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Characteristics of Orthophosphate Adsorption on Ferric-alum Residuals( FARs)

from Drinking Water Treatment Plant
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(The Key Laboratory of Water and Sediment Sciences, Ministry of Education, School of Environment, Beijing Normal University,
Beijing 100875, China)

Abstract: Batch tests have been used to investigate the characteristics of orthophosphate adsorption on ferric-alum residuals ( FARs)
from drinking water treatment plant. ICP, SEM and XRD analyses confirm that the FARs enriched in Fe and Al elements and presented
amorphism structure. Orthophosphate sorption by the FARs can be described by the pseudo-second-order kinetics equation. Fine
adsorption effects of the FARs were found under lower pH values, particularly a 40. 13% drop of the adsorptive capacity from pH 4. 6
to pH 7.6. The FARs with grain sizes of 0. 6-0. 9 mm had the highest adsorption capacity of orthophosphate. Experimental data could
be better fitted by the isotherm models of Langmuir (R* =0.973 6) and Freundlich (R* =0.991 6). The maximal adsorptive capacity
reached 45.45 mg-g~' estimated from Langmuir isotherm model. Compared with other natural and industrial materials, FARs has
relatively higher adsorption capacity. Under similar testing conditions, it was found that only about 10% orthophosphate could be
desorbed from the FARs. Further study demonstrated that the mean energy of orthophosphate sorption on the FARs was 13. 36 kJ+mol ™'
and the AH’ >0, AS’ >0 and AG® <0, which indicated that orthophosphate sorption on the FARs was a spontaneously endothermic
chemical reaction. It can be therefore highly valued that the FARs may be applied to phosphate removal from wastewater and surface
walter.
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. XRD[ X' Pert PRO MPD,  , 1(b)] ,
FARs ,
1.1 1 Al, Fe, Ca Mg /%
FARs (2010 ) S Table 1  Comparison of Al, Fe, Ca and Mg contents in
FARs different water treatment residuals/ %
30 Al Ca Fe Mg
FARs ICP FARs 4.61 0.71 8.91 0. 064
(ICP-AES,ULTIMA,JY , France) Al- 3.97 nd") 0.92 nd [15]
( 1) 1 FARs Fe- 0.91 nd 25.10 nd [13]
. Al- 9.20 nd 0.62 nd [13]
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Fig.1 Microstructure of the FARs and its XRD result
2 FARs /%
Table 2 Elements distribution on the surface of the FARs/%
C 0 Al Si S Ca Fe
15.27 41. 86 9.06 4.76 0.70 1.79 26. 56 100
25.76 53.01 6.81 3.44 0.44 0.90 9. 64 100
1.2 0.5 g FARs, 2~3 ,
0.5 ¢ FARs, 25 mL 180 r-min ' (30C £1°C)
(100, 500 1000 mg-L_l) ( 0.01 36 h, R 1.2
mol-L.™"  KCI) , 2-~3 1.4
s 180 r+min ' 310 620 mg'L_I
(30C £1C) , 2.4.6,8,10,12,24 (25 mlL) (10 min, 7000
48 h , 0.45 pm , remin~'), 20 mL
, ( 5 mL ), 20 mL
0.01 mol-L.~"  KCI . 23
1.3 2 h, ,
25 mL 0.31.3.1,15.5,31, 155, , 5 1.
7551550, 2325 3100 mg-L"' ( , ,
0.01 mol-L™" KCI) 50 mL , mL
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1.5 ( 500 ml-L™"),
0.5 g FARs, 1.3 3.
, . FARs pH 1.6
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Table 3 Control factors tests for orthophosphate adsorption on the FARs
/C /mm pH
A /% 10,20, 30, 40, 50, 60 — 6.6
/mm <0.15,0.15~0.6.0.6~0.9,0.9~2.0 30 — 6.6
C pH 3.6.4.6.5.6.6.6.7.6.8.6 30 —
1.6.1 FARs (6) ~(8) LE (kJ-mol ") ;K
FARs (1) .f  Polanyi kI X,
X=<c°_c“)v (1) ,mol-g™'se, ,
" 1 mol-L ™" ; R [KJ- (mol-K) ' ];T
X FARs ,mgeg ;¢
. " (K).
,mg* ;€. 200
. & AG’  AH'  AS"" K,
e s & (9) ~(11), (9),
1.6.2 - AHO ASO, (10) AGO,
17
(2) (3) FARs .
FARs : 0 -0
. Ik, = - A1 AS 9)
In(X, - X,) =InX, - Kt (2) d RT R
0 0 0
XL: 12+L (3) AG’ = AH’ - TAS (10)
, K, X: ; K (X, - X))V 11
X, mgog X, T Xm ()
,mg-g” 5K, ,AG’ (kJ+mol ") ; AH"
3 ,hi K, (kJ-mol ") ; AS’
[k]-(m()l-K)fl];K(1 (mL-gfl);m
1.6.3 (g);V (mL); X,
Langmuir (4) Freundlich mg-L™';
81(5) FARs
v KX, ) 2
- D Ke 2.1 FARs
X, = Kic; (5) FARs
X, ,mg-g ;X Langmuir 2. 2 , ,FARs
,mgrg e, 100 500
,mg-L_];K\ K..n mg-L_l s . S
1.6.4 , ,
FARs o (6) : , 1000 mg-L~" ,FARs
E = (-2K)7 (6) ,
K D-R (7) : ’
InX, = InX, - Kf° (7) , FARs
on ,FARs
f:RTln(Hi) (8) :
C, 1 , 36~48 h ,FARs
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, s , 36 h 4 FARs
Table 4  Kinetic fitting results of orthophosphate adsorption on the FARs
X))
X, It erexp
2 /mg-1~! /mgrg ! /%
100 4.73 0.990 6 4.96 4.63
20
500 16.59 0.9585 18.01 7.89
T 15| 1 000 20.72 0.8233 23.74 12.7
L e 100mgL 100 5.00  0.9996  4.96 0.81
W ool 0— 500 mg/L 500 17.91 0.9891 18.01 0.56
= —v— 1000 mg/L
= 1 000 23.21 0.8827 23.74 2.22
& | R .
1) X, 48 h ;
X, -X,..
or LR 100%
X,
0 10 20 30 40 50 60
Rt [H/h ; )
<2.22% .
2 FARs
. o . , FARs
Fig.2 Kinetics of orthophosphate adsorption on
the FARs for different initial concentrations ’
b
FARs , . e
FARs
, 4. 2.2 FARs
4 ,2 Langmuir  Freundlich FARs
100 500 mg-L~' FARs , 3,
, , FARs , ,
, 1 000 Freundlich ,
mg-L~" | 0.991 6.
50 50
(a) Freundlich 52 (b) Langmuir5f&
40 | 40 .
30t 30 |
e e
g 20t 2 o
Q R?2=0.9916 Q R?2=09736
n=035 Xm =4545
10 10
0 [ 0 F
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
co/mg 17! CofmgL7!
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Fig.3 TIsothermic fitting results by the Langmuir and Freundlich models
. [22] -1
Freundlich n s 45.45 mg-g~, (
0.1<n<0.5 , R N ; : .
n 0.35, FARs . ) ( 4),FARs
[24,26]
b
B (31 )  Langmuir ,FARs

0.001 ~420 mg-g "' , 2.3
FARs 5.
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Table 5 Desorptive capacities of orthophosphate from the FARs under different initial concentrations
/mg-g” !
/mg-g”! /mg-g ! 1 2 3 4 5 /mg-g ! /%
310 11.45 0.44 0.24 0.14 0.11 0.07 1 8.7
620 16.76 0. 86 0.56 0. 46 0.2 0.15 2.23 13.43
6 AG’
Table 6  Adsorptiive capacities of the FARs and AG® under different temperatures
/K
283 293 303 313 323 333
/mg-g ! 14. 69 15. 19 16. 62 17.92 18.2 20. 15
AG°/kJ+(mol-K) ! -9.81 -10.73 -11.65 -12.56 —-13.48 —-14.40
2
K (R 0.9758), (6), E  13.36
kJ-mol ", 8 ~ 16 18
- 1 16 F
kJ+-mol ' i ,FARs
14t
o127
(9), 1/T Ik, 2 .l
~
(R* 0.9410), AH’ g ol
16. 14 kJ+mol ™' AS®  91.7 kJ-mol '. AH’ >0, =l
FARs sAS" >0 4l
,FARs , 2+
0 L h
’ <0.15 0.15~0.6 0.6~0.9 0.9~2.0
(AS" >0). (10), AH' AS° Hitg /mm
AG’, 6, AG’ <0, ,FARs s
0
’ AG Fig.5 P adsorption capacities at different pH
’
2.4.2 FARs 0.6~0.9 mm FARs ,
FARs 5, 0.9~2.0 mm <0.6 mm
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pH FARs 6,
, pH , , pH
4.6 7.6 R X 16. 32
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Fig. 6 P sorption capacities at different particle sizes
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