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A Study on Persulfate Oxidation to Remove Chlorinated Solvents (TCE/PCE)
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ABSTRACT : In situ chemical oxidations (ISCO) are technologies for destruction of many contaminants in soil and groundwater,
and persulfate has been recently studied as an alternative ISCO oxidant. Trichloroethylene (TCE) and tetrachloroethylene (PCE)
were chosen for target organic compounds. The objective of this study is to demonstrate the influence of initial pH (3, 6, 9, 12),
oxidant concentrations (0.01, 0.05, 0.1, 0.3, 0.5 M), and contaminants concentrations (10, 30, 50, 70, 100 mg/L) on TCE/PCE
degradation by persulfate oxidation. The maximum TCE/PCE degradation occurred at pH 3, and the removal efficiencies with this
pH condition were 93.2 and 89.3%, respectively. The minimum TCE/PCE degradation occurred at pH 12, and the removal
efficiencies were 55.0 and 31.2%, respectively. This indicated that degradation of TCE/PCE decreased with increasing the initial pH
of solution. Degradation of TCE/PCE increased with increasing the concentration of persulfate and with decreasing the
concentration of contaminants (TCE/PCE). The optimum conditions for TCE/PCE degradation were pH 3, 0.5 M of persulfate
solution, and 10 mg/L of contaminant concentration. At these conditions, the first-order rate constants (ko»s) for TCE and PCE were
1.04 and 1.31 k', respectively.
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Fig. 1. The schematic of the reactor.
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Fig. 2. The effects of initial pH on TCE removal.
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Fig. 3. The effects of initial pH on PCE removal.
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Table 1. TCE degradation rate constants on various

conditions
o ) [persulfate]  [TCE] Kobs
Exp. Initial pH Final pH p M (mg/L) (h-1) na
1 3.0 2.9 0.441 24
2 6.0 3.1 01 0.302 24
3 9.0 3.0 0.252 24
4 12.0 1.7 50 0.131 24
5 0.01 0.261 24
6 0.05 0.323 24
7 0.3 0.571 24
8 3.0 2.9 0.5 0.630 24
9 10 1.04 18
10 01 30 0.475 24
11 70 0.269 24
12 100 0.150 24

a: total number of the sample

Table 2. PCE degradation rate constants on various

conditions

o ) [persulfate]  [TCE] Kobs
Exp. Initial pH Final pH ‘P ™ (mg/L) (h-1) na
13 3.0 2.8 0.344 24
14 6.0 3.3 01 0.230 24
15 9.0 3.5 0.164 24
16 12.0 11.9 50 0.056 24
17 0.01 0.073 24
18 0.05 0.249 24
19 0.3 0.437 24
20 30 28 0.5 0.440 24
21 10 1.31 24
22 01 30 0.414 24
23 70 0.312 24
24 100 0.215 24

a: total number of the sample

3.1. 7| pHoll chst &St

Fig. 29} Fig. 3& Z2F TCE % PCE &E3ajo tjgt =
7] pHel w2 J&FE Yepd 1gizoeltt TCES] Z$-
3, 6, 9, 129 7] pHelA 6AZF o]Fof Z}7} 93.2,
85.0, 81.5, 55.0%%] A#a-&S YetWelil, PCE= 2t
Z70)A4 89.3, 75.2, 59.8, 31.2%°] M A& e
o] TCES} PCEQ] Baflo] 7] pH7} S F= Aos
Uebgth & AH3(pH 3)3 4714 (pH 12)04+= &
2ol &2 AolE BAAN 54 9 oF 47199 (pH
pH 9)ellA= vlset &all 43S Yeb i) Liang &
8of oJstH, pH 7olAQ] 7P &2 &3l o]t ¥
activation energy(108 kJ mol )uj&Zo|m, pH 9ollA
9] activation energy+ 109 kJ mol 2 pH 79 %
oF & ZpolE Ho|A| (oSS Wt oA Wk,

+ AFA ex2 2139 4 vk 293 Table 13

Table 2+ #4225 H(east—squares method)S A,
He A %] 2ol o] Adjgke] AlE(sum of square
error : SSE)o] |47} B EE excel solverE A3+
AARgE 2 22104 9] TCESF PCEQ] 12} &&= 3= (kobs)
5 UERd 3ol pH 304 TCES PCES] 13} ¥h-g-<4;
= 45 (kobs) = 0.4417}F 0,344 h'2 pH H3HIF o]l A]
7 w2 el g (ko) S UEFHSIAL, pH 129014
0.1313} 0.056 h™1&2 7FY =2 Hall& = 3 (kovs) S U
eliglth & TCES} PCE 2% pH7} &old42 A
aEo| WOl Al Eafl &K (kops) 7t e HFS
LER AT

Liang S9%¢ wt2w, A3dxA 20C, persulfate/
TCE molar ratio of 50/1°|4 phosphate—buffered
persulfateS o83 TCE A2 A, pH 4914 0.0120 h™
! pH 7914 0.0198 h-1, pH 9914 0.0155 h '] uhg-2-
EARE Ueido] 34 dYolA 7HE =2 BRSEEA
& e, =3 MTBES} diphenylamine(DPA)
S heat—assisted persulfate &4 o|-&3lo] 2|3t
At pH7F oS W& E7t BejX e A B
gin]—'& 10)

olgfgt A5 FEHORE Iz pHoA e W&
e B, §99 pHIF Eobd ¢
sulfate 2ttjzo] Ho02F, £3] pH 8.5 oAl A=
OH ¢} 4¥H8-3}o hydroxyl 2ttZ=2 AZtE 1 pH
10.7~10.8°] ©]2% sulfate 2tz 79| AlAA
E 19 o]Z A HZE hydroxyl Stz & Yof &
B3l Ak S04” o el AlAE o] Helmgo] W
oIt = AtAutE AElo] A 4= itk B 2 A
TAL, AP HoA w2 EalE&E YEtHSl=T, =2
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ghoyzhe] Adof| w2 Hla g gAhavHoE We oF
9 sulfate 2ttjzt Aol W& Eall&=2] S7taart
o & AoE gddHn)

%7] pHe} B & pHERSAIZF 6AI7E o] )& &
%=dl, TCES} PCE 2% 27] pH7} 12 WS A 9)3}
R AR J9(pH 2.8~3.5) 2.2 Holx= A& &9l
THTable 1 for TCE, Table 2 for PCE). Liang et al.®
= equation ()3} Zo] TCEZ} sulfate 2tz ¥Hg-s
o AbgtEl= g AWstkaitt 6709 sulfate 2hezda
TCE7} ¥h-8-& dto] 3709 farolo] WhAsh=t], o] uj
HHAshs daol29 it Folt= TCES 42 5743t
o] TCE9] 43} 34& Agsiaict 2 Ao pH7 €
o) A= AL o] I oA WA SE= 97 9] f=dho)2of 2%t
Ao R fdEY 7] pH7F 12¢Y 7-9-oll= sulfate 2t
Zro] Ao EA8}x] ¢F7] wHol| equation (6)2] o]

-
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Fig. 6. Rate constants depending on persulfate concentrations.
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Fig. 8. The effects of initial PCE concentration.
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