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The transport behavior of nano Fe® in different mediums under electrical field

FAN Guang-ping*?, CANG Long?, WANG Yu-jun?, CUI Xiao-dan*, ZHOU Dong-mei*

(1.Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 2.China Construction Power and Environment Engneering Co., Ltd., Nanjing 210019, China)

Abstract; Nano zero-valent iron(nano Fe®) has attracted increasing attention for the remediation of contaminated groundwater and soil due
to its high surface area and chemical reactivity. However, the transport of nano Fe® is usually limited or halted by its aggregation and settling
in the soil pores. Coupling with electrokinetics(EK ) would enhance the delivery of nano Fe°, especially in the low-permeability subsurface.
In this study, four different mediums(100% silica sand, 75% silica sand/25% kaoline, 50% silica sand/50% kaoline and 100% kaoline )
were selected as typical mediums, and the effect of EK on the transportation behavior of dispersed nano Fe® in different mediums was evalu—
ated. The injection spot of nanoparticles was located about 3 cm from the anode compartment. The result showed that the transport of dis—
persed nano Fe® is more obvious in 100% sand than that in the other mediums with EK, which was related to the higher electroosmotic flow
due to the higher porosity. Most of the nano Fe® was retained in the location near the injection spot and gradually dissolved into Fe* and Fe®
in S3 and S4 section. The transportation of nano Fe® in 100% kaoline was higher than the other mixed mediums, which was attributed to its
higher electrical current. Nano Fe® migrated in kaoline is existed as lepidocrocite and magnetite according to w—-XANES analysis, which in—
dicated that the dissolution and transformation of nano Fe® was easy to occur during EK delivery process and its migration in kaoline was
carried out in ionic state.
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5 B A :2016-09-02

HETB [ HEARR= R H (41471261)
YEE BT B8 3F(1985—) , L IR H s, [, ERNFT5 Y A sl h I8 201 5Y . E-mail : fanguangping@csceceng.com
*BIEEE.H4AE  E-mail . dmzhou@issas.ac.cn



mailto:fanguangping@csceceng.com
mailto:dmzhou@issas.ac.cn

eI A K Fe EARTA T RS S 2321

gk Fe® | A 0 B 2 v AR A i A 1
TE 15 Ye T KR B 52 rh 2 BB B2 0GB
ANLAT AR S TCH LTS Uik v] LARE g AL de
{HAE, BTk Fe Rifd/N, LR R, fEyufEite
MRETIER T 55 L EHE . 756, 9K Fe® (iR
JE S AR — A T B, R RIEAK A RS 15
YW 7053 H b A RE S BRTS Y W R SR A7 o ARK R R
74 TR I B AR A, A ST R 9k Fe E A
J P BT RS R B A TLoRE, PR L, ] SR IE 4 K
Fe® 76 T 3 th (i B I HAE K IR BT R i AR P R
R PRAREAE wm A  BR ahEk h Jo F o e
[ A A TR AN K Fe® BRR P ,  H 7E AR IR
BT RE WG o R0 R 5 44
K Fel R M, LR IR IR IR B FNFR F SR 4k
RN HIFAE A 150 BRI BB R IR BT AL e
Comba S5 MR F A ) e 3R 40 5 i e oF 0 LA K Fe®,
R 6g-L™* AR RENE 15 g- L7 MY44K Fe® I
FsE 10 d DA b AT AL 0 2 W 0 R I 40 K Fe®
B —Fh P s ik, e e b HoAa T [ hg
FHRT S0, BARABLAI AN K Fe® 16 2L R ey
b EEE R, (MILAEMRB &M b L sk
4 RIE

PR FAR SR BB B AR A R 3
SRANK Fe® 7E LI b A P RE , S L BR N AR A
THlRetE. B R EARBAIEE LR ALY
s AT Y R, FRRIE A TR AN B
o AU RV B e AL 0K Fe® 7R gt
WO FIORG - (AT RS X5 Ye g A R, ELXE RS
okl B RRIOK Fe® Sl B i E TR
J5 A2 R F 0K Fe® FEIE R R AETE RS
HIBFFEAR D .

ARSI 2 H R EER R O 43 H 44 K
Fe® fEHLIHIERAT N IISE, RIS - HL
4k Fe ZEA A P BSR4 T R R AE RS, o e
Bli-giK Fe® kA 18 2 R I I AR A B A B A
RIEFE,

1 #HH5H%

1.1 ftara

A7 BERPF R U - B [ 1 25 ka0 A PR A A
(HED. AREEPRAEE 4 0.50~0.60 mm, 345] B f5
ok 1.2(Ui=dg /dy) , SE-H7 4142 0.55 mmB&, 4 K Fe®
W) ) R T S B 2 KA AT FR |, A% 30~100

nm, (RAF T IRAEFRAE T (YOQX- T, F 55T B B #
WA BRAE] ) o B Ol BE 800~1200 cps) I H
[ Sigma Aldrich 24wl . 1356 it K3 R i 4lizk (18
MQ-cm™), F Mill-Q R&4ciil#r, HEUKELAAS
20 min il £
1.2 Bzhikie

HL BRI ke B AN 1 PR 4G g s S it 4
KANFEIBE A . FUE AR K I & 1,
R, S e A AR FUE A (12,5
cmx8 cmx6 cm) . BH BH#% B, fi# it (2.5 cmx8 cmx6 ¢cm)
DL A KA R it (2.5 cmx8 cmx6 cm) . 44K A1k
BN T BSE e R AE T P AR 3 om i, Ak
Rl % 25 AU R BA A 4 Ha A (4.0 cmx4.0 em) | BT H TR
VUIE B G S AEF pH 3 ST RS0 . RPN
WA s R FHALZE P 2 Je Je M (100 H , L4 150 pm) iy
B A HE 55 A o S FE St B T, 764325 47 S5 B9 [ B A T 24
Kb, Wi EIF A L AR T Ui A S
TRHES

17.5cm

L E IR 2. A BORST 5 3. 40K BRIt 5 4. BAAR 5 5. B 5
6. WRANAE 5 7. B AR 5 8. R I I B 5 O. BRI v AR it 5
10. B FRLARB B 5 11, BRBET 5 12. BRI ; 13. pH At

B 1 Bzl EE

Figure 1 Schematic diagram of electrokinetic apparatus
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Table 1 Experimental design of electrokinetic treatments
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xm PH i G /pS-om TR veem
Exp-01 100% A5 JLhh 6.19 2.98 0.01 mol-L™ NaCl+0.001 mol-L* NaHCO, 649 1 10
Exp-02  75% f5mb/25% mik 4 7.01 7.16 0.01 mol-L™* NaCl+0.001 mol-L"* NaHCO; 684 1 10
Exp-03 50% A 3hh/50% i+ 7.07 12.5 0.01 mol-L™* NaCl+0.001 mol-L™* NaHCO; 562 1 10
Exp-04 100% =i+ 6.98 18.5 0.01 mol-L™* NaCl+0.001 mol-L™* NaHCO; 310 1 10

T AFEST B 3 om (FRAEN 80 mL VK EEN 1g- L (94K Fe® B, B R4,
Note: Add dispersed nano Fe° (1 g-L™*,80 mL) from about 3 cm distance from anode per day.
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Figure 2 Variation of electric current intensity(a) and
electroosmotic flow(b) at different time in various treatments (the
positive value means the electroosmotic flow towards cathode )
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Figure 4 Total Fe(a) and Fe*(b) concentration in soil after
electrokinetic treatments
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Figure 5 The photo of different mediums after
electrokinetic treatments



e % AR Fe EARIRA T RS S 2325

A T fRARAL . DL R SRR AR E R R a0k
Fe® 7 Ik - FR T RS e o 28 B v e A ol

B AN oK Fe® L H B A Fe® N AX R Y
Fes0, AL 2P, gl K Fe iy %A AL H 2 M Fe® [n] Fe?
il P4k, il ik XANES 43 Hr iR 25 5 FIWe ), S T
A K Fe® 7E L A TEIR S CRERIDE = 0 -
H), BEHC Exp-04 rhEEIT B AL S2 FRAEE A, X
HAYT w-Mapping, 531 T #oC R 172 [\l 534 E i
W 6 Fi7n, v LB H AR AR BE e v FLAs 8] o0 A 544
A7, WEECH A A4S 5 (Hot spot 1 A1 Hot spot 2) i T
Fe 1 K i1 w-XANES Wi & , 408 7 firn . 45508589
Hot spot 1 H 8k 1 430 2 $h K8k 81.0% .6 317K
B 10.6% FIREEH™ 18.9%, Hot spot 2 4 L4 K7 2
KR 15.0% .6 17K Al 57.3%FIRL 0™ 31.8%,
BT 53 BT i — R SE A K Fe® 7R Bt B IR A 5
R, HAE SIS iR A 18
AT
3 Itig

YK Fel B T LA H5 g 1 LR TR R s I v
Ab IR AT DIE R R AR 3 i A 3R K (R
A a5l . BRI DL R i S | 1 IR R A A

-4.60 -4.55 -4.50 -4.45 -4.40

* 0.35
()

' 0.30
9 0.25
@ 0.20
=) 0.15
N
x 0.10
]

3

B 6 Skt Fe 89 p-Mapping Ei%
Figure 6 Fe w-Mapping spectra of kaolin sample

Ak A [
15— e _
E [ o
Npwgn e T
R L R —
= 2 oKk .-_.-"l_. L
+= | Hot spot 2 #
_Hotspotl !

7080 7100 7120 7140 7160 7180 7200
AEft/eV
B 7 |ietrh Fe IR SRR Fe 89 K i1 n-XANES i%
Figure 7 Fe K-edge i—XANES spectra of kaolin sample

FAE L3P R RTS8 32 2 B T4 v 3ok Bk 5 4
K Fe® FEAN B YIRS, bR SR T AT fE
P HBhEALaK Fe® FEAR AN B AP AA T 0 IS
LEREW], AR Fe® T A e P I RS BE 1) B0 T
W -, AR e 1 IR R LR TS T .
K Fe® fE R IE B B I AT LA T LA

(LYK Fel TEmmilk LI A AT A il sl R
RYITEHE A TP IIAK Fe® iHD , K
2K Fe® HRAE T AE DR B BB B 5 i 40 K 4
TR S2 B3, RN Fe® RATRAERT. 4
AR Fe® BT 1 g- L™ I, 85 e A AR AT
TE o BIRTEIRXIR: P A K 0] KRBt B it il £ 14
TR T AR Fe® B, (HUZHAK Fed vk L
1o T Al A LA, FR K Fe® 75k 23 A A A
RRTIE. Ak Fe® HIE LU 2B A BTALBR (R
TR e b, ORI FEAERROR 280 ) SR A AT SR A4, A
11 BRI A E A 5 AT RS

(2)9°K Fe® M PRIZEI R S o IR 45 R FPgh ok
Fe® TEIL B BN 11 AL B = 22 DL Fe” 5 Fe* f77E,
YA Fe® BE TR K AR U A S ( 2Fe+4H+0,—
2Fe*+2H,0;2Fe® + 2H,0 — 2Fe* + H, + 20H7), H%
i (BRI B B W s A ) I IR RO T 4K
Fe® RIATR , ik SEifigg " Wphs 238 250 LB, e
W Z TR Y, BRAHE— 22 A P A 3l

(3K Fe fERE LAY R DIBYERT. MIHT
ATIERD K Fe® FE e e AT RS B IRNE . Ko £
DR TR SR GRS N T TR R/ T SR g DR D
PEAE K Fe® B2 5y 7 i W b 2 11k A= UAR, DT iR
il IR

(4) HLfige 7= A 1) B 1 B PR S ) A Bl A
B FEL e AN W™ A H G 1] BRI PR3 A% 2 2 i Joi
VWP R TR EERYIE N, flEGAOK Fe® oA T IR
fift o T3 oh, BAMRHL A ™ A Y OH 1] BH AR 78 8l s 23 &
AR Fe® B BlAL, 8 SERRI A P B AR pH
i

4 Hig

X IR T A B 9ok Fe® FER TR A ot
HIERSA T ST, R IRANK Fel 7047 Serb o AT B8
T I RIS AR FR, KER /9K Fe® 42 R TE ST
BN S1 I S2 F 43, PRI BB 1 (1) S3 i S4 S
SRt Fe*n) Fe¥ 4k, 100%g 0 £ Higok Fe
(FIEFERE FT5R TR A AR TR, {H KR 3 2 A A 25



2326

YIS Rty F 3555 121

] BRI S , i -XANES B0 Hr&l RAIEsE 17 s 33K 3
e - P BR T B AL B A RERR T T A A 1%
WP RULHT L IR Ak Fe® 1E ml L P YT 2
DA 5T, 9K Fe® TEARIB BN BT L%
TR A3 M

SE

[1] Masciangioli T, Zhang W X. Peer reviewed : Environmental technologies
at the nanoscale[J]. Environmental Science & Technology, 2003, 37(5) .
102A-108A.

[2] Zhang W X. Nanoscale iron particles for environmental remediation: An
overview[J]. Journal of Nanoparticle Research, 2003, 5(3/4 ) . 323-332.

[3] Zhang W X, Elliott D W. Applications of iron nanoparticles for ground-
water remediation[J]. Remediation Journal, 2006, 16(2).7-21.

[4] ElNiott D W, Zhang W X. Field assessment of nanoscale bimetallic parti—
cles for groundwater treatment[J]. Environmental Science & Technology,
2001, 35(24):4922-4926.

[5] Quinn J, Geiger C, Clausen C, et al. Field demonstration of DNAPL de-
halogenation using emulsified zero-valent iron[J]. Environmental Sci-
ence & Technology, 2005, 39(5):1309-1318.

[6] Henn K W, Waddill D W. Utilization of nanoscale zero-valent iron for
source remediation ; A case study[J]. Remediation Journal, 2006, 16(2).
57-77.

[7] Wei Y T, Wu S C, Chou C M, et al. Influence of nanoscale zero-valent
iron on geochemical properties of groundwater and vinyl chloride
degradation; A field case study[J]. Water Research, 2010, 44(1).131-
140.

[8] He F, Zhao D Y, Paul C. Field assessment of carboxymethyl cellulose
stabilized iron nanoparticles for in situ destruction of chlorinated sol-
vents in source zones[J]. Water Research, 2010, 44(7) .2360-2370.

[9] Bennett P, He F, Zhao D Y, et al. In situ testing of metallic iron
nanoparticle mobility and reactivity in a shallow granular aquifer [J].
Journal of Contaminant Hydrology, 2010, 116(1):35-46.

[10] Johnson R L, Nurmi J T, O’brien Johnson G S, et al. Field-scale trans—
port and transformation of carboxymethylcellulose -stabilized nano ze—
ro-valent iron[J]. Environmental Science & Technology, 2013, 47(3).
1573-1580.

[11] Comba S, Di Molfetta A, Sethi R. A comparison between field applica—
tions of nano-, micro-, and millimetric zero-valent iron for the remedi-
ation of contaminated aquifers[J]. Water, Air, & Soil Pollution, 2011,
215(1/2/3/4) . 595-607.

[12] He F, Zhao D Y, Liu J, et al. Stabilization of Fe-Pd nanoparticles
with sodium carboxymethyl cellulose for enhanced transport and
dechlorination of trichloroethylene in soil and groundwater[J]. Indus—
trial & Engineering Chemistry Research, 2007, 46(1).29-34.

[13] Tiraferri A, Sethi R. Enhanced transport of zerovalent iron nanoparti—
cles in saturated porous media by guar gum[J]. Journal of Nanoparticle
Research, 2009, 11(3):635-645.

[14] Phenrat T, Liu Y, Tilton R D, et al. Adsorbed polyelectrolyte coatings
decrease Fe° nanoparticle reactivity with TCE in water: Conceptual
model and mechanisms[J]. Environmental Science & Technology, 2009,
43(5):1507-1514.

[15] Comba S, Sethi R. Stabilization of highly concentrated suspensions of
iron nanoparticles using shear-thinning gels of xanthan gum[J]. Water
Research, 2009, 43(15):3717-3726.

[16] Vecchia E D, Luna M, Sethi R. Transport in porous media of highly
concentrated iron micro- and nanoparticles in the presence of xanthan
gum[J]. Environmental Science & Technology, 2009, 43(23).8942-
8947.

[17] Yang G C C, Hung C H, Tu H C. Electrokinetically enhanced removal
and degradation of nitrate in the subsurface using nanosized Pd/Fe slur-—
ry[J]. Journal of Environmental Science and Health Part A, 2008, 43
(8):945-951.

[18] Yuan S H, Long H Y, Xie W J, et al. Electrokinetic transport of CMC-
stabilized Pd/Fe nanoparticles for the remediation of PCP-contaminat—
ed soil[J]. Geoderma, 2012, 185.18-25.

[19] Jones E H, Reynolds D A, Wood A L, et al. Use of electrophoresis for
transporting nano-iron in porous media[J]. Ground Water, 2011, 49(2) .
172-183.

[20] Chowdhury A I, O’carroll D M, Xu Y, et al. Electrophoresis enhanced
transport of nano-scale zero valent iron[J]. Advances in Water Re-
sources, 2012, 40.71-82.

[21] Reddy K R, Darko-Kagya K, Cameselle C. Electrokinetic —-enhanced
transport of lactate-modified nanoscale iron particles for degradation of
dinitrotoluene in clayey soils[J]. Separation and Purification Technolo-
gy, 2011, 79(2) . 230-237.

[22] Gomesa H |, Dias-Ferreira C, Ribeiro A B. Electrokinetic enhanced
transport of zero valent iron nanoparticles for chromium( VI ) reduction
in soils[J]. Chemical Engineering, 2012, 28.102-108.

[23] Wang D J, Zhang W, Hao X Z, et al. Transport of biochar particles in
saturated granular media: effects of pyrolysis temperature and particle
size[J]. Environmental Science & Technology, 2013, 47(2).821-828.

[24] Zhou D M, Wang D J, Cang L, et al. Transport and re-entrainment of
soil colloids in saturated packed column.Effects of pH and ionic
strength[J]. Journal of Soils and Sediments, 2011, 11(3).:491-503.

[25] & . IR AL A AT M. BT . o AR AR ittt 2000.

LU Ru-kun. Analytical methods for soil and agro-chemistry[M]. Bei—
jing: China Agricultural Science and Technology Press, 2000.

[26] Noubactep C, Caré S, Crane R. Nanoscale metallic iron for environmen—
tal remediation ; Prospects and limitations[J]. Water, Air, & Soil Pollu-
tion, 2012, 223(3):1363-1382.

[27] Nurmi J T, Tratnyek P G, Sarathy V, et al. Characterization and proper—
ties of metallic iron nanoparticles: Spectroscopy, electrochemistry, and
kinetics[J]. Environmental Science & Technology, 2005, 39(5):1221-
1230.

[28] Liu Y, Majetich S A, Tilton R D, et al. TCE dechlorination rates, path—
ways, and efficiency of nanoscale iron particles with different properties
[3]. Environmental Science & Technology, 2005, 39(5) : 1338-1345.

[29] Waychunas G A, Apted M J, Brown Jr G E. X-ray K-edge absorption
spectra of Fe minerals and model compounds: Near-edge structure[J].
Physics and Chemistry of Minerals, 1983, 10(1):1-9.

[30] Reinsch B C, Forsherg B, Penn R L, et al. Chemical transformations
during aging of zerovalent iron nanoparticles in the presence of com—
mon groundwater dissolved constituents[J]. Environmental Science &
Technology, 2010, 44(9):3455-3461.



