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Removal of TNT Reduction Products via Oxidative-Coupling Reaction Using Manganese Oxide
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ABSTRACT : In this study, abiotic transformation of TNT reduction products via oxidative-coupling reaction was investigated using Mn
oxide. In batch experiments, all the reduction products tested were completely transformed by birnessite, one of natural Mn oxides present
in soil. Oxidative-coupling was the major transformation pathway, as confirmed by mass spectrometric analysis. Using observed
pseudo-first-order rate constants with respect to birnessite loadings, surface area-normalized specific rate constants, ks were determined.
As expected, ks of diaminonitrotoluenes (DATs) (1.49~1.91 L/m” - day) are greater about 2 orders than that of dinitroaminotoluenes
(DNTs) (1.15x107~2.09x10" L/m’ - day) due to the increased number of amine group. In addition, by comparing the value of Aur
between DNTs or DATSs, amine group on ortho position is likely to be more preferred for the oxidation by bimessite. Although cross-
coupling of TNT in the presence of various mediator compounds was found not to be feasible, transformation of TNT by reduction using
Fe’ followed by oxidative coupling using Mn oxide was efficient, as evaluated by UV-visible spectrometry.
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Fig. 1. Mechanisms of oxidative coupling reaction induced
by oxidoreductive catalysts.
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Fig. 3. Kinetics of oxidative transformation of (a) 2-amino-4,6-dinitrotoluene and (b) 2,4-diamino-6-nitrotoluene with respect

to the amount of birnessite.
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Fig. 4. Mass spectra of the oligomeric products formed during the birnessite-mediated oxidative coupling reaction of (a) 2-
amino-4,6-dinitrotoluene, and (b) 4-amino-2,6-dinitrotoluene.
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Fig. 5. Pseudo-first order disappearance of (a) 2-amino-4,6-
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respect to the amount of birnessite (same experiment
as Figure 3).
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Table 1. Pseudo-first-order rate constants of DNTs and DATs with respect to birnessite loading and their corresponding
surface area-normalized rate constants

Birnessite 2-amino-4,6-dinitrotoluene 4-amino-2,6-dinitrotoluene
Loadings 5 gL 10 g 20 gL sgl | 10 gL 20 gL
k (day™") 43 112 28.1 7.7 121 17.5
tin (ht) 3.9 1.5 06 22 1.4 1.0
P 0.979 0.958 0.992 0.998 0.999 0.993
ki (L/m® - day) 2.90 X 10-2 1.15 X 10-2
Birnessite 2,4-diamino-6-nitrotoluene 2,6-diamino-4-nitrotoluene
Loadings 0.25 gL 0.5 gL 1 gL 0.25 gL 0.5 g/L 1 gL
k (day™") 12.2 36.0 748 18.0 50.2 98.4
fin (br) 136 0.46 0.22 0.92 033 0.17
5 0.991 0.930 0.895 0.677 0.952 0.896
Feay (Lim” « day) 1.49 1.91
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Fig. 6. Effect of birnessite surface area concentration on the
pseudo-first order rate constant for the oxidative
transformation of (a) 2-amino-4,6-dinitrotoluene and
(b) 2,4-diamino-6-nitrotoluene.
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