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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 3.49x10” min”' and
1.40x10” 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 nanoparticles 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

Hydrodynamic diameter

+ +
of oxide particles, Dy 182 £ 3.6 nm 305 *

18.7 nm

BET

2
specific surface area 21.3 m'/g

39.2 m’/g
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Figure 2. SEM images of aluminum mesh coated with ion
nanoparticles at magnifications of %300 (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(O), 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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Figure 4. Reduction of nitrate-nitrogen at Fe’-to-NO; molar
ratio of 4 by various iron nanoparticles prepared
from microemulsion([]), aqueous solution(O), and
supported on aluminum(il). 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.

of e BATE e A QIAks W 27] 1A% Bt vl
A FAA W] A2 BAAAO, o F 243F Bk
g SEs} @A ZolE AL B 4 Atk wgo] A%
H 5 3A17l0] Al S o, volAzel WA Wt gl
el Qlstel AzE e d Astleli 77} 270 £
H QA Ak 1%} 30%7h ARahE 2oz S350
i}, ol azeldd oz At elEe] wYshA
20 947} A ALY WS AT B AL H o2 AN A
= AAA A7 HES 3.4% 7HA HAarTlE A A9
o v HO el 9% §FS FAIE ), &4 Rk of
ol o] AAMA

- d[]f” = ko INO;] M

AN kopis FAF 1AL RESEHEAFRA, A Aa

A7 B &) gaFARRE T8 S vk A Aae

w7} F78) Padte 27) 30837ke] FEs} RAZRE T
3 FAF 13 84 4 (ko) B Table 26f) 53131t}

mlol Az oA $golo wRE FHIF Y d e dete)

Koy =— @



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 kSA
(x 107 (x 10* L
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min ) mim m)
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Fe_/N Suspended in NO; 4 1.40 3.65
=10 prepared from solution

Supported on aluminum

prepared from microemulsion 226 -
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prepared from microemulsion 1.29 4.57
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=4 prepared from solution 0-50 527
Supported on aluminum
o 094 -
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g o] ZE&(Fe/N)S
e velazedd
ol
o

o7 vo]azedA W oz Az the Fo| g o
3w oz A)2E o7 "o] Ao ulshe] oF 35% =& 7t
& Rorh vlolamelRd W o Axe the B2 dek
of WY A AANYL W WSHEE FAE v
AS zZH= by #H(37.83 mg/g)oﬂ et HaggdaE Al
Lee[10]9] 7] 17439} $q¥ = S0, WhgAKbo] 308
ol AslEA A 12} HE-Sof o3tk

ato] IFoZ(Fe/N = 10) F48

&gl w2t A s
G7F Aol Ak 2X1%7] wiEo] 2,
Ao R AL ko] v HE FSlete], Aabd dae
ek do] E2-8&(Fe/N)o] 431 3-p-(Figure 4), £ 97} 4
o] &3 ool WSSt o Al sk Ae &
=

% Qgith. wkgo] AlAHEl & 3A1%k0] Aars

el 7} 27]o] FE WA ko] 50%9} 4%
Faol g ke AAREES RAT Lelt o] Sl &
o] AYBH G7F A 3] WSARE Bk A%
OF AW ALE BANA RFHEL o 23% 744 Za
A7E AE At

AF7AA ) Ao SHR[2,3,10] G Aol A% HAY
Akl AL Srole o olste] A H9-5e],
Y RATAA BTk ME SRR hges oz oA
Slct. o2 Eol, Yang and Lee[10]¢] A72stol] e,

Clean Tech., Vol. 15, No. 3. September 2009 199

pH 5014 1717 Foke] W3-8 53 oF 80%2] Aity A
7} @413, pH 4 o|3fol| A= 30+ oule] ¢kd3] &
QrHE7] A A 5 100 mg NOs/L, Ve d 3k
g/L). 0|9} & Ate] o] f = A BT E YAk
XA Atshyl Ho| 89 oz o)Fsta, wEkA ]Izk
WSS A 97 HE FA

ro B

Fo] He Js 5
& AddelAs A Aas Al7she A9 AA 284
& gjste] pHE sk 9k7] wje] 27] 3022] nhkE
ARE o] % AetE d he]iAte] wkgAdo] AAs] sk
e g1 5 A 18y G7F A HedAE dFvlE
of 1stste] A AAE AASH: B 4T ey
A ARgeh AE e -9 wlarste] ofF 30% S Rk
Hio|w =78kl ARt Fok WHAde ASH R fAs)
of o H& A A4 AA &5 B3tk

detel yregl Aol o3t wkgol e de dFvlEel 1
AE Y do) whgellM = A dae] Sk A ER A
2 71A7E AR e Gl o2 &Rl B
H 97 A iAol o3 Shnk-g2 Y iAtks et
of A Aas FdATE e vE ks 71EE §
af A= Jlo & 5 vk 7IE A10,15,16]°0 9]}
of Altel F7F Hol A A9k wkE 712 v ato]

o] Ad¥= A2k A

g AN ERA ROl (NH,)
AL B E = AE =

ol
EAe % 74 wgAow ekl 4 gk

NOs + 4Fe’ + 10H" — 4Fe®* + NH,* + $H.0O 3)
9NOs + 5Fe’ + 6HoO — 5Fe?” + Ny + 120H )
FEdof deE dvbEl G7F A Yegixfef ot vhg-2
A TE Y e (3)Y 717s Sl A AAE A
7]= A0 7 ®1E9Q ©0[10], Liou et al.[15] 3% 120
A dEFol2e % WaE S35ke] sdE HAd HA 9
ok 90%7} St Fol e FEHE AAEYSS By vt gt
ok 2 9 71(pH 3)ellA 7t A Y=gzt JhgAdo] -
LA e AL A (3)9] 71&el A a0l (H)o] uE

d

SEAZ Fosty] gFolztal & 4 itk wehA 7]
[10,15]eA Tl 7F H vaegdzkel fARsE Bl
(84~39 m’/g)S ZtE= B AT LA Sg-olo]
Aol A 2 (3)9] 7] e] whel AAA AAE SRE
ez Ao, 3| BNk oA =89 pHE
A SA] @h3h7] witel £A4o0l2 9] TRt Hadel wet 47t
A iRt 7] whgAdo] AEHA k& ow AYE
F olth gFulgel wAE Y Ho| ukSolE 4 (4)9
72| S-AMsHA &-g-sto] FHE AYELE 71A a7 A3
Eglon, FAjo] &dFEno] Atstgel gt 2 (4] BHE
A3l FAksto] 2(OH)o| AAEHEA A Yie=dxp7t A &221
W38 FAEH He Zex 4T 4 rH2l 4 (3)2
3

717l @k A=l FREol2o] oA ]l A e dE

o g g M

fo 1o (2 @
do fo i 2 Y

A
X

O



200 FEU/= A157 H3=, 20095 98

wsto] F71491 A7) 3ol WRF uhd, WA
A Arw AN E SANS

Sl A8 5 9 g
A Azo FU R4
R DR ES R TR
© Rtk Be AT7h ol FolAof & Ao Az,

ftlo
P
o
i

nfo] AR A Fre o
2 F3tds AN A 97 H v
SEM % BET #]¥w% £48 %
s A vlo| Az W o ® AlZzE H v
QA= ok 20 nm ©]&}e] 7] Z 39.2 mYg o n|EH Ao =
AER o, g Uo7 AxH wmglAlel s ok 2u)
FEo] vEEA S JeRSIth 97 A YesSiAks 1y stet
o Aagd AaE FAANTIE WS ELRE AMEstaa) vlela
oA oz Az J7F A dedAE d719%Eel 2
g dFulgel A sl o, SEME o] 83 EH A AHE
sty dFulyE me] F-abd d viedate] JASE
g mpe|a R E e TS A, A YwgdAf 1ke] w327
o A YAl AdEH] v ZHAE fXshs R
ZE ) AAad AAo] FARkSol tiste] Az e ut
B7F A YAk whEAS nlashy] flake] A A
o] AAEEE s, vlo|2Zodd Wy 7§
o R Axd A vxSiakes @89 AEelA 72zt
5~4.9x10" Lmin"'m? 3} 3.3~3.7x10" Lmin"'m? ] 0%
HA RS/ (ksa)E ERISITE /43 &9 ellA] Alzto]
gholl whe} wkg/do] FASHA Fhadhs dEd AE S i
A gAtel v w), dFulge FAE H R oF
30% Fo 7] ol & EataL 3AIZE ol A &EHE
HkSAJ o7 Qe T A A AAZES H3th
Lol HT AYER A& B3k,

o 3L 7|
[©)

—r
°®
o

o1 g5He F 7hA wo.
4% §43hn, TEMz

3
& 5o Aze vhe A 945

i
S oo

o

[¢]

(

19 B o e ok

[N

iz
olo
b
m

o
F

T
a8
m}l_:
o
>
1o,
r_g(_"

it

N
>
Mo

R

iy
o
o
i)
ali
iz Sk

wy g 2 o T b
ol
i
Mo
o2
N
N
m
T
28
fincs
X
1o

rJ

2t A}
o] =F-& 20083 FoThstm AT FH 95

1. Eykholt, G. R., and Davenport, D. T., "Dechlorination of the

Chloroacetaniline Herbicides Alachlor and Metolachlor by
Iron Metal," Environ. Sci. Technol., 32, 1482—1487 (1998).

. Alowitz, M. J., and Scherer, M. M., "Kinetics of Nitrate,

Nitrite, and Cr(VI) Reduction by Iron Metal," Environ. Sci.
Technol., 36, 299—306 (2002).

. Huang, C. P.,, Wang, H. W., and Chiu, P. C., "Nitrate

Reduction by Metallic Iron," Water Res., 32, 2257—2264
(1998).

. http://www.korea.kr/expdoc/viewDocument.req?id=22645

5. Kapoor, A., and Viraraghavan, T., "Nitrate Removal From

12.

13.

14.

15.

Drinking Water-review," J. Environ. Eng., 23(5), 371-380
(1997).

. Zhang, H., Jin, Z. H., Han, L., and Qin, C. H., "Synthesis of

Nanoscale Zero-valent Iron Supported on Exfoliated Graphite
for Removal of Nitrate," Trans. Nonferr. Met. Soc. China, 16,
S345-S349 (2006).

. Yeon, K.-H., Lee, S., Lee, K., Park, Y.-M., Kang, S.-Y., Lee,

J-W., Choi, Y.-S., and Lee, S.-H., "Reduction of
Nitrate-nitrogen by Zero-valent Iron Adhered in Mesoporous
Silicas," J. Korean Soc. Water Wastewat., 21, 139-147 (2007).

. Park, H., Park, Y.-M., Oh, S.-K., Lee, S.-J., Choi, Y.-S., and

Lee, S.-H., "Evaluation of Denitrification Reactivity by the
Supported Nanoscale Zero-Valent Iron Prepared in
Ethanol-Water Solution," Korean Chem. Eng. Res., 46(5),
1008-1012 (2008).

. Li, F., Vipulanandan, C., and Mohanty, K. K., "Microemulsion

and Solution Approaches to Nanoparticle Iron Production for
Degradation of Trichloroethylene," Colloid Surf. A: Physicochem.
Eng. Asp., 223, 103-112 (2003).

. Yang, G. C. C,, and Lee, H. L., "Chemical Reduction of

Nitrate by Nanosized Iron: Kinetics and Pathways," Water
Res., 39, 884-894 (2005).

. Zulauf, M., and FEicke, H. F., "Inverted Micelles and

Microemulsions in the Ternary System Water/Aerosol-OT/
Isooctane as Studied by Photon Correlation Spectroscopy," J.
Phys. Chem., 83(4), 480-486 (1979).

Luo, K., Shi, N., Cong, H., and Sun, C., "Electrophoretic
Deposition of Nickel, Iron and Aluminum Nanoparticles on
Carbon Fibers," J. Sol. State Electrochem., 10(12), 1003-1007
(2000).

Ishihara, T., Shimose, K., Kudo, T., Nishiguchi, H., Akbay,
T., and Takita, Y., "Preparation of Yttria-stabilized Zirconia
Thin Films on Strontium-doped LaMnOs; Cathode Substrates
via Electrophoretic Deposition for Solid Oxide Fuel Cells," J.
Am. Ceram. Soc., 83(8), 1921-1927 (2000).

Sarkar, P., and Nicholson, P. S., "Electrophoretic Deposition
(EPD): Mechanisms, Kinetics, and Application to Ceramics,"
J. Am. Ceram. Soc., 79(8), 1987-2002 (1996).

Liou, Y. H,, Lo, S. L., Lin, C. J., Kuan, W. H., and Weng,



Clean Tech., Vol. 15, No. 3, September 2009 201

16. Choe, S., Chang, Y.-Y., Hwang, K.-Y. and Khim, J,
"Kinetics of Reductive Denitrification by Nanoscale Zero-
valent Iron," Chemosphere, 41, 1307-1311 (2000).

S. C., "Chemical Reduction of an Unbuffered Nitrate Solution
Using Catalyzed and Uncatalyzed Nanoscale Iron Particles," J.
Hazard. Mater., 127, 102-110 (2005).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


