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There has been great interest in synthetic mettih@dsyield supported iron and iron oxide nanopbasic
in order to prevent aggregation and improve ttraingport properties, handling and surface reagtilrit
this work we report on the use of electroless digéiposmethods for the synthesis of carbon-supported

10 iron/iron-oxide (Fe/FeOx) nanoparticles. We havedusarbon porous microspheres synthesized via
ultraspray pyrolysis as carbon scaffolds for theleation and growth of iron nanoparticles. The regub
electroless deposition approach results in comp&®EtFeOx/carbon microspheres of narrowly dispersed
size. A combination of X-ray powder diffraction (KR and X-ray absorption spectroscopies (EXAFS
and XANES) was used in order to determine the 8traand composition of the Fe/FeOx/Carbon

15 microspheres. Microspheres were found to displdy{1)% iron content (w/w), whereby (12 + 3)% of
iron atoms were present as metallic iron and theneing as maghemite (5&;). Finally, we show that
the removal capacity of Fe/FeOx/Carbon microsphiene€r(VI) is (20 + 2) mg g and that the
maximum surface density for Cr adsorbates is (6Ppg m?, thus suggesting that these are promising
materials for the removal of water pollutants fraqueous solution.

» 1. Introduction

Iron and iron/iron-oxide nanoparticles (Fe/FeOxyéhdeen the
subject of intense investigation due to their nwusrpotential
applications. Their magnetic properties make thettractive
candidates for medical applications in imaging,gddelivery and
2s hyperthermia  therapeutic  strateglés, as  well as for
sensing/labelling and magnetic manipulation of lgata or
waste® Nanosized iron particles, in comparison to micsized
or bulk iron, possess higher surface to volumesatiat can lead
to enhanced performance in heterogeneous cataly$ias been
s0 argued that, beyond providing an increase in abklaeactive
surface, nanosized iron particles can also didpiglyer reactivity
than macroscopic particles because of a combinati@uantum
effects and higher structural disordevletallic iron nanoparticles
also act as excellent electron donors in water thedt use as
ssagents for the reductive remediation of pollutarnits the
subsurface, ranging from metals to harmful aniomd arganic
compounds, has been recently the subject of intewestigation
in environmental chemistry’
In order to take full advantage of the desirablepprties of Fe
w0 and Fe/FeOx nanoparticles for any of the aboveieatjmns,
however, it is necessary to control their aggloriena Magnetic
particles tend to form large aggregates that rettd@r magnetic
manipulation and handling extremely challenging.gfegation
can also lead to a decrease of available surfa which has
4s important implications for applications that relyp ¢the surface

reactivity of these iron materials. Furthermoregragation can
severely decrease particle mobility and transpiaus taffecting
the ability to deliver them through complex medtsis problem
is particularly important for environmental apptioas in
so subsurface remediation, where aggregation andrifiie by
porous soil matrices is a limiting factor for thdfeetive
implementation of nanosized iron technolSgyn order to
minimize aggregation problems and facilitate tramspand
delivery several research groups have adopted csurfa
ss modification  strategies to increase electrostatic steric
repulsions between particles. For instance, statitin of Fe or
Fe/FeOx nanoparticles has been achieved using ctamte®
polyelectrolytes, synthetic polymerf and biopolymers'-?
However, an improvement in dispersion stabilityeofoccurs at
s the expense of reactivity, since surface modifeso have the
effect of blocking surface reactive sites. For tieigson, it is often
necessary or preferable to support unmodified nariofes on
solid materials, such as clayscarbort*'” or silica particles
instead'® so that they can be readily handled/delivered avhil
65 preserving their surface chemistry.
Supported Fe and Fe/FeOx nanoparticles are typicall
synthesized via solution methods in the preseneelafge excess
of solid support. Recently, electroless depositias emerged as
a strategy for the synthesis of nanostructured nadde
70 Historically this technique was utilized for theogith of smooth
and conformal metallic layers on conductive or lasng
materials, whereby a surface catalysed reactidevisraged in
order to confine deposition to the surfaeHowever, it has
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recently been shown that electroless deposition @so be
optimized for the growth of anchored nanoparticléssing
electroless deposition, for instance, Metz et aliehsynthesized
nanostructured composite Au/C and Pt/C electrodesfiergy
s storage and conversion applicatiéfié* Recently, we have
shown that green electroless reduction agents eamsed to
deposit Ag and Pd nanoparticfédn this work we report on the
synthesis and characterization of composite Fet@stauctured
materials obtained via an electroless depositiorocgss.
10 Electroless deposition of iron is challenging dwe the low
reduction potential of both Fe(ll) and Fe(lll). Nashi and co-
workers have shown that dimethylamino borane (DMARB)
reductant complex used in industrial electrolessimd processes,
can be used for the electroless deposition of tmifioon films?*
15 In this work we demonstrate that a modified DMABsed
process can be used to direct the synthesis ofinooroxide
nanoparticles at the surface of porous carbon treres with
negligible formation of unsupported particles.
We have used ultrasonic spray pyrolysis (USP), viathgesize
20 porous carbon microsphere (CMs) scaffolds with héglecific
surface area and narrow size distribution centatee700 nm as
nanoparticle supports/carriers. The Tufenkji-Elieatl model
predicts that filtration effects are minimized foarticles between
0.1 pm and 1um in diametef® therefore, CM size is in the
25 optimal range for applications requiring delivefynanoparticles
through porous matrices. Using electroless depositive
controllably grew supported iron/iron-oxide nandjgées in the
range 10-20 nm on CMs and characterized them imstenf
morphology and composition. Finally, we show ttese Fe/CM
30 composite particles display surface reactivity tmiga the
remediation of Cr (VI), a toxic pollutant.

2. Experimental

Reagents
Reagent grade tin chloride dihydrate (96%; Fishpg)jadium
35 chloride (Fisher), sodium hydroxide (97%, Sigma}htbroacetic
acid (DCA, 99%, Sigma Aldrich), sulphuric acid (9%
hydrogen peroxide (30%, Sigma),
complex (DMAB, 97%, Sigma), trifluoroacetic acidAA&, 99%,
Sigma), iron (lll) sulfate hydrate (97%, Sigma), dion
s dichromate dihydrate (99.5%, Sigma). Amorphous aarb
samples used for XPS and X-ray diffraction studieere
prepared via magnetron sputtering deposition tegles, as
previously described by Cullen et?8lAmorphous carbon thin
films were subsequently immersed in piranha satut{8:1,

Figure 1. SEM image of a typical microsphere prepared via {6
1.5 M NaDCA precursor solutions; scalebar = 600 nm.

so were collected in a bubbler containing Milliporeater; they
were then filtered and washed with abundant water ethanol
and left to dry prior to further use.
Sensitisation and activation step
A solution 0.050 M in SnGland 0.070 M in trifluoroacetic acid
es was prepared and CMs were added to a final coratéorir of
0.2400 g/L and sonicated to obtain a uniform disiper. CMs
were left in the solution for approximately 30 mgubsequently
filtered through 0.45uM nylon membranes and washed with
water and ethanol. CMs were then dispersed viacatian in a
705.6x10° M solution of PdG] acidified to pH 1 via addition of
HCI. After 30 min in this solution CMs were washad multiple
cycles of centrifugation and gentle stirring in Mpibre water.
Iron nanoparticle growth
Water was heated up to 80 °C in a reflux apparatisr to
s adding iron (lll) sulfate to a concentration of %14* M; a
typical batch size in our experiments was 50 mLeshly
sensitized and activated CMs were then added tbdhsolution
to a concentration of approximately 0.1200 g/Lwtich DMAB
was added to a final concentration of 0.070 M. Takl
so dispersion was left at 80 °C for 1.5 h under reflgpnstant

dimethylamine beran stirring and under an Ar flow. The iron-modified GMvere

filtered and washed with abundant degassed watgresimanol

prior to drying and further characterization; samspivere kept

under an Ar flow at all times during filtering, wasg and
g5 drying.

Characterization

Scanning Electron Microscopy (SEM) was carried @uia Zeiss

Ultra microscope at an accelerating voltage of &¥.kX-ray

45 H,SO, to H0,) in order to increase the number of carboxylic photoelectron spectroscopy (XPS) was performed nmitiahigh

acid moieties at their surfacAVARNING: Piranha solution
should be handled with caution; it is a strong @itland reacts
violently with organic materials. It also preserda explosion
danger. All work should be performed under a fumedn
so Carbon microsphere synthesis
Carbon microspheres (CMs) were synthesized usitrgsoiic
spray pyrolysis as previously reported. This methimeblves
using a 1.67 MHz piezoelectric disk in order toulede a 1.5 M
sodium dichloroacetate (NaDCA) precursor solutioto ia mist
ss of droplets with narrow size distribution. Dropletgre carried

s Vacuum on an Omicron system with base pressure xiar,
equipped with a monochromatized AlaKsource and a
multichannel detector. X-ray diffraction (XRD) wasrried out
on a Siemes D500 diffractometer with monochroma®ed Ko
radiation. Thermal Gravimetric Analysis (TGA) mes=uents

os were performed using a Perkin-Elmer Pyris 1 TG#ing air as
a carrier gas and a heat ramp of 10 °C/min fronmC28°900°C
including two 5 min long isothermal steps at 100&tt 200 °C.
The specific surface area of carbon spheres wasndieted via
Brunauer-Emmett-Teller (BET) analysis (Quantachrohava

into a tube furnace by a flow of Ar, where the pmsor .4 Station) using a multi-point BET pléf. The sample was pre-

undergoes pyrolysis at 700 °C. CMs thus generaiee Figure 1)

treated at 30 °C under vacuum for 24 h prior tdymisgusing N
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Figure 2. SEM images of the surface of carbon microsphergsreggared (a), after sensitization in &'Ssolution (b), and after activation in a%Pd
solution (c); scalebar = 200 nm. After activationsi possible to observe the formation of smalktdus decorating the surface of the carbon scaffold

as the adsorbing gas. UV-Vis spectra of chromatenanwere
obtained on a Shimadzu UV- 2401PC.
s Extended X-ray Absorption Fine Structure (EXAFSg@cpa were

shows that their specific surface area is 47gm
4sIn order to obtain iron nanoparticles supported aarbon
microspheres, CMs underwent a two-step procesensitization

collected at the SAMBA beamline at SOLEIL synchootf® The
beamline was operated with a Si (220) double-chyssaittal
focusing monochromator. A pellet of pure Fe/CM pewavas

and activation prior to iron reduction at their fage via an
electroless process. The proposed mechanism faetistization
and activation steps consist of two st&pBirst, an exchange of

measured in transmission at the Fe K-edge; theetpellas so Srf*ions at the carbon surface, thanks to the preseihciearged
10 checked for homogeneity with X-rays to estimate sjiue oxidized groups, such as carboxylates. Seconedaction of
thickness errors. Data were analyzed using Hirand  Pd" to Pd that takes place at the adsorbed’Sites, leading to
FEFF8.4° FEFF theoretical standards were tested versushe formation of small metallic Pd particles. Th&sR sites then
experimental F®; and bcc-Fe standards. Maghemite, Hematite serve as catalytic centers for the electroless sigpo of metals.

and Magnetite XANES standards were recorded on BM3OFigure 2a, b and ¢ show the changes observed autffizce of

15 (ESRF) and calibrated on a Fe foil and a Hemat&edard to
match spectra recorded on SAMBA (SOLEIL).
Cr (VI) removal studies
A 129 mg/L Cr (VI) solution was degassed via dtnaic
treatment. Freshly prepared Fe/CM particles wededdo 20mL
20 Of this Cr (VI) solution, in order to achieve a dincomposite
concentration of 0.165 g/L. The suspension was iept under
an Argon atmosphere with constant stirring for theation of
our studies; the solution remained at neutral perdkie course
of adsorption reactions. Aliqguot samples were witlwh at
25 various time intervals. Subsequent quenching ofdaetion was
performed via filtration of the solution through4B.uM nylon
membrane filters. The Cr (VI) concentration was swead via
UV-ViS spectroscopy by monitoring the absorbanc838 nm,
according to a method developed by McCreery andiaders®®
30 Control adsorption experiments were carried out@i§.070 g/L
suspensions of pristine carbon microspheres; thicentration
was found to yield an equivalent particle numbensity to that
used in Fe/CM adsorption experiments, as determirse@iGA.

3. Results and Discussion

35 Carbon particles used in our experiments were sgithd via
ultraspray pyrolysis using a protocol developedSikyabalak et
al** and experimental conditions reported in our presiaork®
Briefly, ultraspray pyrolysis synthesis from 1.5 #élutions of
NaDCA precursors resulted in microspheres with di@m1.8+

40 0.5pm, as determined via SEM microscaygigure 1 shows an
SEM image of a microsphere. Particles thus prephes@ high
contents of graphitic carbon (>80%%smnd oxidized carbon
groups (carboxylic and carboxylate groupsand BET analysis

CMs after each of these steps. After sensitizatiith Srf* we
observe no morphological changes at the carboramirfas
shown by comparing the bare carbon surface in Ei@ar with
the image after sensitization in Figure 2b. Aftes fctivation by

s immersion in the PAd solution, formation of small clusters <5 nm
in size is observed, as illustrated in Figure 2c.
Chemical changes taking place during the sensiizictivation
steps at the surface, were investigated via XPSsunmements.
Figure 3 shows an XPS spectrum obtained on a diaphi

es amorphous carbon surface after the same sengitisatiivation
steps described above. The spectrum shows thaatbastic C
1s peak arising from the underlying carbon film28#.5 eV?®
The 3d doublet of Pd is visible at 340.5 and 3&3/5confirming
the presence of metallic Pd at the carbon surfadably with

70 small amounts of adsorbed oxyg&ri® The Pd 3p doublet is also
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Figure 3. XP spectrum of carbon microspheres after undergtiingwo
step sensitization/activation process that nuckeBtEnanoparticles at the
carbon surface (a SEM image of these samples inrsiroFigure 2c).
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3 154
S
2 LC
= 107 Residual =
54 (a)
- (b)
O ;i ()
0 10 20 30 40 50 60 s )
Diameter (nm) 5 ©
Figure 4. Typical SEM images of CMs obtained after deposition §
DMAB/Fe?** solution after 0.5 h (a) and after 1.5 h (b); ebar = 200 nm. <
The size of primary particles increases with defmsitime. (c) Size
distribution of iron clusters obtained after 1.6ffdeposition.
s visible at 532/560 eV, but it overlaps with the G fieak at
approximately the same hinding enef§yThe spectrum also i —tr~—T I I I
shows a doublet at 486.5/495.0 eV that we assi@nt8d arising 7110 7125 7140 7155 7170 7185
from oxidized tin specie¥:*® Our results are consistent with Energy (eV)

previous XPS studies of the two-step sensitizatici/ation Eiguff_tﬁ- Fe K-edg?_tabso(;pt(ijon thfﬁsho_ltd O:Jtaiélaejd from;(ef-)eh (b)f
: 7 : Hiprs H ematite, (C) magnetite an maghemite s
procgss on Ihsulatlng materials, that shF)W thaﬁlfd tn (e) Fe/CM(. ')I'he I?near combiﬁlaztion g(]LC) fit Witﬁntlpa?;)n?é?erst?';pgtrtgd
species remain at the surface together with met&d>" XPS in Table 1 and the residual are drawn in the bot@Tes.
data in figure 3 together with SEM characterizatglrown in
Figure 2 therefore suggest that a two-step seasiizactivation 4 The composition of metal/carbon composite microsphevas
process on CMs leads to the formation of Patalytic seeds at investigated first via powder XRD measurements oe- F
nanostructured carbon surfaces. decorated carbon samples. Figure 5 shows an XRi2rpabf
After sensitization/activation, carbon microspheresere composite Fe/CM powders obtained after 1.5 h déipasiThe
immersed in a solution containing®at 80 °C, to which DMAB  pattern clearly shows the presence of iron oxidies: lines at
was added in order to lead to the reduction &f.Féigure 4a and 4 30.2°, 35.5°, 43.2°, 53.6° and 57.1° match the attaristic
4b show the CM surface after 0.5 and 1.5 h, regmdygt in the (220), (311), (400), (422) and (511) reflections rognetite
20 iron deposition solution. The images shows the gres of (F&O,4; JCPDS file n0.19-629) or maghemiteRe,05; JCPDS
nanoparticles uniformly decorating the carbon stdffAfter 0.5 file no. 25-14027%° and vielded a lattice constant of 8.37 A, a
h in the deposition bath there is a large poputatibparticles <5  value that falls between those of maghemite andnetitg™*
nm in diameter that accounts for the majority aftigkes that can so Both of these oxides have spinel structure andlysehilar XRD
be discerned in the images, as well as larger giestiwith a  patterns which cannot be easily distinguisffefidditional broad
25 diameter of 13 4 nm, as measured from SEM images. After 1.5lines suggest that other oxide phases with poostaifinity
h nanoparticles increase in size to a diametei7af 8 nm; these  contribute to the XRD pattefl:*? The presence adi-Fe (bcc)
primary particles often grow into aggregates tleatain anchored could not be detected in any of the powder samplesndicated
at the carbon scaffold. Figure 4c shows the siztridiution of ssby the absence of a (110) line at 44°; this was esomat
particles obtained after 1.5 h in the DMAB7E®ath, determined  surprising given that the same electroless deposifirocess,
30 from SEM images. The nanoparticles that decoragepibrous  when used to deposit thick films at flat carbonsitdies, yielded
carbon microspheres are not evident prior to the deposition  a (110)a-Fe reflection, in agreement with results by Nakhnet
step, thus suggesting that particle growth occuestd electroless — al* XRD results on microsphere samples therefore sigbat
deposition of an iron-containing species. eo either metallic iron is not formed or it is preséetow the limit

1

o

1

o
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Figure 7. k®-weighted EXAFS data of Fe/CM compared to thenfiti
curve ink-space (a) an&-space (b). The model did not include distances

R (A)

larger than 0.35 nm.

Components Fraction
a -Fe 0.18(5)
Hematite (F£O5) 0.38(5)
Maghemite ¥-Fe0s) 0.44(5)
Magnetite (FgD,) 0.00(5)

Table 1. Results of a linear combination fit on XANES dafaFe/CM

5 sample (see Figure 6). Error bar is reported iokats.

Path C.N. R (nm) o? (10°nm?)
O1 (oxide) | 4.6(9) 0.195(2) = 13(3)
Fel @-Fe) 0.7(2) 0.251(2) = 7(1)
Fe2 @-Fe)  C.N.(Fel)/8*6 = 0.290(3)

Fe3 (oxide) | 2.6(5) 0.299(2)

Fe4 (oxide) = C.N.(Fe3) 0.343(2)

Table 2. Summary of scattering paths obtained from a biesdffthe

EXAFS spectrum of Fe/CM powders.

of detection when carbon microspheres are usedad®kls for
electroless deposition. Also, XRD results indicdtat iron

10 oxide/s (either F©; or FeQ,) are present at the carbon surface;
oxides could originate from air exposure after dsgian and
isolation of Fe/CM microspherEsor even result from metal
hydroxide formation during DMAB electroless depiusit?*4+*°
In order to better understand composition and stracof Fe/CM

15 particles, we carried out X-ray absorption specipy (XAS)
measurements. In contrast with XRD, XAS can progtiactural
and composition information independently from gresence of
long range order and is therefore better suiteccf@racterizing
disordered iron and iron oxide phases. Furthermd&S is

20 sensitive to metal oxidation state and can be @satistinguish
oxide phases with similar lattice structures ashis case with
maghemite and magnett®We measured the XAS spectrum of
Fe/CM and of iron oxide standards; Fe/CM samplesewe
prepared under the same conditions, dried and ikeptr for

25 several weeks prior to XAS measurements. The atisorpdge
jump was used to estimate an iron content of 144 ly weight,
the pellet was checked for homogeneity with x-reyestimate
possible thickness errors. Figure 6 shows the Fedde
absorption threshold obtained from our sample coethao

30 standards; a linear combination fit of the nornedizXANES
spectrum including all combinations of metallic rirchematite,
maghemite and magnetite was performed and thetsesné
shown in Table 1: under all models, the magnestitexcluded,
while hematite and maghemite have similar weighits & non

35 negligible fraction ofa-Fe. These results indicate that Fe
present mainly in two forms Beand F&.
EXAFS data analysis was performed in R-space imetudingle
scattering contributions of K@; anda-Fe up to 0.35 nm. Again,
it is possible to distinguish the presencaidfe mixed with one

a0 Oor more F&" oxides. Several parameters where constrained as fa

as physically meaningful. The-Fe fraction was left free as well

as the lattice parameter, this means that cooidmaumbers and

distances for Fel and Fe2 in Table 2 are linkedh Bgictor. A

similar approach has been used for the oxide phmagesince its

45 signal is stronger, distances of separate sheadl¢eiindependent
in the refinement. It is unlikely to defintely disguish between
maghemit®’ and hematit® on the basis of this fit, but it is
tempting to compare distances reported in TableitB wose
reported for micro or nano maghemite particles hyri@s et

soal.*® Fe-O1 at 0.192 nm, Fe-Fel at 0.299 nm, Fe-Fehh,
while the same authors found for hematite: Fe-O0.494 nm,
Fe-O2 at 0.210 nm, Fe-Fel at 0.289 nm, Fe-Fe287tm, Fe-
Fe3 at 0.336 nm, Fe-Fe4 at 0.370 nm and Fe-Fe5388 im.
The correspondence of the EXAFS data of the oxietibn with

55 MiCro or nano maghemite is striking. Assignmenttiof oxide
phase to maghemite is also in agreement with XRDRepes
which did not show the presence of hematite in tedéEssly
deposited Fe/CM samples. Finally, results confih@ presence
of at least 12 + 3 % of Bavhich is in good agreement with the

eo fraction reported in Table 1 obtained from XANESaddraking
into account a 14% (w/w) iron content, this resuggests that
the F& content is approximately 1.7% by weight; this eais
below typical limits of detection for XRD of crydliae phases in
amorphous matrices (>2%)and it explains our inability to

es resolve F&lines in XRD patterns of Fe/CM particles.

S
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Figure 8. Cr (VI) removal from solution as a function of &nfor pristine
CM (o) and Fe/CM particless(.

Following the structural characterisation of Fe/@htrospheres
we investigated their properties for the removagpaifutants. The
s removal of Cr (VI) species, in particular, is ofmast importance
in water treatment processes due to the toxic ptiegeof this
high-valent metal species; carbon particles, irod &on oxides
have all been used in order to remediate Cr (VHtaminated
waters. Therefore, we decided to investigate whetbar
10 composite particles, which contain these threesygfematerials,

could remove Cr (VI) from agueous solutions.
The removal curves shown in Figure 8 (trageindicate that
when Fe/CM composite microspheres are added togamoas

solution of Cr (VI), the concentration of this pdknt decreases

15 as a function of time in the aqueous phase. Inrameompare
the removal capacity of Fe/CM particles to thatbafe carbon
microspheres, we carried out control adsorptionegrpents
using pristine CMs. The concentration of carbortiplass used in
the controls was chosen in order to match the numéesity of

20 Fe/CM used in Cr (VI) adsorption experiments. Fg8rshows
the result of a control experiment using pristinarbon

microsphere suspensions (trage the adsorption curve indicates

that the maximum removal capacity of an equivatgrantity of

carbon microspheres is lower than that of Fe/CMigas. An
2s interpolation of adsorption curves using exponéstigielded

maximum adsorption capacities for carbon microsgheand

Fe/CM particles under our experimental conditiofig2? + 1)

mg g* and (20 % 2) mg'§ respectively.

The adsorption capacity of pristine carbon micresph is within

wthe range of carbon adsorbéhteind comparable to that of
activated carbon particl@>® This result suggests that carbon
particles prepared via USP from NaDCA precursorg ar

promising reactive/adsorbing scaffold materials 6r (VI)
removal. Normalization by the specific surface apédNaDCA

35 particles yielded a maximum surface density vahreaidsorbed
Cr at the pristine carbon surface of (46 418)m?>. The BET area
of Fe/CM particles was found to be 335 gt, thus yielding a
maximum surface density of adsorbed Cr of (60 #i§)m?>.
This result indicates that the surface of Fe/CM posite

40 particles is ~30% more effective on average tha ¢fi carbon
alone at capturing Cr (VI) from solution under tlsame
conditions.

4s iron can reduce Cr (VI) to less mobile Cr () sf@s, as shown
by the work of numerous groups on the use of iranoparticles
in water remediation!>>*® The reductive properties of iron
nanoparticles can also be enhanced via Pd-dopingroof
nanoparticle§,however, it is not possible to establish whether P
so present in our electrolessly deposited particleharnes the
removal capacity of Fe/CM composites, based on piesent
results alone. Iron oxides can remove metal comants via a
process of surface complexation and ion exché&htfe®
hydrated iron oxide surfaces are, in fact, exceligrcomplexing
and sequestering both Cr (VI) and Cr (lll) spediesn solution
and have been extensively used in the treatmeniasfe waters
contaminated with chromafé. Assuming that the enhanced
adsorption observed in Figure 8 arises entirelynftbe presence
of Fe0s;, and using %weight contents determined via XANES,
eo We can estimate that the removal capacity ofOgeoxides in
Fe/CM particles is approximately 46 mg".gThis value is
extremely high compared to typical Cr (VI) remoealpacities:
Zhong et al®® for instance, reported values of 3.86 myand
4.75 mg ¢ for pure maghemite and hematite nanostructures,
ss Whereas Hu et &P. achieved maximum removals of 20 mg for
synthesized maghemite nanoparticles. This suggésts high
surface availability due to anchoring at the carboaffold and/or
a simultaneous reductive removal mechanism migtgo al
contribute to the high adsorption capacities okerior our
70 supported Fe/FeOx particles.

5!

a

Conclusions

We have shown that electroless deposition methadsbe used
to deposit iron nanoparticles at the surface ofopsrcarbon
microspheres. We have used a combination of electro
microscopy, X-ray photoelectron spectroscopy, X-défraction
and X-ray absorption techniques in order to deteemi
morphology and composition of the resulting inoligan
nanoparticles. We show that the nanostructureddispaobtained
via electroless deposition consist of mixed metadind oxide
so phases. Analysis of X-ray absorption edge and fitractrure

(XANES and EXAFS) were essential in order to bogétedt the

presence of metallic iron and to determine thattiagority of the

oxide phase consisted of maghemite.

Adsorption experiments indicate that Fe/CM particigepared
ss via electroless deposition are highly effective ramoving
chromate from aqueous solutions. Fe/CM particlaewbown to
perform better than the carbon scaffold alone. Tre (VI)
removal mechanism is expected to result from thehbioation of
reductive and adsorptive processes, given that faghemite
90 and carbon are all three present and potentialliveacowards

chromate capture from solution. These mixed mdteria

microspheres appear to be promising for the desifymew
adsorptive/reactive agents in environmental rentiedia

Furthermore, we envision that the ability to anch@/FeOx
9s nanoparticles at carbon microparticle surfaces doude

advantageous in order to improve handling, aggi@gahnd

transport properties of nanosized iron-based nadseri

7
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