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Abstract : Reductive reactivity of zero-valent iron nanoparticles was investigated for removal of nitrate-
nitrogen which is considered one of the major water pollutants. To elucidate the difference in reactivity
between preparation methods, iron nanoparticles were synthesized respectively from microemulsion and
aqueous solution of ferric ions. Iron nanoparticles prepared from microemulsion were deposited on aluminum
by electrophoretic method, and their reaction kinetics was compared to that of the same nanoparticles
suspended in aqueous batch reaction. With an approximation of pseudo-first-order reaction, rate constants for
suspended nanoparticles prepared from microemulsion and dilute aqueous solution were 3.49x 10% min™ and
1.40x107 min™, respectively. Iron nanoparticles supported on aluminum showed ca. 30% less reaction rate in
comparison with the identical nanoparticles in suspended state. However, supported nanoparticles showed the
superior effectiveness in terms of nitrate-nitrogen removal per zero-valent iron input especially when excess
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amounts of nitrates were present. Iron nanopatticles deposited on aluminum maintained reductive reactivity
for more than 3 hours, and produced nitrogen gas as a final reduction product of nitrate-nitrogen.
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Figure 1. TEM images of ion nanoparticles prepared by
microemulsion method(a) and aqueous solution
method(b).



Table 1. The characteristics of iron nanoparticles prepared by
microemulsion method and aqueous solution method

Microemulsion ~ Aqueous solution
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Figure 2. SEM images of aluminum mesh coated with ion
nanoparticles at magnifications of x300 (a) and
%x5,000 (b). The ion nanoparticles were prepared
by microemulsion method, and fixed to the surface
by electrophoretic deposition. Photomicrograph
(b) is a magnified image of the box area specified
in the lower part of (a).
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Figure 3. Reduction of nitrate-nitrogen at Fe'-to-NO; molar
ratio of 10 by various iron nanoparticles prepared
from microemulsion((”)), aqueous solution((), and
supported on aluminum(l). Pseudo-first-order
trends fitted from data of the first half an hour are
drawn respectively by a dotted{(---), a dashed(---),
and a solid line(—) for each case.
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27] 141z B o]
ot oI 2403 52
o] F gleh wgol A7
), }olazoﬂ@L Pt 55
wpgel glatel AlzE the 3 Agdelt 47 27)0) £
B A A0 11%9) 30%7F ARk RoR 2ugle
o, slelazead PEoz Yol dFelel 1Y

%&l

71 97} Be 3R WSAIZE B zuazz AWy Az
£ BANA BF NEE 34% 747 BEA7IE 294E 9
oothe A ] A% 9T FAY rq; @% W of

o} o) FAabgd Hie Fxe g
first-order) ¥l 0% ZHE $ Uh

HAF 1xH(pseudo-

— e = kg VOS] 0

7NN kopt= FAF 12} REGESEATRA, MY AL
AZRE 78 4 vk A A4e
Y _%7‘} 3087e] FTRst FAERE T
{kops)E Table 20] $E8}git).
DM?EOﬂ% ?%"—‘,‘Ei%‘—ﬂ A% Yd s des)
o] A ArE AASRE W WSS A7
$.49x107 min”, 1.40x10? min’ 0 24], A u}z} ¥
Aol 2polZ Bu) o] T Ao wh 7]E ATF8,15]e
Ae ST E 49 o9 2 5918 F7HE Y 293
oz BFEIstn 9], vEHEA SR ka)E T
7} e H@QEFE ANE 5 Ak

5

..4

k

obs
koy = (2
SA P,




Table 2. The pseudo-first-order rate constants and the surface
area-normalized rate constants for the cases of
iron-to-nitrate molar ratio, Fe/N = 10 and 4.

kobs kSA4
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Supported on aluminum
prepared from microemulsion 0.94
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