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Evaluation of nanoscale zero valent iron filled column for nitrate
reduction
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ABSTRACT

In this study, we compared the MZVI (Microscale Zero-Valent Iron) and NZVI (Nanoscale Zero-Valent Iron) for reactivity
and mobility in a column to reduce nitrate, which is a major pollutant in Korea, and investigated the effect of operational
parameters on the NZVI filled column. For the comparison of MZVI and NZVI, samples were collected for 990 minutes
using fractionator in the similar operation conditions (MZVI 10g, NZVI 2g). The nitrate reduction efficiency of NZVI
was about 5 times higher than that of MZVI, which was about 7.45% and 38.75% when using MZVI and NZVI, respectively.
In the mobility experiment, the MZVI descended due to gravity while NZVI moved up with water flow due to its small
size. Furthermore, the optimum condition of NZVI filled column was determined by changing the flow rate and pH.
The amount of Fe ions was increased as the pH of the nitrate solution was lowered, and the nitrate removal rate was
similar due to the higher yield of hydroxyl groups. The removal rate of nitrate nitrogen was stable while flow rate was
increased from 0.5 mL/min to 2.0 mL/min (empty bed contact time: 2.26 min to 0.57 min). NZVI has a high reduction
rate of nitrate, but it also has a high mobility, so both of reactivity and mobility need to be considered when NZVI
is applied for drinking water treatment.
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2 o), QPES FH Y AT R ASlel: B % % 55 3HS AMSLT Qo B AFolAE U
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gt} (Fu e d., 2014; Mudler et d., 2012). £3|, L= Z=20] 0] To] B o] gt} mlaka E AIloA=

WHS) £ 2UE BT AN Aol AT cpsl A ALE Bl spolaR sk v Bt

AT A7 R} (Kocur e a., 2014; O Carrall
et d. 2013). Y= grHde] A2 37|12 Qlsle] EoF
LH_,—O]]}ﬂ_,] LZo] Fukst Zloz U stg o, AA
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Aol oA B oA P77 Hlstol
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2Fé®" + BH; + 3H.0 —

2F + HBOs + 4H' + 2H, (Eg. 1)

U %Wﬁ% ‘ZF 40~100 nm W&o} =7 & H eItk
AP TLo| A BaE vE ¢tk (Hwang é d., 2014).
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Fig. 2. Operation performance of reacive columns with different size of ZVI (a) Ammonia concentration in effluent, (b) Effluent

pH, (©) Iron concentration in effluent.
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Table 1. Reactive column operation with different size of

ZV1 (MZVI, NZVI)

MzZVI NZVI
Flow rate (mL/min) 0.5
Time (min) 990
Empty bed contact time (min) 2.26
Applied ZVI mass (g) 10 2
Nitrate reduction efficiency (%) 7.47 38.75
Ao, % OH BEs Aid oz 4oshs A2 o
% Itk webA] e 97HAO) 9o gy o &9
WAFo] SH7keF fegrow, AmEl Holge] o
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Fol WA A Yo AYeIA ofF B3]
o] gtk Fig. 3004 2 % glte] Atjaoz
YAE 23 TAL wo|aR GrrEe FYom
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SEE Uetfigith Ui g7HE o) Aol FHd 7.0

Holen, 90027re] &4 ojFol=

o, oy

= A2 =2 pH 2o weh A Ap o] Fe(OH)

& FeOOH 502 o] 0|3l Al ujufo] g4 = o]
FEse A o2 o] Haet AoR wdEn
(Park et 4., 2007).

sfolam 7bdw te drbdel &H B8 v
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7ML AMES o2 AL ofoF

T o0—

3.3 pH H3l0] ME nzvie| Eitd AA BHY HIS
d gt

PH i3to] W2 e /LA WhSA WSHE Aw

w7] 9Jste] WAL W o) pHE 347, 9.100 2

MshAlA AYe Aetgon], 1 ANE Fg 4 %

.

(d)

Fig. 3. Mobility of ZVI after 990 min of operation (a) MZVI-before experiment, (b) MZVI-after experiment, (c) nZVI-before

experiment, (d) nZVl-after experiment.
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Fig. 4. Effect of pH on reactive column operation (a) Ammonia concentration in effluent, (b) Iron concentration in effluent,
(o) Effluent pH.

Table 2. Reactive column operation under different pH condition

pH3.47 (HCl 50 pM) | pHO.1 (NaOH 50 yM)
Time(min) 990
nZVI(g) 2
Empty bed contact time (min) 2.26
Fe ion production (in effluent) (mg) 2.64 1.28
NH,"/NO; (%) 51 48

Table 20 Aejstoirt. 242ke] 74-9-+= HC 50 yM 4 Of= AHtE= ATEMN, pHZE A FAIE SISl =
NaOH 50 pM @] &by 24 oo 2 =it 1t Tedoll= 2 W glgloh e %‘7}%@ 73%011
= F7rE o) ¥R pHeE DAsHA AxtE o] gle £ HEHZo] npo]|a 2 FrFH| vgte] 4] W =
o, @2 pH o] fEsirtar &4 9ot (Hwang i, o] & Qlste] ARt E2|efeha] 540 B@Po}h A
é d., 2010). ol= W& pH 2HoA e F7HE 3 o2 dHA QU 58] 97Hd wHo P = Akt
Hol AbstEoe] g&F o] rbd wHo| HA] AL gate]] o3t A5 At Ul F7HES] H ol 1
FgHo| AL =E2HOR A3 S FAT 5 2] 32 ghrhal A Uk (Wang et dl., 2009). o]<}
3l7] wjEolt} (Yan et d., 2010). 22 Ao lsto] NZVIA Hh-g-/do] pHO| W3}
Fig 4 (@ollA g3t 4= o], pH7l @2 249 T 2 AolE HolA = Aoz FrhHrh

Al kYol A H]go] ot o A UERgoH, Fig. 4(b).oll= %%% 7.% o] 29 FEE EAIGH S
pH 34794 B 51%, pH 9104 Hit 48%= o, A% 717t F FEH E ol FHS Table 29
Uehygch drtdog A zAoA] 3 mgo] o WERHSITH pH 3479] 79 B pH 919} A-9-of Zz)

Lo Ao ygatg ot 1 xpol7F 27| orord A 264 mg ¥ 1.28 mgo. 2 YEY, W2 pH A4 o
o 9z golo A85hR| kS Algo|A pHS 2AT} W2 A o]2o] fEET ol= F7Hd FEH 43} wjut
oK, FUEE Atolu d7]9) ol mlste] rpm o B LAk Aol Y= ASE Fedd 5 Al
o] Absto] wt WAELE OH 9] w7} 7] wio] FEE A o2 o] A" H Fofl vstq =35
o b olel 2L o3 AT Fg 3.9 A M AS AUR ), And Grrdel vige] Al
7vol W pH WISt aEjZo|A 27] 3-4x7F Eore  Ra AR ST o gl AV 245 F9l
T 4 BT AR pHE /e A dAjete 2 L BES W EAE 98 e wad
pojek. 22y 10A]7F o] Fofli= pH Zo|7} A F

Jletnz, oA 7|7he ZrhAZ)o] whet pHel ko] 3.4 RE B0 ME nZvie| RltY FA B B
Ue 2 o W, N =t

1o v 2.0 5
Ol B Adhe melas GHEE AT AR gzxon guwre wa 276l e AR
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Table 3. Reactive column operation under different flow rate
Stabilization period Flow rate 1 mL/min Flow rate 2 mL/min
Flow rate (mlL/min) 0.5 1 2
Time (min) 990 990 875
Applied NZVI (g) 2
NH,*/NO; (%) 38.75 | 45.3 | 4
A Aol s Asty dutdor o =3 FAE A o] 27] 18A17F] & B Y7HE =&
o] Wg}o] whet thpo] AYS HEE sk 20| A At A4 Fol ¢hREAL o]F b A el &4
ArtAol At M A AupolA FdE F7HE Y o] AAH 7] WiwolH, oot &2 ANE Ed= &
Fo] AAR AREEE FEE 2A BobA 1 AlelE F 2 1% MR3 7re g AAskaL, {5 241 2
o & (oF A xhermes AEY 582 AUz & o 35 vtk
Aot= Aol E7FssIE dAE S5351H7] §isth, 2 1.0 mL/minof| A 2.0 mL/mine. & 28 F7}HA|
t=9] Alo] 2% A% ol = asol A3ty o= EAbd A A B8-S 45.3%0 4 41%=
L 28 oo ®uA stga, oS 9ske] HxpE o 10% vjgko g 7hAastgch E3F 2 g9 e 7}
2 92 fol7lv] ks WA B A =R of 40A71Eeh St wislu Haby Aae)
2 970 R 710 B ) WEAA 9% whg AL ), shmujol BE} Hojx|x] gk

S48 R A4 Hao) whgAITto]
AoA AL w& AR oAFstH o) Table 3¢
A HEZo] §7LS 0.5 mL/minojA 1 mL/min, 2
mL/mine. 2 Z7HAASE ermuol Het gL
38.8-453%= 2 WE}S Ho|x| ottt H o]
9] ALl ZuMl =8 =1 9] A o]&o] §&0
A "ﬁﬂ O}, 18A7F oS A7) A o]Fo=

+ Fe = pH = NH4+

\

|
H |
H |
H |
H |
H |
H |

conc(ppm)
S = W &ch P NS

5 10 15 20 25 30 35 40 45 50
T(hour)

o

Fig. 5. Effect of flow rate on reactive column operation.
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