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Degradation of TCE by Persulfate Oxidation with Various Activation Methods
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ABSTRACT

Rreactivity of persulfate (PS) for oxidation of TCE under various conditions such as heat, Fe?

*, and UV was investigated.

It was found that degradation rate of TCE increased with increasing temperature from 15 to 35°C. At pH 7.0, the rate
constants (k) at 15, 25, 30, and 35°C were 0.07, 0.30, 0.74, and 1.30 h™}, respectively. For activation by Fe*', removal

efficiency of TCE increased with increasing Fe*'

concentration from 1.9 mM to 11 mM. The maximum removal

efficiency of TCE was approximately 85% when pH of the solution dropped from 7.0 to 2.5. Degradation of TCE by UV-
activated PS was the most effective, showing that the degradation rate of TCE increased with inreasing PS dosage; the rate
constants (k) at 0.5, 2.5, and 10 mM were 34.2, 40.5, and 55.9 h™!, respectively. Our results suggest that PS activation by
UV/PS process could be the most effective in activation processes tested for TCE degradation. For oxidation process by
PS, however, pH should be observed and adjusted to neutral conditions (i.e., 5.8-8.5) if necessary.
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(1) Thermal activation (House, 1962):
820327*‘ heat — 28047'

(2) Metal activation (Kolthoff and Miller, 1951):
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(3) Photochemical activation (Neta et al., 1977):
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Fig. 1. TCE degradation depending on the types of persulate
reagents.
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Fig. 2. Degradation of TCE by PS at various temperatures.
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Table 1. Comparisons of TCE degradation by various persulfate reagents

Oxidants Solubility Removal k Persulfate Final pH Price/500 g Price/1 kg
(%, 25°C) efficiency (%) (h™ remaining (%) (initial pH 7.0) QARED) @F94)

K,S,04 6 80 0.22 96 54 83,0004 7,700
Na,S,0s 73 99 0.35 96 6.3 38,0009 7,400
(NH4),S,05 85 99 0.39 97 3.7 82,0004 4,900
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Table 2. Results of TCE degradation by PS at various temperatures

S 15k oAl 243k heat, Fe?*, UV)H persulfateS ©]-8-

3k TCE #3flof] gk A+ 47

Conditions (°C) Removal efficiency(%) k (hh Oxidants remaining(%o) Initial pH Final pH
15 31 0.07 98 7.0 6.8
25 93 0.30 97 7.0 6.1
30 99 0.74 96 7.0 5.5
35 99 1.30 97 7.0 4.8

Table 3. Comparison of activation energies of PS for TCE
degradation

Conditions Experimental result  Reference result
TCE/PS 1/1315 1/50

E, 109.61 kImol™ 108.13 kImol™
Initial pH pH7 pH7

“E‘ Quloﬂ 94%]. 5:/\101 Z—}gg o)- /~ 0104]4 ISOCO]]}\‘]
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Fig. 3. Arrhenius plot for TCE degradation.
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Fig. 4. Degradation of TCE by PS at various concentrations of
ferrous iron.
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Table 4. Results of TCE degradation by PS at various concentrations of ferrous iron

Conditions Removal efficiency (%) Oxidants remaining (%) Initial pH Final pH
TCE/PS/Fe=1:50:25 30 97 6.5 29
TCE/PS/Fe=1:50:50 61 98 6.4 2.7
TCE/PS/Fe=1:50:100 76 97 6.2 2.7
TCE/PS/Fe=1:50:150 85 97 59 2.5

Tev Fe7t FREA & TCEPS AlZ=Hl3 t27 10 ’ ' 4
%% pH7} A3tE ©]f= TCE mineralization®} 72©]
Fe?'Z5E] AAE sulfate radical®} TCEZ} ¥kS3le] H' 08
o] A=Y witolg} SETH(Liang et al., 2004). g
£ 06
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B o4 ®  Only TCE 0.076mM
Fe?' + 8,04 — Fe*'+S0, - + SO O TCE0.076mM + UV
~ . - 5 v TCE 0.076mM+ UV + PS 10mM
6S0,” + +CGHCl3+4H,0 — 2CO,+9H + 3Cl + 6SO, B TCE0.076mM + UV +PS 2.5mM
02 A TCE 0.076mM+ UV + PS 0.5mM
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Fig. 5. Degradation of TCE by UV/PS system with various
concentrations of PS.
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Table 5. Results of TCE degradation by UV/PS system with various concentrations of PS

Conditions (mM) Removal efficiency (%) k (hY)  Oxidants remaining (%) EE/O (KWh/m®) Final pH (Initial pH 7.0)
Only UV 28 0.57 none 101 P 6.3
10 99 55.9 5.6 1.03 P 2.4
25 99 40.5 4.5 143 P 2.7
0.5 99 342 22 1.69 P 3.5
Table 6. Results of TCE degradation by UV/PS (0.5 mM) system with various concentrations of TCE
Contaminant conditions Removal efficiency k Oxidants remaining EE/O Final pH
(ppm, mM) (%) (") (%) (KWh/m®) (Initial pH 7.0)
30, 0.228 99 13.8 22 5.00 P 32
20, 0.152 99 16.5 2.2 393 P 33
10, 0.076 99 21.1 22 275 P 34
1, 0.007 99 37.1 22 095 P 3.8
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Fig. 6. Degradation of various TCE concentrations by UV/PS
(0.5 mM) system.
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