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Abstract:

A proof-of-concept study was conducted to investigate the feasibility of in situ
formation of bimetallic nanoscale iron particles (BNIPs).  The laboratory
synthesized BNIPs (LS-BNIPs, e.g., Pd/Fe, Ag/Fe, Ni/Fe) have been shown an
excellent performance for the degradation of chlorinated organic compounds because
of the catalytic behavior of bimetallic structure. The contamination of heavy metals
(e.g., As”", Cr*", Cu®", Pb®") in the subsurface has often been reported. It is not an
unusual case that the mixed contamination of heavy metals and organics such as
chlorinated solvents occurs in the same site. The presence of heavy metals in
contaminated sites could be capable of serving as the source of catalytic metals
resulting in the formation of BNIPs in situ. In this study, a batch system containing
both chlorinated organic solvents and heavy metals was conducted to mimic a mixed
contamination site. Different kinds of heavy metals were tested including As”", Cr®",
Cu®" and Pb*", and carbon tetrachloride (CT) was selected as a model compound to
evaluate the performance of in situ formed BNIPs (IS-BNIPs) in the mimic system.
Kinetic study indicates that in the presence of heavy metals (As’" and Cr®") with
reduction potential more negative than that of ferrous iron, which is -0.447V, showed
no promotion effect of CT degradation with nanoscale iron. However, the rate of CT
degradation with nanoscale iron increased significantly in the presence of heavy
metals (Cu®" and Pb”>") with reduction potential less negative than that of ferrous iron.

This can be attributed to the in situ formation of bimetallic structure onto the iron



surface (i.e., the formation of bimetal) through redox reaction of M™" + Fe’ — M° +
Fe’™ (M™ = e.g., Pb*", Cu®"). Further, no significant difference between IS-BNIP
and LS-BNIP systems in terms of product distribution and reaction rates was found.
This suggests that implementation of nanoscale iron for remediation of a mixed
contamination site is sufficient.

Keywords. nanotechnology, heavy metal contamination, chlorinated organic

solvent, groundwater remediation, zero-valent iron
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Captions

Bl- 24 %F WL B FfRe § L2 F RiBAE -

Figure 1. Reactions of nanoscale iron particles with carbon tetrachloride.

Bl- 7 WAy 1.25g1 cha KR W42 Bkiain? 2 2w, F4
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Figure 2. Isothermal adsorption of arsenate in aqueous systems containing 1.25g/1 of
nanoscale iron particles. The dark line is the Langmuir isotherm and solid circles

represent the experimental data points.
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Figure 3. Reductive dechlorination of carbon tetrachloride with (a) nanoscale Pb/Fe

bimetallic particles (Pb, 1 wt%) and (b) nanoscale iron particles in the presence of 25

mg/l of Pb*".
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Figure 4. Reductive dechlorination of carbon tetrachloride with (a) nanoscale Cu/Fe
bimetallic particles (Cu, 1 wt%) and (b) nanoscale iron particles in the presence of 25

mg/l of Cu”".
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Figure5. Comparison of both different heavy metal contents (Pb*" ~ Cu®") and
synthetic methods of nanoscale bimetallic particles for degradation of carbon
tetrachloride. (I) and (III) indicate nanoscale bimetallic particles were prepared
before employed; (II) and (IV) represent nanoscale bimetallic particles were formed

during reactions in the presence of heavy metals.
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Table 1. The standard reduction potential of various heavy metals and its impact on

degradation of carbon tetrachloride with nanoscale iron.
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Table 2. Possible removal processes of contaminants in groundwater with zero-valent

FPRHBERI R TR SRS LT Y]

iron systems.
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- AREARBRIRERRT [12]2 HE A E B LR E R § LD
£ 42 hys EE BEBRT = (V) iR 5 ¥ ()
As™ AsO;” +4H,0+5e — As’ +80H - -1.39 0.14
Cr® Cr,02 +14H" +6e — 2Cr* +7H,0 +1.232 0.07
CrO; +2H,0+3e" — Cr° +40H "~ -1.2
Pb** Pb*" +2e” — Pb° -0.1262 0.16
Cu* Cu* +2¢ — CU° +0.3419 0.25
Fe* Fe* +2e — Fe' (% % 45) -0.447 0.13

21



5 DR HBED AR TR 5 AP LT

3 AR S 5 AP # b <
I RBRFR BRF B TEFWHSF T EFB S ZF 0% PCBs %P" ~[5]~[6]
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mp A [13]
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Cr* +3e—> Cr'’ [11]
As" +2¢ 5> AST (7 B F) [13-15]
As +3e > As’ (A% 1) [13-15]
FUFE R As’t sy A (oxidants = e.g., [16]

carbonate green rust, maghemite)

Ze o % Mf(surface & i 4 A 0w 4 & (surface £ 4B AP a g R BB LB A [14,15,17]
adsorption) complexation) & 2_ & g #-& E{v il L dom AR A G4 o

Wigs Ry 24258 t oo
ook T % I 2 ITH (nucleation)B-F £ £ 4% Symplesite (Fe3(AsOy),-8H,0) [17]
(precipitation) MEAFLFETARP LA S Realgar (As4S,)
o ok IT O @A SiERT BT EHNE £ A4 2 Carbonate green rust [18]
(oo-precipitation) = R E T o (Fe4(IT)Fex(III)(OH) 1,CO5-xH,O) 3 24 £ iTilik ©
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