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Adsorption of phosphate on shale granules Zhao Guiyu, ZhouQi. (State Key Labof Pollution Control and Resource

Reuse, T ongji University, Shanghai 200092)

Abstract: Adsorption isotherm and kinetics experiments were carried out to determine the effects of tempera

ture, particle size and initial concentration on aqueous phase adsorption of phosphate on shale granules as a wetland

construction material. T he adsorption isotherm data were well represented by the Langmuir isotherm model with the

maximum adsorption capacity of 131. 58 mg P/ kg. T he adsorptive capacity increased with increasing initial phosphate

concentration (6, 12 and 18 mg P/L) and temperature (5, 25 and 35 C). Smaller particle size (30, 60 and 100 mesh

sizes) resulted in ashorter time to reach the equilibrium state as well as a higher first order rate constant. The highest

capacities were observed using 60 mesh particles. T he pseudo second order kinetics was useful since it fitted t he ad-

sorption rate data better than the first order kinetics and that the calculated ¢. was a good estimate of the equilibrium

isotherm capacity.
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Table 1 The chemical compositions of the shale, determined by XRF
CaO Fe 03 MgO Si0, Al,03 Cl K,0 CuO P,05 Ti0, Na, O MnO
1.19 7.26 1.58 63. 00 22.10 0.09 3.01 0. 06 0.35 0. 81 0.28 0.15
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Fig. 1 T he adsorption isotherm of phosphorus from
aqueous solution onto shale

q(mg/kg) (1)

_ ( CO— C(! V 1
= W (1 , , Langm uir
: Co KH2PO+ , Langmuir ,
mg/ L; Ce ,mg/L; 131. 58 mg/ kg,
Vv LW , g 27.32 L/kg
) 2.2 BIRANIER BRI AER 69 %0
2.1 R FiRE , 6 12 18 mg/ L ,
Langm uir Freundlich 2 6 mg/L
’ . 12mg/ L,
X= k¢ (2 ,  57.3mg/ kg 59.4 mg/ kg
c_ C 1 )
X=XaT K- Xa (3) ,
X , mg/ kg; Xm  Langmuir ,
,mg/kg; ¢ , , 18
mg L; K Xn mg/L | , 59. 4
s kn K ; k mg/ kg 90.7 mg/ kg, 52.7%
,n , 0.1~ ,
0.5 , , 2.0 , ,18 mg/L , 48 h
K , 2mg/L
) ,24 h
! . 2.3 W M kAR XTRI AR 9%
, ) 3 ’
, 14 mg/L. ,
94 mg/ kg, , , 60
’ ’ ,  59.4mg/kg, 30 100
) ) 112.9%  80. 0%
2 2 2
, Langmuir Freundlich .
2
Table 2 The Freundlich and Langmuir adsorption isotherms of phosphorus on shale
Freundlich Langmuir
k n r2 K/(L*mg ') X,/(mg *kg ') Ke*X,/(L *kg!) r2
36.263 0.358 0.911 0.21 131.58 27.32 0.983
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Fig.3 Adsorption kinetics of phosphorus on shale at ’
different particl sizes
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T able 3 Comparison of first- order and pseudo second order kinetics of P adsorption on shale in different conditions

Ge, exp!) o

qe qel Ge, exp
/(mge* kg~ 1) A ki/h-1 r2 . . 1 r?
/(kg *mg”"*h™") /(mg* kg ") | %
6 57.25 52.35 0.108 0.951 1.93x 10-3 64. 10 0.984 11.97
/(mg® L-1) 12 59.38 57.24 0. 159 0.988 2.51%10-3 67.11 0.987 13.02
18 90.73 87.72 0. 085 0.974 8.20x 10-+4 109. 89 0.987 21.11
30 27. 86 24.96 0. 141 0. 957 4.88x 10-3 30. 30 0.982 8.76
/ 60 59.38 57.24 0. 159 0.988 2.51% 10-3 67.11 0. 995 13.02
100 32.99 30. 36 0.419 0.932 1.35% 10-2 33.78 0. 994 2.39
5 59.12 53.04 0. 180 0.952 2.97x10-3 63. 69 0. 990 7.73
/C 25 59.38 57.24 0. 159 0.988 2.51x10-3 67.11 0. 995 13.02
35 73.99 67. 10 0. 139 0.977 1.74% 1073 81.97 0.991 10. 78
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