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Abstract

A Nanoscale Zero—Valent Iron(NZVI) was modified to build a reactor system to treat nitrate. Shell layer of the NZVI was modified

by slow exposure of the iron surface to air flow, which produced NZVI particles that are resistant to aerial oxidation. A XANES

(X—ray Absorption Near—Edge Structure) analysis revealed that the shell consists of magnetite (FesOs) dominantly. The

shell—modified NZVI(0.5 g NZVI/ 120 mL) was able to degrade more than 95% of 30 mg/L of nitrate within 30 hr™' (pseudo

first—order rate constant(ksa) normalzed to NZVI surface area (17.96 m*/g) : 0.0050 L - m™ - hr™'). Ammonia occupied about 90%

of degradation products of nitrate. Nitrate degradation efficiencies increased with the increase of NZVI dose generally. Initial pH

values of the reactor systems at 4, 7, and 10 did not affect nitrate removal rate and final pH values of all experiments were near

12. Nitrate removal experiments by using the shell-modified NZVI immobilized on a cellulose acetate (CA) membrane were also

conducted. The nitrate removal efficiency of the CA membrane supported NZVI (ksp= 0.0036 L - m=2-nhr") was less than that

of the NZVI slurries(ksa= 0.0050 L - m™2 - hr™"), which is probably due to less surface area available for reduction and to kinetic

retardation by nitrate transport through the CA membrane. The detachment of the NZVI from the CA membrane was minimal and

impregnation of up to 1 g of NZVI onto 1 g of the CA membrane was found feasible.
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Table 1. Characteristics of commercial NZVI(Toda Kogyo Corp.)

(Chen et al., 2004). 3k EoF A2]5 98k NZVI 0|4
Al A2 glo] vk F]lu= Ak g AE F0lA
NZVIE e 7908 49 1 fsiidol gkl d5EA
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t XANES (X—ray Absorption Near—Edge Structure)
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(CA) & A7gste] NZVIC] A52Q1 AXA] 117 o579} o]
A Alzsg CA XA A 14 NZVIE o] 83to] AAddAa
o] BHEAS It 854 A8 9Fe Ay 1
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A&]of] AR2-3F Nanoscale Zero—Valent Iron(NZVI)2
37Hd AFsHE-S- 300 ~ 600TAN F4E o]435l0] ShA|
71 e olgate] At A8 W7 (RNIP-
10DS, Toda Kogyo Corporation, Japan) & 7mj3te] A}
g3llon 1 Eelsiets] 5495 v Table 100 23i3l
th AA A A FEHE KNO3(99%, Junsel) S A1)
Azslom, NZVIE IHAA AAAY A5ze
cellulose acetate (39.7 wt.% acetyl content, Aldrich) &
o] g3l 7|e} AeFe 7 ethanol(99.9%, Aldrich),

aceton, NaOH(97%, Kanto), HC1(35%, Matsunoen) &
9] AJekE o] g3l

pH BET Density 5 o o
(solution in water) (m?g) (g CARR O o)
11 227 1.27 65 35
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2.2. AEYY
2.2.1. AtsHEX| shell A
NZVIE FJste] 8717 W (Shell Lab, USA) vl
LA e 2 B aked 0w AREPEA] shell A4S 9)581o]
A9A o= UK (4 mL/min) ] F71E HFAIZCHE
9 5, 2008). ¥7] HE2 250 mL Schlenk flaskel
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STk olgEA AFS NZVIE dRi)7] FollA] Akael 54
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sol A FHaHAr.

2.22. CA(Cellulose Acetate) XIX|Aoff D& & N2ZVI M=
Ui G7FES 143 A A Q] AU 715 AT
(Wu and Ritchie., 2006) & F3t3it}. o b/t S
2/8(v/v) HIER £33t §9 10 mLE nle]Ae] Yol ~F
g vE o] g3to] wrkslAA FHlSE & CA/OMIE (CA:
oMIES 12% (wt.)) EFHE 26.4 g FHIsto] 7ttt
ofehE/otE &N CA/OMIE G5 EFehd IS
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Edlo| =5 ARgste] §R 2] Ej7) B A HxA
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of Azl on 1 e 30 ppmo|H v st
120 mL 283 AEHo] 7k Al ez gatd
capl.Z TAEIATE NZVIE= -9 w2} 0.2, 0.5, 1 g&
=2 2W7F vEA Y8kl CA AAAE Az 1 g
Z48lo] Aol ARSI WHFW A AL 8-
< headspace”} A9 §IEF 3F31.2H 200 rpme] L2
orbital shakerol|x] ¥HSAIZATE AER-E AE7F 9l cap
g B3] syringeE o8 3 mL & AF - 5C ol
Az dedste] FA8ltk pH 2EAF A= 4
NaOH$} HCIS- o838} pHE 103} 42 w48k w3t

Matlab 2713 (version 7.1, The Mathworks, Inc.) &
o] g8to] UAMESE AT (k) & T8k el S 4

st

224. LA s 2 J7[2A

AAY Ax9l oEUol= Auto Analyzer (AA3,
Bran+ Luebbe) & o]-&3to] F4313it). WH-E2 2] 34
A F A o= SEM—-EDS (Hitachi S—4800, Japan) =
M-8l Ed RESER L] BWS osmium .2 TR s
A o3k Uhs SEMOZ BHdAks sl on, 7t
£ 5 kVollA A& 10,000012 S350k 714
| NZVIS] 74485 gRlal] 21l XANES #4112 53
3tk A E71E 0] 838 XANES (X—ray Absorption
Near—Edge Structure) £412] 7-¢- 237171 41E ] &
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nylon membrane filter (47 mm, Whatman) ]| A& &
A& 3] ICP—MS  (PerkinElmer Elan DRC—e,
USA) & o]gsto] #4330t
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17.96 m*/g®| B|EHZE 74AH, ok 5 nm F7|9] Akshi
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Fes0s, Fes03, FeOOH & o12] 7H] $HI-& 7 = 3l
Aor dHPTG (Y 5, 2008).
AF3PEA] shell2 7FAE NZVIE o]8-3 7§ AF=2]g]
Pe Ao F

FRo) BEAOR NZVI A S A8 4 98
chelch, Weh AEk shelle] AR B 1 e Sls)
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A5 Table 20 YeRAIch ellA] vrEhd vie}l o]
WA NZVIeIA = Fe (0) £ magnetite (FezOy) 7} T
Rl 20 R e o FEARSIAIZL NZVIel= ¢4l
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2 Bt 188k semi—conductor 2 Y B
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= A3hE dh= Z0R ok ol st AAE NZVIS
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F& o]Fo|A] QIth= Sun et al, (2006) 2] A3} 5 Fw
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FEYole] WHAE A Ha gtk 1wl AEE
NZVIZ o] 43t dabgd Axo] alls H7F 2 2alliaks
20l st A7k= Fig. 191 JeRiQlch /1d = e e
NZVI 0.5 g& F93F 7% 30 ppm (120 mL) ] 234
28 oF 30417kl 95% o stk As ER1E = 9%l
t}. o] A dnl wlo] A= Feje] ZVI Krk= =1 Sohn
et al.(2006)°] ¥.a1gk 34 NZVIS} v wahd Ahgs) e
9] #alq! A o2 YERT) Sohn et al.(2006) 5]

W Y A e Fe(0)2) £% (99% o7 %

502 ) 1 wallso] HouANL A
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4 Toda NZVI®] A Jtl8 22 Fe(0) 2
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Fig. 1. Kinetics of nitrate removal and ammonia production.

Table 2. Results of XANES analysis for shell modified NZVI and rapidly oxidized NZVI

Iron species 7HZ =l (Shell modified) NZVI =542 Rapidly oxidized) NZVI
Fel0) 0.605 0.323
FesOs 0.362 0.357
FeOs - 0.320
FeOCH 0.033 =
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713 o Rz ﬂqu}a% ATFE F3Psla YJorE 25
71 AT-E AAIE AL ehole] B psd Aow
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322 NzvI &7tz ¢ =kt
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NZVI H7 o] st ¥ E Z}%%L
= Agsl) f1g 72
*Wﬂ&l alle s Hlﬂr‘?}% A8E ?6 stgiom 14
7}= Fig. 20 JERIlth NZVI #7FS 0.2, 0.5, 1 g2
2 ge)se] Habgd A weles Bt Ay 27 ke
o] IXHEEIE AN kgko] 0.043, 0.089, 0.11 hr'& o]H
ol nmHAoR Aitskebd 27} 0.0024, 0.0050,
0.0061 L - m™* - hr ' 0.2 yehd 5= 9ltk o] 7|29 o}
A4} (Sohn et al., 2006) ol B8} W& AupzA v}
S7HAe] A W A W wE dyjeta dd
) NZVI 7ol 28l 7kt Aol v]3) walle> ZA
Z7FA ohe Z1o® Kol 0.5 ~ 1 g Alo]) 7)eko]
stk o7 ke
NZVIE o] &5t A da 8l 2 -9 wkg-zue] pH7t
AR Zg3it) AnbA o 7 whe pHoj|A] Bajuk-g-o]
st dojupr] el pH 455 ob18h= NZVIE +
gt A9 Ak pH -] FgAolot, 3] wke3o]
27] pHE 77} 4, 7, 1022 Z43l0] At 7&4 el
7)ol W= pHelA 25 o whE Fald ks ®melont
WS EE W AfolE HolA] gkgtor }4 pH
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Fig. 2. Kinetics of nitrate removal by NZVI.
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3.3. Cellulose acetate X X|H & NzvIe| §4A
33.1. XX|A 1™ NzVIE o|&st MM AE A 25l
1A EFs] R Akl NZVI®F cellulose
acetate AAAE o]&ste] A Aol 1175 FEje] NZVI
H]—_O_UHX]Q. ] }_g}o:] ﬂ’?l’*é Z]/\o1 _,_OHVO__E_ jioﬂ 7}3}%1—/}.
0.5 g9 NZVIZ ¥33}= CA AAA) 1.5 g2 A5S vl
H7¥sb7] 918l 0.5 g NZVITHS: ¥3ksh= uks-%9} 1 g9
CA AAA| diwtg 238h= WHEE2E tx=ao= A3t
o] Addstlon 11 A= Fig. 3o YeEhlSIth 0.5 gE’J
NZVIRES: Eslshs vh-e2E ol d Ay fA1SE w3l
Hom CA Xl?qzﬂOﬂ I3 NZVIZ 7}{ WSz =
B} 2% ¢ =¥
H&%}ﬁﬂ*ﬂt %857101] S é‘*&*éé‘i
27F HEE YO 19%°] 747t Lol Fell= 1 o]
AL w5} A ¢ fAEE BEs
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o oI 2719 QIAL s Ch A3

o = A
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R s
;emozzaozuimloum
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7é51 NZVI ‘ﬂP—giE’J ] A ALhel NZVI7} éﬂoi
7] el ?%ﬁ“"ﬂ/\i HEE A 20} whE-shd 2
o A543 Mol "ojA]7] miel Ealsol =2l &_E
SEth AR Aol F-2he Fee] NZVIS Aabd s &
Aes FI7Ie OE AFEES 5, 2007, AAHT 5,
2007) o) w=w dAadd o] Faf e ata JES A7

40
35
30
25
20
15
10

NOs-N Conc. (ppm)

0 10 20 30 40 50

Time (hr)
& N2VI (0.5g) only

OCAmembrane (1g) supported NZVI (0.5 g)
A CAmembrane (1g) only
X Control

Fig. 3. Kinetics of nitrate removal by NZVI supported on
cellulose acetate membrane.
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3.32 XXM NzvI 2=of 2 2dlls Hln

AAA7} Sl WFSE Aol AEe NZVIS 95
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g Yo7 EAE Tl HrE Hotof & Yl go|tt. 2
%] CA AAA (1 @) & F0Ist F 742} o <] NZVI
(0.2, 0.5, 1 @& F7ksto] AAAW NZVIE] Hizef wh
AAP3A L FalleS vlwstaal sielth NZVIZF 9%
Al 7FA 8] g B CA Ho Hol|A F-fdhs Bad
B UE 2ol & I8t Mo Aol A Uiz 21E 2Rl
gk =71 Qe 3 E A A A 1 NZVI vl el = Al
Z5 25 AR A NZVIZF 145 o] 98-S skelst 4
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Fig. 4. Effect of NZVI dose on nitrate degradation kinetics in
supported NZVI system.
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3.33. Cellulose acetate XIX|HW Nzviel 0d &8

CA AA Aol 317d% NZVIe] 739 AAE 2 A
o 283171 L3l NZVIZF AR Aol 27go] 2 o] &=
AR FUEA Gofof shr}, 3|2 AR HHE2E
200 rpm O 2 WHISISL7| wiiTol Wh-g-o] F5¥ oF 30417t
o]Fofl = WREA] "ol vk CA AAA 2] 4=
2 1% 4= Qi) AN = A%
AV A7) fEFol 2hdet HE|FA
aHsfofof & FQsk Qe FAhE)

A A A oA HE] Fop AU "ol A vhe} gkl &
Ash= NZVIC] & S7438H7] $laliA] whgo] &
oA MES AFHE] ICPEAS 319tk 1 g9 CA
AA Al NZVI 0.5, 1 g& H7H whex5
Fom goadel 8] W B0 NZVI 558 S
I}, JhS-Zel] 7] =% F NZVI 35+ 3,000 mg/L3ld]|
Hal gol el EAlehs 854, - A w59 &2 05,
1 g NZVI ) A1Z0] 224 0.3, 0.8 mg/LE & &5 thy]
oF 0.02% HEZ 73] A2 o] NZVIz= CA A|A]
Aol mapa oz ] SS & F ASUTh B A
(Wu and Ritchie, 2006; Meyer and Bhattacharyya,
2007) ollX = o7Fde|a4-5 ARg-ste] WA S AR
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3.34. Cellulose acetate XIX[AMLl NzvIel &g et
A Al L] Q= NZVIS] FHlE astr] 913
SEM-EDS 415 F3313ict. 1 A3 Fig. 5 YRl
=t SEM A3} (Fig. 5(@) X 10,000, 5(c) x 5,000)%F
S 2= o]z Fago] NZVI %] &gt o] 714 eich
Z2#A EDS +48 4-38st A7} (Fig. 5(0), 5(d) EHe
M A RS 3717 AEATE o= NZVIZE AA Al
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Fig. 5. SEM((a) x10,000 and (c)) and EDS((b) 5,000 and (d)) analyses for NZVI supported on cellulose acetate membrane.
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