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Abstract
Mobility and stability of nano Zero Valent Iron (n-ZV1), in subsurface, for in-situ remediation of groundwater, has been an issue of
concern. This may be enhanced by adding various surfactants to n-ZVI dlurry. This study was conducted to determine the effect of
surfactants like Poly (Acrylic Acid) (PAA), anionic part of Sapindus mukorossi (reetha) extract and Tween 20, at different volume
percentages, on the stability and mobility of n-ZVI durry, through sand and loamy sand column. Results indicate that PAA-modified
n-ZV1 slurry had maximum mobility and stability through both the soil column followed by reetha-modified and Tween 20 modified n-

ZVI1 dlurry.

Index Terms. Nano Zero Valent Iron (n-ZVI), Ground Water, In-Stu Remediation, Polyel ectrolytes, Surfactants.

1. INTRODUCTION

In the recent years there has been an increasiegest in the
in-situ  remediation of groundwater contaminated hwit
chlorinated solvents and heavy metals by direacinpn of
nano zero valent iron (n-ZVI) [1-5]. The in-situjéction
technology is more advantageous as compared to
traditional passive processes like “funnel and 'gate the
permeable reactive barrier (PRB) processes [6].y Tieact
with contaminants in the source zone and substhnteduce
remediation cost and time [6]. n-ZVI have high ateéaty
with contaminants due to their high surface voluamel are
relatively resistant to fouling from groundwatemtaminants
[7, 8]. However, high reactivity alone is not enbug appoint
this promising technology as a good in-situ rem@atatool.
Simultaneously, n-ZVI needs to be properly dispeisevater
for it to migrate through the water-saturated metdiathe
contaminated zoneWith relatively high values of ionic
strength of groundwater reduction of electrostagpulsion
between particles is favored and colloidal agglatien of n-
ZVI in water is enhanced [8]. The agglomeratiorthi$ n-ZVI
is a key technical failure this promising techngldgces, due
to which the delivery of the n-ZVI to contaminatisaurces in
soil and groundwater offers a great challenge [P-itGs due
to the direct inter particle interactions like vde-Waals force
and magnetic interactions these nano-irons agglaiesr
which reduce the specific surface area and inteifdcee
energy, eventually reducing its reactivity [10].

In order to overcome the drawback in the transparperty of
n-ZVI a common strategy to increase the
electrostatic forces have been studied and implesdehe
use of certain polymeric materials to stabilize Wi-zh water

the

repulsive

is reported in several studies. The use of a walety of
polymers including poly acrylic acid (PAA), polywh
alcohol-co-vinyl acetate-co-itaconic acid (PV3A),
polyaspartate (PAP), Tween 20 and biopolymer siclsay
proteins, starch, and carboxymethyl cellulose (CM@)L3,
25].have been reported so far. PAA is the firdymper used
to stabilize the dispersion of n-ZVI for the fieldmediation
whereas CMC has been recently introduced [14].hBwirtue
of the presence of a polar anchoring groups (e@QOH, —
OH, —C 0O) and a stabilizing hydrocarbon chain ire th
polymers, it can act effectively in stabilizing MEin water.
The anchoring group gets attached onto the sudacezVI
and the long hydrocarbon chain can move freely atewto
obtain various desired configuration. When thessxiffle
chains overlap the electrostatic and steric repnléietween
particles is produced and thus stabilizes the g@artunder
certain conditions [15]. Saponin is one of the namsthmonly
known plant based surfactants. Saponin is largebnd in
plants like Sapindus mukorossi, soyabean [16], I§ailbark
[17] and Fagonia indica [18].

In this paper, we explore the use of three surfastaamely
Polyacrylic Acid (PAA), Tween 20 and anionic extraf
Reetha (Sapindus mukorossi) in order to improventbélity
of nano iron slurry in porous media as compared-@VI
without surfactants along with the stability of paeed nano
iron slurries.

2. MATERIALSAND METHODS
2.1 Materials

All chemicals used in this work are AR grade unietterwise
specified. Except for anionic extract of reetha tither two
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surfactants are commercial products. Polyacrylid #8AA)
was procured from Otto Chemika; Tween 20
(Polyoxyethylene sorbitan monolaurete) was obtaifrech
Sigma Life Science. The chemicals for the prepanatf
nanoiron particles were FeSO4-7H20 from Loba Chedh a
NaBH4 from Loba Chem. The Cation exchange resinl fise
preparation of anionic reetha extract was DOWEXXB(Na)
obtained from Loba Chem.Sand and loamy soil wetaioéd
form the local areas of Dhanbad. They were sietedugh
2mm sieve, washed with distilled water and heatetié oven
before use.

2.2 1ron Based Nanoparticles

Synthesis of nanoscale zerovalent iron particles achieved
by adding 0.04 mol/L FeSAO7HZO aqueous solution drop

wise to a three-necked flask containing 0.08 chl’ehBH4

agueous solution at ambient temperature [19]. Tieegss
was performed in Ar atmosphere. Ferric iron wasiced by
borohydrate according to the following reaction][20

2+ _ 0
Fe(HO), +2BH,— Fe |+ 2B(OH) + 7H 1

Synthesized iron particles were deposited for 4nhAr

atmosphere, and washed with ethanol. Then they wasbed
with deionized water after deposition for 3 h. Aftthe

preparation of nanoiron particles, the desired arhaid the
selected surfactant were added to the nano irgresson and
mixed vigorously.

Table 1: Recipes for different nanoiron slurry

Test Amount of

No. Type of Surfactant | surfactant
added (vol %)

1 PAA 1

2 PAA 2

3 PAA 3

4 PAA 5

5 Reetha Extract 1

6 Reetha Extract 2

7 Reetha Extract 3

8 Reetha Extract 5

9 Tween 20 1

10 Tween 20 2

11 Tween 20 3

12 Tween 20 5

2.3 Preparation of Anionic Extract of Reetha

The Reetha (Sapindus trifoliata) seeds were somkdistilled
water (0.5 kg Reetha seeds/L) for two days and ethshhe

extract was filtered first through a cotton clotildwed by a
combination of glass—fiber prefilter and a 0.45 rtitlipore
GF-C filter. Through -cation-exchange column coritain
DOWEX 50 X8(Na) resin 50mL of the bulk Reetha estra
was passed. The cation exchange columns were alisted
50mL of Milli-Q water each, to obtain the catioffiiactions of
the Reetha extract [21].

2.4 Stability of Nanoiron Slurries

The stability of various nanoiron slurries was by
evaluated by gravitational sedimentation of nanoivathin.
100ml of well mixed slurry was poured into a 100ahiglass
measuring cylinder and observations were made aftery
hour. A control test of nanoiron slurry with no faatant was
also carried out. Test were carried out in batafdeur with
different concentrations of surfactants (1%, 2%, &3t 5%)
(Tablel).

2.5 Column Experiments

Glass burette columns were used to compare thepwoan
behaviour of different nanoiron slurries. The expental set
up was similar to that of Schrick et al. [11] whée column
ends were packed with glass wool plugs to prevéet
drainage of both soil and iron particles. Columrerenfilled
with sandy loam soil up to the height of 15 cm befthe
addition of nanoiron slurries. The experiments weagried
out in a batch of four for all the different contretions of
surfactants and a control which comprised of ordyairon
particles. After the tests were done for sandy losst with
sand were carried with similar experimental setupd a
conditions.

—

In the column studies, the stock solution of susgeeniron
nano particles (3mg/mL) were introduced to the tdpthe
column continuously and an eluent was collected2iml
fraction. For the analysis of this eluent 3mL ofiaqus ortho-
phenanthroline (Aldrich, 3mg/mL) solution was added
Complex formed was measured at 508 nm [22]. If Ris&d
as surfactant the analysis is carried out as falaw0 ml of
ortho-phenanthroline (3 mg/ mL) aqueous solutiod &rmL
of 6 M HCI are mixed to each aliquot and the migtlis
centrifuge at 14000 rpm for 30 minutes. The amaiditon in
the supernatant is determined by absorbance ath08

3. RESULTSAND DISCUSSIONS
3.1 Stability of Nanoiron Slurries

The settling behaviour of various nano iron slermEepared
by adding different surfactants were observed fperod of 6
hours where observations were made after every. haur
distinctive result was observed after four hoursciwttan be
seen in the figure 1. For the nanoiron slurry with@ny
surfactant almost all the nano iron particles sdttdown
accompanied by the formation of thin lumpy layethat top of
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the column. For the nanoiron slurry with Tween 2@
appreciable stability was observed. The anioniaaekt of
reetha showed a slight improvement in stability kut
yellowish colour layer was formed on top of theuwroh which
is due to oxidation of the nanoiron. A satisfactoegult was
observed with PAA where the n-ZVI was still found &
dispersed state with no sign of oxidation. Thiseuleation is
in good agreement with report of other researché&s 23-24]

Surfactant: PAA (2%) Reetha Extract (2%) Tweern(2%)

where it was reported that PAA is a good agenefdrancing
the motility of n-ZVI. The effective use of othemianic
surfactants like PV3A and sodiumdoceyl benzensalferas
also been reported [13, 26]. Bearing in mind trghbst level
of stability offered by PAA the column studies werarried
on.

===

:
—

No surfactant

Figure 1: Effect of surfactants on the dispersion of n-Z¥teasettling for 4 hours.

3.2 Column Studies

The column studies are carried out to measure ffieete of
surfactants on the overall particle transport. RetVI, with

no surfactant, only aqueous solution passed thréluglsandy
loam and sand column, with the aggregated massrmfiron
retained on the top of the column. The immobilifytbese
nanoiron particles was mainly due to the instagi@geration
of the nanoparticles in absence of surfactantsfoAs-ZVI

with PAA (2%), it was observed the nanoiron paetckasily
passed through the sand as well and sandy loarmaglwith

the sandy loam column offering more resistance themd.
Figure 2 and 3 gives the effect of the three stafds PAA,
reetha extract and Tween 20 on the flow of n-Z\otlgh
both the columns as per the concentration of n-Mited
from the column in constant volume. The efficierafythe

surfactants followed the trend: PAA, anionic extratreetha
and Tween 40. Similar kind of trend was also obseérin

Schrick et al., 2004 where only 40% of Fe/PAA itgecwere

retained in the soil columns. The flow rate of gherries were
also recorded with the Fe/PAA showing the hightst frate
of 7.5 ml/min through the sand column as compaoe@.0
ml/min through the sandy loam column. Similarlye tReetha
extract and Tween 20 modified n-ZVI observed tloavfrate
of 3.5ml/min and 2.3 ml/min through the sand colymn
respectively and 2.0 ml/min and 1.5 ml/min throdigé sandy
loam column, respectively. The sand column obsea/édw
rate of Fe/PAA >10 ml/min and 1-5 mL/min in sandgam
column. Both the flow rate and the concentrationehfted
nanoiron are observed to be high in case of sahdntoas
compared to sandy loam column. The main reasorglbiat
the sandy loam has 15-20% silt, due to which, thgiges
impede the flow of n-ZVI slurry through the colunjibl].
Previous works by researchers have confirmed thsd P
binding to n-ZVI creating highly negative surfacgfectively
reduces the filtration removal by aquifer mater[als, 23-24].
Based upon this work, the results confirmed thatttinsport
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efficiency of n-ZVI in porous media can be enhanbgdhe
increase of the PAA dosage.
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Figure 2. Effect of surfactant on the n-ZVI concentration
eluted from soil column.
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Figure 3: Effect of surfactant on the n-ZVI concentration
eluted from sand column.

CONCLUSIONS

The establishment of the stability of n-ZVI sluty enhance
its motility through soil is very important for isitu
remediation of groundwater. The addition of PAA \bu
greatly enhance the stability of nano iron slumiidwed by
reetha extract and Tween 20. The transport behawibun-
ZVI is very different in different soil dependingrbely on
their texture ad characteristics. In the real gdweter and
soil condition the interception of n-ZVI is equaliyportant
for remediation purpose. Hence to minimise thigrcgption

of n-ZVI slurries due to various soil particles the use of
surfactants can show positive results in enhanitiagmotility
of n-ZVI slurry.
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