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ABSTRACT: Objective of this research was to assess the effectiveness of the different sources of the
zero-valent irons (ZVIs) on the reduction of the toxic Cr(VI) to the nonhazardous Cr(Ill) in an aqueous
solution. The physical and chemical properties of the six ZVIs were determined. Particle size and specific
surface area of the ZVIs were in the ranges of 85.55~196.46 pum and 0.055~0.091 mZ/g, respectively.
Most of the ZVIs contained Fe greater than 98% except for J (93%) and PU (88%). Reduction efficiencies
of the ZVI for Cn(VD) reduction were varied with kinds of ZVIs. The J and PU ZVIs reduced 100% and
98% of Cr(V]) in the aqueous solution, respectively, within 3 hrs of reaction. However, PA, F, S and J1
reduced 74, 65, 29 and 11% of Cr(VI), respectively, after 48 hrs. The pH of the reacting solution was
rapidly increased from 3 to 4.34~9.04 within 3 hrs. The oxidation-reduction potential (Eh) of the reacting
solution was dropped from 600 to 319 mV within 3 hrs following addition of ZVIs to the Cn(VI)
contaminated water. The capability of ZVIs for Cr(VI) reduction was the orders of PU > J> PA > F > §
> J1, which coincided with the capacities to increase the pH and decrease the redox potentials. Results

suggested that the reduction of Cr(VI) to Cr(Ill) was derived from the oxidation of the ZVI in the aqueous
solution.
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Table 1. Sources and descriptions of zero-valent irons
(ZVIs) used in the experiment

ZVIs Sources

J Shinyo Pure Chemical Co., Japan

PU Peerless Unannealed Co., Detroit, MI, USA

PA Peerless Annealed Co., Detroit, MI, USA
Fisher Scientific Co., PA, USA

S Hoganas Iron Co., Sweden

J1 Shinyo Pure Chemical Co., Japan
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Fig. 1. Particle size distribution of zero-valent irons (ZVIs) used in the experiment.
Table 2. Particle size distributions of zero-valent irons (ZVIs) used in the experiment
ZVIs D(v, 0.1) D(v, 0.5) D(v, 0.9) Effective size Span Uniformity
um
J 57.31 196.46 407.71 196.46 1.78 0.55
PU 68.24 195.37 404.59 195.37 1.72 0.53
PA 41.78 101.92 201.88 101.92 1.57 0.49
F 35.72 87.92 192.58 87.92 1.78 0.55
S 36.29 85.55 181.575 85.55 1.69 0.53
J1 47.40 97.47 175.26 9747 1.31 041
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Table 3. Physical properties of zero-valent irons (ZVIs) used in the experiment

ZV1s Bulk density Particle density Porosity Specific surface area
————————————————————— g/em’ —meeeee e % m’/g
J 2.15 7.07 69.6 0.065
PU 243 7.15 66.0 0.055
PA 2.51 8.00 68.6 0.078
F 2.78 9.35 70.3 0.091
S 343 8.62 60.2 0.089
1 2.82 8.90 68.3 0.077
Table 4. Chemical compositions of zero-valent irons (ZVIs) used in the experiment
Element J PU PA F S 1
% (w/w)
Al 0.0507 0.0212 0.1338 0.0016 0.0012 0.0246
Ca 0.0266 0.0101 0.0530 0.0052 0.0054 0.0143
Cu 0.0635 0.0711 0.3503 < 0.1040 <
Cd 0.0226 0.0216 0.0252 0.0263 0.0274 0.0244
Co < < < < < <
Fe 93.14 87.82 96.78 99.05 99.02 98.55
K 0.0142 0.0098 0.0298 0.0021 0.0017 0.0035
Li 0.0036 0.0036 0.0094 0.0035 0.0036 0.0037
Mg 0.0321 0.0113 0.0128 0.0003 0.0005 0.0672
Mn 0.2603 04671 0.5630 0.0036 0.1350 0.0571
Na 0.0635 0.0144 0.0864 0.0089 0.0068 0.0073
Ni 0.0421 0.0866 0.1147 0.0107 0.0766 0.0175
Pb < < < < < <
S 0.0634 0.0793 0.0380 0.0082 0.0139 0.0109
Sr 0.0022 0.0023 0.0023 0.0018 0.0018 0.0019
Zn 0.0224 0.0222 0.0261 0.0217 0.0245 0.0194
Total % 93.81 88.64 98.22 99.14 99.43 98.80

< : less than MDL (Minimum Detection Limit)
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Fig. 2. Reduction of Cr(VI) by different sources of zero-
valent irons.
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Fig. 3. Changes of pH with time after the treatments of
different sources of zero-valent irons.
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Fig. 4. Changes of Eh with time after the treatments of
different sources of zero-valent irons.
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