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Abstract: In order to effectively remove phosphate from wastewater a novel granular adsorbent was prepared by coating Fe-Mn binary oxide onto the
surface of sea sand and was characterized using multiple techniques. The SEM image indicated the coated sea sand surface was rough and porous. The
specific surface area of the sea sand was increased from 0.06 to 2.52 m> g™ ! after coating. The adsorption behavior of phosphate was also investigated with
batch sorption experiments and the results show that the coated sea sand was more effective for phosphate removal with a maximal phosphate adsorption
capacity of 1.01~1.23 mg*g™"  which outperformed the majority of coated sands reported in literature. The adsorption curve was better fitted by pseudo—
second order model than pseudo-first order model indicating a chemical adsorption occurred. The phosphate adsorption depended on solution pH  while
ionic strength had little effect. The effects of coexisting anions on phosphate adsorption decreased in the order of Si03> CO%™> F~>S03™> CI™.
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2 ( Materials and methods)
2.1
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; 40~ 80
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: HZQ-C DH-201
TU-810
3 STAR pH
2.2
2.2.1
/ ( Zhang et al. 2009) :
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30 ~ 60 min
3~4
2.2.2
1h 55 C 12 h
CS.
2.3
2.3.1
200 remin”"' 24 h 0.45 pm
ICP-OES R
232
Beishide3H-2000111
BET
2.3.3 SEM
Hitachi S-4800
2.3.4 EDAX

Hitachi S-4800
EDAX
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2.4 2.5.3
(25+0.1) °C 200 remin”"' (4)
24 h 6h 2h 1 pH 18 h (5)
2 pH pH NaNO,( 0.01 (1)
mol=1.7") 4 g7
0.45 pm t
2.4.1 50 mL g, =q1-e™) (4)
(0~20 mgeL™") 200 mg (2)
pH pH 5.0+
0.1(7.0+0.1) NN .
2.4.2 1.0 L 3.0
6.0 mgeL"™ q. kot
40¢ pH 5.0£0.1. N T gkt )
. q, 4. t
2.43 pH 50 mL (mgeg™") &, (h™") &,
5.0 mge L™ 200 mg (gemg*h™").
pH (3.0~11.0) (0.1 o
mol*L™" 0.01 mol*L™" 0.001 mol+L™" NaNO,) 3 (Results and discussion)
HNO, NaOH pH  pH 3.1
3.1.1
2.4.4 50 mL N 1
5.0 mgeL™' pH 7.0+0.1 200 13.68 mgeg™'
mg CI"\F~.CO> .80, SiOY 5 2.03 mgeg™
4 (0 mmol*L™" 0.1 mmol+L™
1.0 mmol*L™" 10 mmol*L™") 2.5%
2.5 1.9%
2.5.1 q (1) : 1.0% ( Rusch
qg=Wec, —¢)/m (1) et al. 2010) . BET
q (mgeg™) V (L) 0.06 m*g"' 2.52 m*g"
¢ € t (mgeL™")
¢ c. m (g 1
25.2 Table I Amount of Fe and Mn on sorbents ( OS original sand; CS
Langmuir (2)  Freundlich (3) coated sand) and BET specific surface area of sorbents
/ / /
g ke, (mgeg™) (mgeg™) (m*g™)
% =717 he (2) 0S8 1. 12 0. 01 0. 06
cs 13. 68 2.03 2.52
q. = ke (3)
q. (mgeg™) ¢ 3.1.2 SEM
(mgeg™) e, SEM 1 (
(mgeL™) & (Lemg™) 1 a b
ke (Leg™) n (1 ¢ d
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1 (a. x100 ; b.
x10000 ; c. x100 ; d. x 10000
)
Fig.1 SEM images of original sand and coated sand ( a. OSx100;
b. OSx10K; c. MSx100; d. MSx10K)

3.1.3 EDAX
EDAX 2
EDAX
.0 > Si a
I I I L I I I
o b
Mry Irfa Fe Ma
F .
j’e S’1 Ni“ F‘e
c
Fe Mn
l\/{n N/ Fe
L L | J.L | |

0 1 2 3 4 5 6 7 8 9 10

Energy/keV
2 EDAX (a. 7 b.
,c. )
Fig.2 EDAX images of original sand and coated sand without and
with P adsorption ( a. original sand; b. coated sand without

P adsorption; c. coated sand with P adsorption)

3.2
| pH 7.0 5.0
121 o A
S iy
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éD e
ﬁ —=
EON A
z
.% m OS(pH 5.0)
g 0.6 ® MS(pH 7.0)
g
2 A MS(pH 5.0)
2 04 -
| Langmuir
2 - - - Fremdich
02
0 :I_._.T————.-I—-_-T-—.I—_I—. I
0 2 4 6 L - ,

Equilibrium concentration/(mg-L™")

3 ( =50 mL
=200 r* min"! =200 mg pH=7.0+
0.1 pH=5.0£0.1 (0~20 mgL")
=24 h T=(25:1) C
Fig.3  Adsorption isotherm for phosphate by original sand ( OS) and
coated sand ( CS) at volume of solution =50 mL agitation
speed =200 remin~' adsorbent dose =200 mg pH=7.0+
0.1 pH=5.0 0.1 initial P concentration=0~20 mg*L™"
equilibrium time=24 h and T=(25%1) C

Freundlich
4. Freundlich
R> 0.95(pH7.0) 0.95(pH5.0)

Langmuir

Langmuir R* 0.92 (pH 7.0)
0.93 ( pH 5.0) Freundlich
( Zhang et al.
2009) .
Freundlich

1.23 mgeg™'( pH 5.0)
0.07 mg+g ' ( pH

1.01 mgeg™'( pH 7.0)

5.0) 13~17
2.5%
37.6 mgeg”'( pH 7.0)
46.4 mg*g '( pH 5.0)
36 mgeg '( pH
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5.6) ( Zhang et al. 2009)

2 Langmuir  Freundlich

Table 2 Langmuir and Freundlich isotherm parameters for phosphate adsorption on original sand ( OS) and coated sand ( MS)

Langmuir Freundlich
o/ (mgeg™) e /(Leg™) R’ ky /(Lemg™") 1/n R’
OS( pH 5.0) 0.07 0.32 0.83 0.02 0.43 0.68
OS( pH 5.0) 0.94 2.60 0.92 0.58 0.23 0.95
0S( pH 5.0) 1.08 5.17 0.93 0.72 0.23 0.95
3
Table 3 Effects of reported coated sands for the phosphate removal
/ - / /
- P . -
(mgeg™') (mg-L™") (gL
1.23 5.0 0~20 4
1.01 7.0 0~20 4
0. 0090 7.0 0.2~15 4 2009
1.50 5.0 5~30 20 Boujelben et al. 2008
0.88 5.0 5~30 20 Boujelben et al. 2008
0. 080 7.0 0.5~15 50 2007
0.15 7.0 0.1~0.5 60 2007
33
4 10 *
L ey e
(0~3 h) ~ sl
(3~24 h). g |
= ]
0.6 @ e
ELY N S —— .
=R
c 041 m Co=3.0mgL"!
2
= ® Co=6.0mgL’’
s
ﬁ 0.2 Pseudo-first-order
= =~ Pseudo-second-order
0 1 1 | 1 | ! | ! 1 1 | 1 |
0 4 8 12 16 20 24
Time/h
4 4. 4 ( 6.0
- oo, 7! o7t =10L -
(R°=0.96 C,=3.0 mg-L"; R°=0.98 C,=6.0 mg'l” 3.0 mg*l Lot
-1 2 4 ¢ pH=5.020.1 =200 remin~! T=(25+1) C
mgeL™) (R°=0.90 C,=
=24 h)
1. p2_ _ |
3.0 mg.L ; R7=0.92 CO =6.0 mg L ) Fig.4 Kinetics of phosphate adsorption on coated sand at initial P
concentrations = 6.0 mg*L™" and 3.0 mg*L™" volume of

solution=1.0 L. adsorbent dose =4.0 g pH=5.0 = 0.1
agitation speed = 200 remin™' T=(25+1) C and

equilibrium time=24 h
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4
Table 4  Kinetic parameters for the phosphate adsorption on coated sand
Cy/
(mgg™) q./(mgeg™") ky /! R? g./(mgg™") ky/(mgeg™*h™") R’
3.0 0.55 1.26 0.90 0.60 3.17 0.96
6.0 0.90 0.53 0.92 1.01 0.72 0.98
3.4 pH Si0Y  PO,”
pH
5. pH : 5
pH Si0y > CO; >F >S07 > CI°
. pH 3.0
0.79 mg+g™' H 11.0
Te"e P 0.51 0 w20.! mmol-L™
. [ B3 1.0 mmol-L™! I 10 mmol-L”
-1
mg*g pH "V VEaN M
: NANSANANAN -
WN=RNEN=RKER:E
EENEINENERN:E RN E
SN N N N
- NAININ AN N
- NAINAI NI NN =
- AN NI NN N AINE
o 2 02 §%= \%= \%= \%= §%=
osf >NEAN A NANERNE
¢ NS RNEN=ERNERNE
IR SN ENEN:ENENRNE
2 ¢ % NERERK:ERKN:ERE
506 noa BN S BN S BN S BN S N S
s L 2 s 2 cor ar P sior sor
§ 04 1= O NaNO; 0.001 mol-L™! 6 ( =5.0
% B ® NaNO; 0.01 mol-L™! mge 7! =50 mL =200 mg
::2 02 A NaNO; 0.1 mol-L™! pH=7.0+0.1 =200 remin~!  T=(25+1) C
- =24 h)
0 1 | 1 | 1 | 1 | 1 ] Fig.6  Effect of coexisting anions on phosphate adsorption by coated
2 4 6 8 10 12 o _ B
pH sand at initial P concentrations=5.0 mg*L™" adsorbent dose
s pH ( =200 mg agitation speed=200 remin~' pH=7.0+0.1 7=
(25+1) C and equilibrium time =24 h)
=5.0 mg*L™! =50 mL =200
mg =200 remin~! T=(25%1) C =24 h)
Fig.5 Effect of pH and ionic strength on phosphate adsorption by 4 ( Conclusions)
coated sand at initial P concentrations=5.0 mg*L™"  volume
of solution = 50 mlL  adsorbent dose = 200 mg agitation 1) SEM. BET
speed=200 r*min™! 7T=(25+1) °C and equilibrium time EDAX
=24 h
3.5
2- - - 2- 22— 2)
COY .CI'.F .S0>  Si0?
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L corF ;
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90% ; .
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