:  (K)  (q0), :  (Kf) 

 (n))  R2  

  (OS-treated, air/700°C) 

 ,    
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 4.2-6   (  

25 °C) 
 

  
q0 

( ./ . ) 
n R2 

K 

( ./ .) 

Kf 

( ./ .)1/n 

  23,474 - 0.9852 934 - 

  410 - 0.9894 2.1 - 

  - 0.85 0.8718 - 395.84 

  - 1.28 0.9243 - 27.41 

  - 0.67 0.9390 - 11.17 

 

 

4.2.1.7  

  4.2-7   OS-treated, air 700 C 

  (4.2-3)  

   

  (4.2-3) 

 

  Ci   

  C   

 

 4.2-7  

  (%) 

 72.06 

 90.62 

 91.82 

 92.19 

 24.30 

  

  4.2-7  OS-treated, air 700 C   

 90%  

 72%   24% 
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4.2.2   

   

 (C)  C  (t) 

 (breakthrough curve)  4.2-18  4.2-22  

  

 
 4.2-18  (  25°C) 

 

 

      
 4.2-19  (  25°C) 

C/
C 0

 
C/

C 0
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 4.2-20  (  25°C) 

 

 
 

 4.2-21  (  25°C) 

 

C/
C 0

 
C/

C 0
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 4.2-22  (  25°C) 

 

 

 

 (C) 

    4.2-8   

 

   

 C/C0  =  (4.2-1) 

   (6 )  

 

 (4.2-2)  

 

 = C0 ×  ×   (4.2-2)  

 

 

 

 

 

 

 

 

 

 

C/
C 0
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 4.2-8  

  
 

 
 

( ./ ) 

C/C0
 

(-) 

 

( ) 

 

( / ) 

 < 0.05 0.008 * - 

 < 0.01 0.002 5 2.9 

 < 5 0.8 * - 

 < 0.5 0.08 10 3.6 

 < 0.05 0.008 - - 
 

 *   

 

4.2.3   

  

 2.4   10    , , 

,    10  

 1   

  4.2-23  4.2-24 

 5 

   

 4.2.2  

  4.2-23  4.2-24  10 

  10  33  38  

   10  330 

 2.9   380  5.8    

 10  8.7  0.87 
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 4.2-23  

 

 

 
 4.2-24  

C/
C 0

 
C/

C 0
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4.3  
4.3.1  

  4.3-1 

 ( )   700°C 

 (OS-treated, N2/700°C)  

 15, 20, 40, 50, 75  100 ppm 

  4    

  4   6  

 

  4.3-2  OS-treated, N2/700°C  OS-treated, 98.5N2-1.5H2O/700°C 

    

 OS-treated, 98.5N2-1.5H2O/700°C 
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 4.3-1  (OS-treated, N2/700°C)  25°C  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.3-2  50 ppm  25°C  

 (   ) OS-treated, N2/700°C  (   ) OS-treated, 98.5N2-1.5H2O/700°C 

 

0
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0.4

0.6
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o
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0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0 10 20 30 40 50 60 70

Ce (ppm)

q 
(m

g-
ad

so
rb

 P
/m

g-
C

aO
)

 

 

  4.3-3, 4.3-4, 4.3-5  4.3-6  OS, OS-

treated air, OS-treated N2  OS-treated, 98.5N2-1.5H2O    
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 4.3-2   
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Abstract – The utilization of oyster shell wastes as the adsorbent for phosphate removal was studied.  

Oyster shell after thermal treatment has high CaO content which is active component for the 

phosphate adsorption from wastewater.  The treating conditions influencing the adsorption capacity 

were investigated.  The results indicated that the treating temperature and type of inert gas strongly 

effected on the phosphate removal capacity.  The maximum adsorption capacity calculated from 

Langmuir isotherm was 583.5 mg-P/g when the oyster shell treated at 873 K in N2 atmosphere was 

used as the adsorbent.  The obtained adsorbent was successfully used for phosphate removal in the 

continuous system as well. 

 

Keywords: Oyster shell, phosphate removal, adsorption, CaO, wastewater  
 

 

1. INTRODUCTION 

Recently, the amount of domestic wastewater has been 

discharged increasingly. In 2007, the wastewater was 

discharged to the surroundings about 15,000 million liters/day 

and it is likely to reach 20,000 million liters/day by 2017 [1].  

The household wastewater contains 4 – 15 mg/l of phosphate 

and the discharge of high concentration of phosphate into the 

river, sea or other reservoirs cause the rapid growth of algae 

called the eutrophication phenomena [2].  Therefore, the 

maximum allowable of phosphate in the discharged wastewater 

was set as 2 mg/l.   

The methods for removal of phosphate from the wastewater 

have been proposed by many researchers [2-5].  The chemical 

precipitation with alum, Al(OH)3 and ferric oxide are widely used 

to remove phosphate at industrial level [3].  However, a toxic 

chemical was also generated and difficult to handle these 

wastes.  The phosphate removal by adsorption is an attractive  

 

 
method due to the environmental friendly and simplicity 

operation [4-9].  The adsorption material such as dolomite, red 

mud, fly ash are considered as a low cost adsorbent and can 

be used to remove the phosphate economically but these 

materials have low capacity [4-6].   

The oyster shell enriched with CaCO3 seems to be the one 

of the suitable materials for phosphate removal because CaO 

which is an active component for phosphate adsorption could 

be produced from CaCO3 [7].  Furthermore, a large amount of 

oyster shells discharging from the restaurant as waste cause 

the environmental problem as well.  Therefore, the recycling of 

the abundant oyster shells into the useful materials can be the 

method to reduce the oyster shells wastes. 
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The objective of this research was to study the feasibility of 

the recycling oyster shell wastes as the absorbent for 

phosphate removal.  The effect of the treatment condition on 

the phosphate removal was investigated.  In the addition, the 

phosphate removal in the continuous system was also 

performed.   

2. METHODOLOGY 

2.1. Materials 

Oyster shells (OS) were obtained from Surat Thani province.  

The dried shell was crushed into the size of 1-3 mm.  The 

obtained powder was treated under the different atmospheric 

gas (dry N2, wet N2, dry air and wet air).  The treating 

temperature was varied in the range of 773 – 1073 K.  The 

treated oyster shell was denoted as OS-treated, gas-T 

hereafter.   

2.2. Adsorption studies 

The test of phosphate adsorption over the treated oyster 

shells was divided into 2 parts. The first part was the batch 

experiment and the second part was the continuous experiment.    

Standard phosphate solution was prepared from dissolving 

anhydrous KH2PO4 (Ajax Finechem Pty Ltd. ( in the distilled 

water to obtain the 15 – 100 mg/l of phosphate solution.  For 

the batch experiment, 0.1 g of treated oyster shell was mixed 

with 200 ml of standard solution and magnetically stirred.  The 

solution was collected every 20 min in order to measure the 

residue phosphate according to the ascorbic method [8] with 

UV-Vis spectrophotometer. 

The second part was the continuous experiment, the 15 mg/l 

of phosphate solution was fed into the stainless tube which 

packed with the 0.3 g of adsorbent.  The volumetric flow rate 

was 300 cm3/h.  The phosphate concentration at the outlet was 

measured by the same method employed in the case of batch 

experiment.   

3. RESULTS AND DISCUSSIONS 

3.1. Properties of oyster shell and treated oyster shell 

Fig.1 shows the XRD patterns of the oyster shell (OS) and 

treated oyster shell under the temperature of 973 K in air 

atmosphere (OS-treated, air-973).  The peaks corresponding to 

the CaCO3 was found in the XRD pattern of OS and the peak 

corresponding to the CaO appeared in the XRD pattern of OS- 

treated, air-973.  The results indicated that CaCO3 existed in 

the oyster shell transformed into the CaO after the thermal 

treating at a high enough temperature.  These results 

corresponded to the XRF results as showed in Table 1.  The 

oyster shell had 93% of CaCO3.  After treating at the 

temperature of 973 K, the oyster shell treated under air and N2 

atmosphere contained 97 and 95.7% of CaO respectively.  The 

previous studies reported that the efficiency of phosphate 

removal increased with the increasing of CaO content [7].  

Therefore, the obtained adsorbent material in this study seems 

suitable for phosphate removal.   

Fig.2 shows the SEM image of the OS-treated, air-973 and 

OS-treated, N2-973.  It was found that the surfaces of oyster 

shells treated under the air atmosphere were smooth and had 

the larger size particle than those of oyster shell treated under 

the N2 atmosphere.  
 

 
 
 

 
 
 
 
 
 
 

Fig. 1 XRD spectrum of (a) OS and (b) OS-treated, air-973 
 

 

Table 1 The composition of OS and OS treated from XRF 
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Fig.2 Scanning electron microscopy (SEM) micrograph of  

(a) OS-treated, air-973; (b) OS-treated, N2-973 

3.2. Phosphate removal 

Fig.3 showed the effect of treating temperature on the 

percentage of phosphate removal.  It could be seen that at a 

lower temperature of 873 K, the percentage of phosphate 

removal was approximately 50% and the adsorption capacity 

increased to 80% when the treating temperature was raised to 

973 K.  After reaching the maximum value, the percentage of 

phosphate removal dropped to 40% when the treating 

temperature increased to 1073 K.  The results suggested that 

the treating temperature strongly affected on the removal 

capacity of the adsorbent.    

In order to study the effect of water and type of inert gas on 

the phosphate removal, the oyster shell was treated under the 

difference of gas atmosphere (dried N2, dried air and wet N2).  

It was found that the adsorption capacity of OS-treated, air-973 

was lower than those of OS-treated, N2-973 about 1.7 times as 

showed in Fig.4.  In the addition, the difference of adsorption 

capacity was no observed when a small amount of water was 

added (Fig.4).  It could be said that the addition of water 

showed negligible effect on the capacity of adsorbent in this 

study.   

Fig.5 shows the adsorption of phosphate by OS-treated, N2-

973 at various initial phosphate concentrations.  It could be 

seen that phosphate quickly adsorbed over OS-treated, N2-973 

in the first 120 min.  After that the concentration of phosphate 

was almost constant and the adsorption reached equilibrium at 

180 min for all initial phosphate concentrations.  Therefore, the 

phosphate concentration at the time of 180 min was selected to 

investigate the adsorption isotherm. 

In order to describe the adsorption behavior of OS treated, 

the Langmuir and Freundlich isotherm equation was employed 

as listed in eq.(1) –(4). 
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Fig.3 Effect of treating temperature on the phosphate          

    removal (C0 = 25 mg/l, N2 as inert gas) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 The percentage of phosphate removal at various 

atmospheric conditions (C0 = 50 mg/l);  

(  ) OS-treated, N2-973, (  ) OS-treated, air-973 and  

(  ) OS-treated,1.5%H2O+N2-973 
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Fig.5 Phosphate removal with time at various initial 

phosphate concentrations (OS-treated, N2-973 as adsorbent) 

C0 = (  ) 15; (  ) 20; (  ) 40; (  ) 50; (  ) 75 and (  ) 100 mg/l 

 

 The linear form of Langmuir and Freundlich isotherm 

equation (eq.2 and 4) were used to estimate the adsorption 

isotherm constants and the correlation coefficients (R2).  Table 2 

shows the adsorption isotherm equation and its constants with 

the highest value of R2 for each adsorbent.  It should be noted 

that the oyster shell treated under air atmosphere fitted better 

with Freundlich equation.  Contrary to the treating in air, the 

oyster shell treated under N2 atmosphere was well fitted by 

Langmuir equation.  These results indicated that the type of inert 

gas had strongly effect on the adsorption behavior of the 

adsorbent and the phosphate adsorbed over the oyster treated 

under N2 atmosphere was the monolayer adsorption.       

 Furthermore, the adsorption constants listed in Table 2 also 

indicated the adsorption capacity of the adsorbent.  The 

maximum adsorption capacity determined by Langmuir isotherm 

equation was 583.5 mg-P/g obtained from OS-treated, N2-873  

which greater than the adsorption capacity of 108.9 and 23 mg-

P/g obtained from the treated crab shell and scallop shell, 

respectively [9-10].  Fig.6 shows the adsorption isotherm of the 

OS-treated, N2-873, the symbol represented the data obtained 

from the experiment and the line represented the calculated 

data from Langmuir isotherm equation and its constants from 

Table 2.  The result shows that the adsorption model showed a 

good correlation between the experimental and calculation 

results. 

 

Table 2 Adsorption isotherm equation and its constants of OS 

and OS treated 
adsorbent Isotherm equation constants    R

2
 

OS 

 

OS-treated, air-973 

 

OS-treated, air-1073 

 

OS-treated, N2-873 

 

OS-treated, N2-973 

 

OS-treated, N2-1073 

Freundlich 

 

Freundlich 

 

Freundlich 

 

Langmuir 

 

Langmuir 

 

Langmuir 

 

n = 0.7298 

Kf = 4.8 10
-4
 

n = 1.5625 

Kf = 5.22 10
-3
 

n = 1.0930 

Kf = 2.04 10
-3
 

q0 = 0.5835 

KL = 249.95 

q0 = 0.1230 

KL = 15.216 

q0 = 0.2719 

KL = 67.7910 

- 

 

0.98 

 

0.95 

 

0.99 

 

0.97 

 

0.94 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.6 Langmuir isotherm of the phosphate adsorption 

on the OS-treated,N2-873   

 

In order to study the possibility of the using of the treated 

oyster shell as the adsorbent for phosphate removal from 

household wastewater, the phosphate adsorption in the 

continuous system was carried out.  Fig. 6 shows the 

adsorption of phosphate when the phosphate solution was 

continuously feed through the bed of OS-treated, N2-973.  The 

result shows that the adsorbent could be used to maintain the 

phosphate concentration under the regulation limit (2 mg/l or 

C/C0 =0.13) for 2 hours when the initial concentration of 

phosphate solution was 15 mg/l. 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

Fig. 7 Phosphate adsorption on the OS-treated, N2-973  

  in the continuous experiment (C0 = 15 mg/l)  
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4. CONCLUSION 

The waste oyster shell could be used as the adsorbent for 

phosphate removal.  The adsorption capacity of the adsorbent 

was strongly affected by the treating temperature and type of 

inert gas.  The highest adsorption capacity of 583.5 mg-P/g was 

obtained when the oyster shell was treated at the temperature 

of 873 K under N2 atmosphere.  Furthermore, the obtained 

adsorbent was also successfully used for phosphate removal in 

the continuous system.   
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6. NOMENCLATURE 

 C concentration of phosphate (mg/l) 

 C0 initial concentration of phosphate (mg/l) 

 qe amount of adsorbed phosphate per gram of 

adsorbent (mg-P/g) 

 Ce  phosphate concentration in the solution at 

equilibrium (mg/l) 

 q0, KL  adsorption isotherm constant for the Langmuir 

equation  

 n, Kf  adsorption isotherm constant for the Freundlich 

equation 
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