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Study on Preparation of Composite Nano-scale Fe,O, for Phosphorus Control
LI Lei PAN Gang CHEN Hao

State Key Laboratory of Environmental Aquatic Chemistry Research Center for Eco-Environmental Sciences Chinese Academy of
Sciences Beijing 100085

Abstract Composite nano-scale Fe,; O, particles were prepared in sodium carboxymethyl cellulose CMC  solution by the oxidation
deposition method. The adsorptions of phosphorus by micro-scale Fe; 0, and composite nano-scale Fe, O, were investigated in water and
soil and the role of cellulase in the adsorption of composite nano-scale Fe, O, was studied. Kinetic tests indicated that the equilibrium
adsorption capacity of phosphorous on the composite nano-scale Fe;O, 2.1 mg/g was less than that of micro-scale Fe,O, 3.2
mg/g . When cellulase was added to the solution of composite nano-scale Fe O, to degrade CMC the removal rate of P by the
nanoparticles 86%  was enhanced to the same level as the microparticles 90% . In the column tests when the composite nano-
scale Fe, O, suspension was introduced in the downflow mode through the soil column 72% of Fe O, penetrated through the soil bed
under gravity. In contrast the micro-scale Fe, 0, failed to pass through the soil column. The retention rate of P was 45% in the soil
column when treated by the CMC-stabilized nanoparticles in comparison with only 30% for the untreated soil column however it could
be improved to 74% in the soil column when treated by both the CMC-stabilized nanoparticles and cellulase which degraded CMC after
the nanoparticles were delivered into the soil.

Key words composite nano-scale Fe,O, oxidation deposition method phosphorus cellulase adsorption sodium carboxymethyl
cellulose CMC
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Table 1 Primary compositions and properties of the soil
/% /% /% pH /% Jem- 57! /% CEC/cmol- kg ™!
25.2 42.6 32.2 8.1 1.7 8.45x10 77 45 9.8
1.2.1 Fe,0,
CMC-Fe, 0,
100mL 1.2g/L 1.2.4
FeCl,- 4H,0 1 g/L Fe,O,
15 min 2 Fe,0,
mol/L 1.38 mg/¢g 17 mg/g .
70°C 24 h Fe,0,
CMC lem
Fe,0, . Fe, 0, 10cm. 10 mL
0.5 mg/L
Fe’" + 0, + OH  —— Fe,0, + H' 1
1.2.2 .2
50 mL 1.2.5 Fe,0,
NaH, PO, p 0.5 mg/L 10
Fe,0, Fe,0, Fe,0, 0.138  em
g/L 0.1 mol/L NaNO, 0.1 15 mL Fe 0.1 g/L
mol/L  NaOH  HCI pH 7.0 £0.05 Fe,0, Fe,0,
30 mL.  20%C 48 h ml
5000 r/min 10
min 0.22 pm 1.2.6
2 . Hitachi-7500
1.2.3 Scintag-XDS-2000 X
30 mL 0.01 g Cu Ka 40 kV 300 mA A =1.5406
0.138 g/L Fe;0, XRD 20° ~ 80° Fe
Fe,0, 0.5 mg/L. P NaH,PO, 0.1 AA-6300 Shimadzu
mol/L NaNO, pH 7.0
0.05. 20%C 12 h
’ 2
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Fig.1 TEM images of as-prepared micro-scale Fe; O, and composite nano-scale Fe; 0,

2.2 X Fe,0, Fe,0,
2 Fe,0, Fe,0, XRD Fe,0, Fe,0,
2 a Fe,0, 6 20 Fe,0, cMC
30.1° 35.5° 43.1° 53.4° 57.0° 62.9°
220 311 400 422 2.3 2
511 440 Fe,0, 2 3.
" Fe,0, 2
2 b Fe,0, 2h
Fe,O, . 2
G311)
4.0
35+
s w0 L L]
o~
(440) 30F
(220) (400) (511) 25t
)
“22) a 0 2048 & & i 3
A RPN, VTP % ¢
ettt >
1.5+
} Lo b 10
u $KFe304
05 *» HEHKFe;0,
20 30 m 50 50 70 80 05 . ™ " " > 20
26/(°) t/h
2 Fe,0, Fe,0, XRD 3 Fe,0, Fe,0,
Fig.2  X-ray diffraction patterns of a micro-scale Fe;0, Fig.3 Kinetics of P adsorption onto micro-scale Fe; 0,

and b composite nano-scale Fe; 0, and composite nano-scale Fe; 0,



3 Fe,0, 681
Fe,0, 3.2 mg/g
Fe,0, 2.1 mg/g . Fe,0, Fe,0, Fe,0,
CMC CMC Fe,0,
Fe,0, cMC Fe,0, Fe,0,
CO0 - 2.5 Fe,0,
Fe,0, Fe,0,
Fe,0, 5
CMC . 32%  30% Fe,0,
2.4 Fe,0, 45%
Fe,0, 74% .
100
R+ E A I KFe;04
4. 0.5 mg/L B AMKFe;0,
ol T
Fe,0, 90% =P ER
%
Fe,0, 58% Fe,0, /
86% . g OF /
0.4% 0.8 %. % / 2
B 4| /
100 / 3 30
86 /
T 20 L /
80 - P KFe;04 /
H A H1KFe;04 /
58 L ﬁéﬁ%ﬁ+ﬁﬁm*Fe304 0 %
e 60 . SRR
o % [ 4 4 3 B 5 Fe,0,
g w0l Fig.5 Effects of cellulase on the retention of phosphate
by composite nano-scale Fe; 0, in soil
20 |
0.4 0.8 Fe,0,
0 Pas,
Fe,0,
4 Fe,0, 1.5
Fig.4 Removal rate of P by micro-scale Fe;0, composite nano- Fe3 O4
scale Fe; 0, composite nano-scale Fe; O, + cellulase
CMC and cellulase F6304
Fe,0,
Fe3 O4 Fe3 04
Fe
&0, Fe,0,
Fe, 0, 2.5
2.6 2
0 Fe,0,
6 Fe,0, Fe,0,
Fe,O0, Fe,0,
Fe
Fe,0, Fe,0, .
Fe,O, Fe,0, 72%  Fe
Fe,O, Fe,0,




682 31
0.12
0.10 |- « ot . . v
. -
0.08 —
=
2 006 *
i
®
£o004 *
= HKFe;0,
- Eﬁ'ﬂh*Feg(h
0.02 — 3
0 [(— m - L] L] L] - L] L] L] - L] L]
I I I I I | 1
0 2 4 6 8 10 12
v/mL Fe304. TEM
XRD 30
6 2
nm Fe,0,
Fig.6 Fe elution histories of micro-Fe; 0, and
2 Fe,0, 3.2 mg/g
composite nano-scale Fe; 0, in soil i
Fe,;0, 2.1 mg/g
Fe,0,
Fe,0,
Fe, 0, 0.01g
Fe,0,
86% Fe,0, 90%
Fe, O
2 s 3 Fe,0, 10 mL
Fe, O
3T 0.5 mg/L 45%
Fe, O
34 30% 1.5
Fe,0,
Fe,0
34 74% 2.5
Fe,0,
Fe,0,
1n(i) - AL 4 Fe,0, 10 cm
Co
Fe,0, 0.1 mg/L
c, c L
Fe 74 %
A 6
: Fe,O,
2 Fe,0, -1
1 Fe,0, 0.03 cm .
A, =0.03 cm”
Fe3 04 1 Bechmann M E  Berge D Eggestad H O et al. Phosphorus
transfer from agricultural areas and its impact on the
Fe, O4 eutrophication of lakes-two long-term integrated studies from
Norway J . Journal of Hydrology 2005 304 238-250.
2 Daniel T C Sharpley A N  Lemunyon J L. Agricultural
phosphorus and eutrophication a symposium overview ]
23
Journal of Environmental Quality 1998 27 251-257.
3 Gilliam J W. Phosphorus Control Strategies J Ecological



683

10

Engineering 1995 5 405-414.
Baker M J Blowes D W Ptacek C J. Laboratory development of
permeable reactive mixtures for the removal of phosphorus from
onsite wastewater disposal systems J . Environmental Science
and Technology 1998 32 2308-2316.
Nema P Ojha C S P. Techno-economic evaluation of soil-aquifer
treatment using primary effluent at ahmedabad India J . Water
Research 2001 35 2179-2190.
Yin C Zhao M Jin M. A multi-pond system as a protective zone
for the management of lakes in china J . Hydrobiologia 1993
251 321-329.
Uusi-Kamppa J Braskerud B Jansson H. Buffer zones and
constructed wetlands as filter for agricultural phosphrus J
Journal of Environmental Quality 2000 29 151-158.
Sims J T Simard R R Joern B C. Phosphorus loss in
agricultural drainage historical perspective and current research
J . Journal of Environmental Quality 1998 27 277-293.
Wang C B Zhang W X. Synthesizing nanoscale iron particles for
rapid and complete dechlorination of TCE and PCBs ]
Environmental Science and Technology 1997 31 2154-2156.

Xu Y H Zhao D Y. Reductive immobilization of chromate in

11

12

15

16

17

water and soil using stabilized Iron nanoparticles J . Water
Research 2007 41 2101-2108.
Schrick B Hydutsky B W Blough J L et al. Delivery vehicles

for zerovanlent metal nanoparticles in soil and groundwater ]

Chemistry Material 2004 16 2187-2193.

I 2007 26
535-538.

2006 12 2 208-212.
Gilbert R D Cellulosic Polymers Blends and Composites M
New York Hanser 1994.115-139.
Zhou Z H Wang J Liu X et al.
Chemistry Material 2001

Synthesis  of Fe;0,
nanoparticles from emulsions J
11 1704-1709.

Kuforiji O O Fasidi I O. Enzyme activities of Pleurotus tuber-
regium Fries
J . Bioresource Technology 2008 99 4275-4278.

Effluent and

singer cultivated on selected agricultural wastes

Ives J. Specification for granular filter media J .

Water Treatment 1975 15 296-305.





