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Degradation Mechanisms of TCE in Cement/Fe(ll) Systems
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ABSTRACT : This study investigated the dechlorination mechanisms of TCE by Fe(Il) associated with cement. Batch slurry experiments
were performed to investigate the behaviors of selected ions; Fe(Il), Fe(Ill), Ca*", SO in cement/Fe(IT) system. The kinetic experiments
of TCE in cement/Fe(IT) systems showed that injected Fe(I) was mostly sorbed on cement within 0.5 day and 90% of injected 200 mM
sulfate was sorbed on cement within 0.5 day when [TCElp = 0.25 mM and [Fe(Il)lp = 200 mM. The kinetic experiments of TCE in
hematite/CaO/Fe(Il) systems were conducted for simulation of cement/Fe(Il) system. Calcium oxide that is one of the major componenis in
cement hydration reactions or has a reactivity in limited conditions. Hematite assumed the ferric iron oxide component of cement. The reac-
tivities observed in hematite/CaO/Fe(Il) system were comparable to those reported for cement/Fe(Il) systems containing similar molar amounts
of Fe(Il). The behavior of Fe(I) and SO.” sorbed on solid phase at an early stage of reaction in hematite/CaO/Fe(Il) system was similar
to that of cement/Fe(Il) system. Ferric ion was released from hematite at an early period of reaction at low pH. The experimental evidence
of kinetic test using hematite/CaO/Fe(Il) system implies that the reactive reductant is a mixed-valent Fe(II)-Fe(IlI) mineral, which may be
similar to green rust. Fe(II) sorbed on cement can be converted to new mineral phase having a reactivity such as Fe(Il)-Fe(Ill) (hydr)oxides
in cement/Fe(Il) systems.
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Table 1. Chemical composition of the portland cement(type I)

Oxide
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Fig. 1. Effect of addition of CaO in iron oxide mineral/Fe(Il)
systems.
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Fig. 2. Kinetics of TCE degradation by the hematite/CaO/Fe
() systems with the amendment of various con-
centrations of Fe(I). The error bars are ranges of
measured TCE concentrations. Some error bars are
smaller than the symbols. Curves represent pseudo-
first-order fits.

Table 2. Comparison of pseudo-first-order rate constants ob-
tained from two different sys’[ems"’b

Cement/Fe(Il)* hematite/CaO/Fe(Il)
Fe(Il) dose(mM) ] ]
kd) k(d")
40 0.28(£5.4%) 0.079(27.8%)
100 0.47(£4.4%) 0.26(+15.8%)
200 0.73(£25.6%) 0.67(+19.4%)
400 1.2(£9.1%) 0.71(£13.1%)

“Initial concentrations of TCE was 0.25 mM.

"Mass ratio of solid to solution was 0.1.

*Pseudo-first-order rate constants from the previous study™”
Uncertainties for rate constants represent 95% confidence limits
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Fig. 3. Fe(Il) sorption kinetics. Experimental conditions : solid
= 224 g/22.4 mL water(S/L=0.1), [Fe(I)] =200 mM,
TCE Conc.=0.25 mM. Some error bars are smaller
than the symbols.
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Fig. 4. Sulfate sorption kinetics. Experimental conditions :
solid=2.24 g/22.4 mL water(S/L =0.1), [SOs"]=200
mM, TCE Conc.=0.25 mM.
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