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Abstract Chlorinated ethylenes (CEs) are efficiently degraded by a novel green rust-carbonaceous material (GR-CM) composite. The dechlorination of tetrachloroethylene
(PCE), trichloroethylene (TCE), cis-dichloroethylene (cis-DCE) and trans-dichloroethylene (trans-DCE) follow pseudo first-order kinetic with half-lives of 3.34, 4.04, 4.35 and
1.79 h, respectively, in which [3-elimination is proposed as the major reductive pathway as acetylene contributed > 80% of total carbon mass of products over the reaction
course. The highly reactive GR-CM composite is a promising material for remediation of CE contaminated water due to the advantages of scalability of production, low cost
and eco-friendly properties.

1 Background

Green rusts (GRs) are Fe(ll)-Fe(lll) hydroxide salts with brucite-type layer structure, which are strong reductants
for diverse reducible contaminants in soils and water including chlorinated ethylenes (CEs). Although the
reduction of CEs by GRs is thermodynamically favorable, experimental results have not provided consensus on
the reactivity towards CEs degradation, such as pseudo first-order kinetic constants of tetrachloroethylene (PCE)
degradation varying from 0.013 h-! to zero under different experimental conditions (Table 1). Thus, the
dechlorination reaction appears to be kinetically constrained. We have now investigated how carbonaceous . PCE
material enhanced dechlorination of CEs by GR. i ® TCE
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_ : Ig. 1 Kinetics of dechlorination of PCE, TCE, cis-DCE and trans-DCE by
PH 9; no buifer NC Choi, 2006 GR-CM together with pseudo first-order kinetic fitting. Error bars represent
oH 9: no buffer: [TmM Ag(l)]° (5.0+1.3)x10°3 Choi, 2006 the standard deviation {n = 3).
pH 9; no buffer (1.0+£0.4)x104 Choi, 2006
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b NC, not calculated due to low reaction; |
¢ 1mM Ag(l) was added to the solution: b /% G 8
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2 Methodological approach £ i
GR suspension was freshly synthesized by the glycine-buffer method. The GR-CM composite slurry composed of *§ 0 OG_I s E’\Sjy,ene
22 mM [Fe(I)] GR and 1.0 g-L'1 CM at pH 8.0 was obtained by mixing GR suspension with CM slurry. Batch IS ' = :2:¥gg‘y'acety'e“e
experiments were carried out by using 10 mL headspace glass vials with 5 mL suspension and 20 uM of added CE % 0.04 - = —m— Total mass
In triplicate. Reactants and products were measured by Triplus300 combined with TRACE1300 equipped with g | 2 g'é‘”c';ntml
PoraBOND U column (25 m X 0.35 mm X 7 um) coupled to dual ECD and FID detectors. 0,00 0GR control
3 Results |« :ﬁs\ "
Fast dechlorination of PCE, TCE, cis-DCE and trans-DCE at pH 8.0 were observed by using GR-CM composite 0.00 fA—A—A—— ﬁ“‘f‘ﬁ . : . : —A .
(Fig. 1). All substrates with initial concentrations of 20 uM were reduced by at least 90% within 24 h, with one 0 5 10 15 20 25
example of PCE shown in Fig. 2. Reactions follow pseudo first-order kinetic well, seen Table 2. Acetylene was the Time (h)
main product detected for all CEs, accounting for more than 80% of carbon mass in all products. Control
experiments showed that neither individual CM nor GR was able to remove any of CEs over 3 months. Fig. 2 Kinetics of dechlorination of individual chlorinated ethylenes and
Table 2 Kinetic parameters and products distribution of CEs dechlorination by GR-CM formation of corresponding products by GR-CM composite shown as C/C,
VS. time.
Final products: Acetylene (86%) caooc ¢ H
Hydrogenolysis : i Hyd lysis
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. 0 ' H H Cl H H
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trans-DCE 0.39:0.00 037:009 179  cetylene (98%) without detectable oA o Ch G
Intermediates 1,1-DCE trans-DCE cis-DCE
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d Distribution of individual products as percentage of initial amount of target chlorinated compound (or that in control Y ¥ . g (H)_Cl_C:C_Cl
samples measured at the same time). C=C “ (Dichloroacetylene
H H
Given the products distribution, possible reductive pathways have been depicted as Scheme 1. PCE was Ve tljydmgﬁsmlyaiﬂfast}
transformed to TCE via fast hydrogenolysis, following 3-elimination with further rapid hydrogenolysis approach to
produce acetylene as final product. As to TCE/cis-DCE/trans-DCE, they may be directly reduced to acetylene via H—C=C—H
B-elimination. Thus, B-elimination is proposed the main reductive pathway of CEs dechlorination by GR-CM Acetylene

composite. Scheme 1 Proposed dechlorination pathway for reduction of CEs by GR-CM.



