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Abstract: The paper presents the researches on the sygjthbaracterization and decontamination capaditists of the
nanostructured zero-valent iron, which can be disethe radioactive contaminated water treatmemtfthe uranium ore
processing plant.There were synthesized two tydesaoostructured iron namely: nanostructured zedent iron

obtained by the boron hydride reducing method aambstructured iron laid-down on the solid suppa@ttivated carbon
Purolite resin type AG 20G and Purolite resin typd 60. The research for testing the decontaminatapacity of the
synthesized materials, which were added commeregih Purolite ARSEN-Xnp impregnated with iron npadicles,

have led to a decontamination capacity varied tirexs the amount of nanostructured iron from thactive material.
Distribution coefficient values (for uranium) obtad after experiments are related both to the obrgé nano-iron
material reagent and their adsorption propertieslizetion of these types of materials leads to racpss with a
decontamination efficiency of over 99.99% accordm¢he environmental quality standards in thedfief water policy.
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1. Introduction 2. Experimental

In early 1990 the research about reductive capiaisili Synthesis of iron nanoparticles by reducing iron
of metal substances, such as zero-valent iron, diezeted sulphate (ll) in aqueous medium - the method ctssrs
towards the depollution of waste water [1-8]. loyed to reducing ions Fe (Il) to zero-valent iron using dioydride
be particularly suitable for the decontamination ofccording to reaction 1;
halogenated organic compounds, but subsequentestudi
have confirmed the possibility of using zero-valeah for
the reduction of nitrate, bromated, chlorate, nitromatics
compounds, brominates pesticides. Zero-valent prowed
to be effective in removing arsenic, lead, uraniamd
hexavalent chromium.

Studies have demonstrated that the efficient retrafva
contaminants depends essentially on the iron pestigize
because the reactions arise from the iron partoléace

[9].

The most reactive iron nanoparticles, are obtaimed It is therefore necessary excess of borohydridefaon
reduction of borohydride of iron salts in aqueoakition direct the reactions in a zero-valent iron formatidhe
[11] and on solid support, in our case activatech@a yield of precipitation of iron using this method své4.5%.
Purolite type AG 20G and’ Purolite type C 160.Présin Iron content determined by volumetric method olediim
paper research offers information regarding thettggis, dry compound was 52.34%.

characterization and testing the decontaminatiqracity Synthesis of iron nanoparticles by reducing iroh (|
of nanostructured zero-valent iron (in discontinsouSulPhate in aqueous medium with hydroxide addition

regime), which can be used for the radioactivénce the yield obtained by the method above, witeq
contaminated water treatment from the uranium or@W it is tried to neutralize the hydrogen ionspessible

processing plant [12]. The researches were peribrfoe for zero-valent iron resolubilization. The methoonsists

the commercial resin Purolite ARSEN®impregnated in the reduction of iron (Il) ions with borohydride the
with iron nanoparticles, too. presence of ammonium hydroxide according to rea@io

4F€” (aqg)+ BH,(aq)+ 3H,0 - 4Fe(s) H,BO,(aqg)+ 7H" (aq) (1)

Some of zero-valent iron formed is consumed
according to reaction 2;

Fels)+2H" - Fe*" +H, 1 @)
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4F¢* (aqg) + BH; (ag) + 7NH,OH - indicates that the average of the obtained parside is
. 211.5 nm. For the synthesis of iron nanoparticlgs b
4Fd(s) + H;BO, (ag) + 7NH, (aq) + 4H,0 (3)  reducing iron (I) sulphate in aqueous medium wite
o ) . ) ) addition of hydroxide, particle size distributiors aa
The precipitation yield of iron using this metho&sv function of volume and intensity indicates that #herage
94.5 %. Iron content determined by volumetric mdthas particle size is obtained by the 211.5 nm. The $wathesis
61.45 %. For the characterization of nanopartioletined methods used, lead to obtain the particles with Stume
in both situations, was used Zetasizer Nano-ZS 3800.  sjze, but with different precipitation yield. Conmjyay the
Synthesis and characterization of nanostructured ir image enlarged by 50,000 times of initial activatetbon
laid-down on solid support - method used was thgintreated with iron) were the incidence of indiadi
reduction of iron (Ill) ions by sodium borohydride the particles less than 1 micron is rare, and the @omtent is
presence of sodium hydroxide, in contact with tbéds 0.39% (Figure 1), with iron nanopartic'es deposimd
support. As solid supports were chosen activateioce activated carbon support type Purolite AC20G, eyadr
Purolite type AG 20G and a polymer resin type Rtedl  jmages of 2000, 10,000 and 50,000 times clearljcatd
160. Products characterization was made usingrefect that the deposition of iron particles occurred ahe
microprobe analizer by comparing the initial samsplejncidence of particles below 1 micron is high. Betent is
impregnated with iron. 5.99% and confirms the submission of iron particiasghe
Tests in the discontinuous behaviour - The&gctivated carbon (Figure 2).
discontinuous tests were used to determine thehligbn
coefficient, Ky, for different types of reactive material and )
to determine the speed of contaminants removal. T S

distribution coefficient is defined as the ratiotvkeen the Sk
amount of contaminant adsorbed on the solid and t
amount of contaminant left in solution at equilibmi.
Distribution coefficient was calculated as follows:
K, :c, C; D\L
m C (4) “% ‘ B
Where: ¢ = initial concentration of contaminants in A
solution; ¢ = concentration of contaminants in the final
solution; m = mass of solid reagent material; Votuson
volume (density of waste water can be considerdehty 3
Contaminants concentration associated with thel stlase ; !
is made by the difference between the initial ailf B E y—
concentration. The main advantage of the methdbdaisit
allows fast determination of reactive capacity #&iamn
contaminants. The method is used only for selectirgy
most suitable reactive materials, not for extrapioa of
data in continuous behaviour that because throughtar
column the water speed is different. Thereforevidlues : _ 1 u L! ] .
can be much higher in discontinuous behaviour thase
obtained in continuous behaviour. Were tested the Element Wt % AL %
following reactive materials: synthesized nanostred gﬁ 201'34 g‘;gg
iron; nanostructured iron on activated carbon tipieolite NakK 0.25 0.14
AC 20G; nanostructured iron on macroporous respe ty AIK 1.08 0.50
Purolite C 160; Purolite resin ARSEN "X For the SiK 128 0.57
experimental tests was used a standard solutioi wit glﬁ f.'gj g.fg
similar concentration as contaminated water. Thengbal K K 0.15 0.05
composition of standard solution is: U: 1.16 mgNo: FeK 0.39 0.09
1.61 mg/L, NaCl: 1.52 g/L, N&Os: 1.48 g/L, NaHC@ Total 100.000  100.000
2.77 g/L, NQ": 0.13 g/L, NaSQ,: 1.46 g/L.
Figure 1. Activated carbon — initial structure
3. Result and Discussions For the iron nanoparticles deposited on support of

macroporous polymeric resin, in the image enlarggd

For the synthesis of iron nanoparticles by reducing0,000 and 50,000 times is observed that in thel®einC
iron (Il) sulphate in agqueous medium, particle siz@60 pores were deposited iron particles with dirers
distribution depending on the intensity and volumeess then 1 micron. Iron content in treated resi@1.64%
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while untreated resin does not contain
Figure 4).

iron (FigBrand
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Element Wt % At %
CK 56.34 68.49
oK 24.85 22.68
NaK 7.35 4.67
AIK 1.10 0.59

SiK 0.90 0.47
SK 2.38 1.08
CIK 1.10 0.45
FeK 5.99 1.57
Total 100.000 100.000

Figure 2. Nano-iron on activated carbon

To compare the iron nanoparticle treated Purolite
160 resin with the commercial resin Purolite ARSER
(with iron nanoparticles) was analyzed using etettr
device. Purolite ARSEN % resin is a macroporus
polystyrene resin impregnated with iron nanopaescl
having particle size ranging from 0.300-1.200 mmpld
4.5 - 8.5. In Figure 5 is observed a similitudetiiose of

impregnated resin Purolite C 160, iron content was

approximately of 20.1%.

The uranium distribution coefficient depends bath t
the content of nano-iron reactive material and he t
adsorptive properties of the reactive material.réhare a
lot of studies [6] on the uranium (VI) immobilizati on the
surface of zero-valent iron. In the first stag® femcted as
a reducing agent, facilitating removal of uraniury b
precipitation under reductive reactions 5 and 6:

E0 = —o44v
0 =—077v

Fe® - Fe* +2¢ (5)

(6)

Fe* - Fe +e

23

Zero-valent iron dissolution forms the necessary
electrons for uranium precipitation:

UOZ +4H* +2¢ — U* +H,0 0 - 032w

U* +2H,0 « UO,(s)+4H"

(@)
®)

While as zero-valent iron is attacked, the formatid
oxidation products of Fe (ll) and Fe (lll) leading the
formation of adsorption centres. Reducing U (VIJXdlV)
may take place in solution near interfacé-g@ution, as
soon as electrons are released by corrosion, fetloty
reduced solid precipitation on iron surface. Altgively,
the adsorption of complexes U (VI) may be followeg
their reduction to a mixture solid U (V1) / U (I\r a solid
phase U (IV). Currently is accepted that uranium
immobilization by zero-valent iron can take placg b
tetravalent uranium precipitated reduction and by
adsorption of uranium (VI) complexes on the comwasi
products of zero-valent iron.
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Element Wt % At %
CK 59.19 70.20
oK 26.16 23.29
SK 14.65 6.51
Total 100.000 100.000

Figure 3. Untreated resin

For the experiments performed with zero-valent rano
iron and with nano-iron deposited on solid support
(activated carbon and cationic resin Purolite C160)
distribution coefficient is proportional to the aom of
iron. For the resin ARSEN 'K the distribution coefficient
indicates an accumulation of nano-iron depositedtian
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resin with the adsorption properties for uraniumtioé direct ratio to the amount of nano-iron from reeeti
macroporouse resin used. material. Experimental data showed that for uranamd
For molybdenum removal, which is found in solutiomitrate the maximum distribution coefficients afgtaned
like sodium molybdate, from the reactive materiafor ARSEN-X® and for molybdenum activated carbon
(containing nano-iron) tested, are appropriate omiyerial Purolite AC 20 G
based on activated carbon. In fact, molybdate sowdmbd
from solution and immobilised by activated carbo
Experiments regarding nitrates ions from contaneidat
water experiences showed that zero-valent ironredace
the content of N@ions. The two possible reactions are:

5Fe’ +2NO; +12H* - 5F¢* +N, +H,0 )
4F + NO, +10H' - 4F€"* + NH; +3H,0 (10)

A 1 3
" ' L Element Wt % At %
' CK 59.34 76.48
oK 1677 16.23
SK 218 1.05
CK 119 0.52
4 ] Cak 030 0.12
T S MnK  0.11 0.03
Element Wt%  At% Fek 2010 5.57
CK 3047 4610 Total  100.000  100.000

OK 3227 3673

NaK 514  4.07

SK 1048 595

FeK 2164  7.06 4. Conclusions
Total  100.000 100.000

Figure 5. Purolite resin type ARSENPX

Soluble uranium, present in waste water for uranium
Figure 4. Resin treated with nano-iron ore processing may be removed by two processes:
adsorption on different types of materials and otisa
Most probable reaction is reaction 10 with theprecipitation. Depending on the type of used reacti
formation of ammonium as the final product. Reacti® material the two mechanisms can be individual or
fast even at a relatively high pH (8-10), whilestpH is an combined. For decontamination by reductive preafjuin
inhibitor of different iron oxidation reaction. i$ assumed studies have focused on the use of zero-valent riento-
that in alkaline medium, oxo-iron anionic speciegompounds. Testing depollution capacity on the
(Fe(OH)*Y, Fe(OH)*) are dissolved and precipitatesynthesized materials has led to the following tusions:
containing iron is magnetite (k@&,). Transformation phase 1) depollution capacity of materials based on
may expose a fresh surface of the zero-valent tatej nanostructured iron is directly proportional to @@ount
which leads to a reaction speed relatively stafilee of nanostructured iron from reactive material andthe
experiments showed that the nitrate ion degraddton adsorptive capacity of the support;
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2) the uranium distribution coefficient values are
related both to the content of nano- iron from tieac =

124 —
material and to the adsorption properties of thectiee g 1] _L':a'wmem
material. The most effective proved to be resin ERS > 081 e
X™. Distribution coefficient indicates an accumulatiof S o FNR
nano-iron amount deposited on the used resin withium S o021 —
adsorption properties; 04

3) in case of molybdenum, which is found in EE R T A
solution in the form of sodium molybdate, only mike hours

containing reactive nano-iron from those testedgclvican
remove molybdenum is the compound containing atti/a
carbon; this compound adsorb molybdate from &oiut REFERENCES
by immobilising;
4) nitrate ion degradation is directly proportiot@khe 1. westerhoff P Journal of Environmental Engineering, 2003 129, 1,
amount of nano-iron from reactive material; pp. 10-16. _ _
5) tests concerning the speed of uranium removéi Mantha R., Biswas N., Taylor K. and Bewtra J\Kater Environment
: . o esearch, 2002 74, 3, pp. 280-287.
using nano-iron from waste water indicate that Mest 3”| oraine G.A, Buris D.R., Li L. and Schoolfield, Journal of
kinetics is obtained for ARSEN"Rand after only 24 hours Environmental Engineering, 2002 128, 1, pp. 85-93.
the uranium content decreases to 0.096 mgU/L (EBigur 4. Ol|°ellmuru E-, Fli_lip G-,dG_eorgescu 2%6 Serbg;ll'\é-hAureliaﬁl and
. !Jsmg this typ(_a of m|cr0|_oor0use mate”als’ th{.aAﬂrZTig?] FTaIGIengrsgaelcumlge.},Wg!(;r%an Nq ?ﬂiﬂ;uru E.,Uranium 2000-
efficiency of depollution process is 99.99%, whieimove  pyqcecs metallurgy of uranium, 200q pp..383-390.

the risks of radioactive cations remains in waters. 6. Sohn K., et alEnviron. Sci. Technol., 2006 40, pp. 5514.

Figure 6. Uranium residual content against cortterct
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