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ABSTRACT

Trichloroethylene (TCE) is a representative dense non-aqueous phase liquid (DNAPL) and has contaminated substance
environments including soil and groundwater due to leakage and careless. DNPAL, has been treated by surfactant-
enhanced aquifer remediation (SEAR). After application of SEAR, groundwater contains still surfactant as well as little
amount of residual TCE. Permeable reactive barrier using zero-valent iron (ZVI) is a very effective technology to treat the
residual TCE in groundwater. In this study, the effect of the residual surfactant on the reductive dechlorination of residual
TCE was investigated using ZVI. Mixed surfactant composed of nonioinic surfactant and cationic surfactant was used as a
residual surfactant because of toxicity and enhancement of dechlorination rate. Structure of surfactant affected significantly
the decrhlorination rate of TCE. Mixed surfactant system with relatively short polyethylene oxide (PEO) chain in nonionic
surfactant, cationic surfactant did not affect TCE dechlorination rate. However, mixed surfactant system with relatively
long PEO chain in nonionic surfactant shows that TCE dechlorination rate was significantly dependent on fraction of
cationic surfactant- and HLB of nonionic surfactant. Cationic surfactant with trimethyl ammonium group enhanced
reductive dechlorination rate compared to that surfactant with pyridinium group.
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Fig. 1. Schematic diagram of overall treatment method with
Surfactant enhanced aquifer remediation and Permeable reactive
barrier.
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Table 1. Physico-chemical properties of used surfactant in this study

Trade name Chemical name Type CMC® (mM) HLB® Company
DPC 1-Dodecylpyridinium chloride Cationic 1.630 - Sigma-Aldrich
DTAC Dodecyl trimetylammonium chloride Cationic 20.000 - Fluka
CPC Cetylpyridinium chloride Cationic 0.900 - Sigma-Aldrich
CTAB Cetyl trimetylammonium bromide Cationic 0.920 - Sigma-Aldrich
Brij30 POE‘(4) laurylether Nonionic 0.035 9.7 Sigma-Aldrich
Brij35 POE"(23) laurylether Nonionic 0.090 16.9 Sigma-Aldrich
Brij36 POE‘(10) laurylether Nonionic 0.200 14.1 Sigma-Aldrich

# Critical micelle concentration
® Hydrophilic-Lipophilic Balance
¢ Polyoxyethylene (-CH,CH,0-)
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2.2, Mg .
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Table 2. Summary of rate constants in the dechlorination of TCE by ZVI in presence of surfactants

Conditions 'y ksa? (x 1000) Conditions k* ksa” (x 1000)
Control 0.0206 0.0052 Control 0.0206 0.0052
DPC 1:9 0.0175 0.0044 DTAC 1:9 0.0172 0.0043
i 2: . X : : X .
Brii30 8 0.0170 0.0043 Brij30 2:8 0.0174 0.0044
5:5 0.0180 0.0045 5:5 0.0177 0.0045
DPC - 1:9 0.0109 0.0027 DTAC 1:9 0.0163 0.0041
ho s 2: . X ) : X .
Brij3s 8 0.0102 0.0026 Brij3s 2:8 0.0157 0.0040
5:5 0.0115 0.0029 5:5 0.0138 0.0035
DPC - 1:9 0.0111 0.0028 DTAC 1:9 0.0133 0.0034
ey 2: X . : : . ‘ .
Brii36 8 0.0116 0.0029 Brij36 2:8 0.0138 0.0035
5:5 0.0138 0.0035, 5:5 0.0152 0.0038
cpC - 1:9 0.0167 0.0042 CTAB 1:9 0.0177 0.0045
o 2: X X ' : . .
Brii30 8 0.0169 0.0043 Brij30 2:8 0.0171 0.0043
5:5 0.0174 0.0044 5:5 0.0177 0.0045
cpe- 1:9 0.0110 0.0028 1:9 0.0161 0.0041
ok 2:8 0.0117 0.0030 CT/}B' 2:8 0.0168 0.0042
Brij35 Brij35
5:5 0.0116 0.0029 5:5 0.0167 0.0042
che- 1:9 0.0111 0.0028 'CTAB 1:9 0.0132 0.0033
v 2: . . ’ : . .
Brii36 8 0.0118 0.0030 Brij36 2:8 0.0130 0.0033
5:5 0.0130 0.0033 5:5 0.0173 0.0044

2 Rate constant (Unit: h™)
® Surface area normalized rate constants (Unit: h™'m™L)
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Fig. 2. TCE degradation kinetics with ZVI in presence of Brij 30 and (A) DPC, (B) CPC, (C) DTAC, and (D) CTAB.
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Fig. 3. TCE degradation kinetics with ZVI in presence of Brij 35 and (A) DPC, (B) CPC, (C) DTAC, and (D) CTAB.
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Fig. 4. TCE degfadation kinetics with ZVI in presence of Brij 36 and (A) DPC, (B) CPC, (C) DTAC, and (D) CTAB.

Fold AHMEEA ] £ nle] Frll wlel AAEE =
7¥ehe @4 Brij30e] Ad} vlsside). o83 A
58 A7) nlo] AUEAAY] oM 7191% Ao
B ARE Aoz 147] Aol B Brij30os
AzxE EQABDEAL] A= Pl AnddAle) o
e FA ¥R EAT, B 71 POE ARES zk gl
= Brij35 ¥ Brij36%] 7% &3 oA AHEAA)
o] 7 ¥ E vl we} At 2ol Bk

°olE Wt} AE3] motsly) $I5k] nlolA] AwEA]
A HLBY wWE TCEAA &£TAE A HSICKFig.
5). o] ZHEHE TCEY AALEE7}E EFABEAA
ALSE Hlo]2A AREdAle] HLBY o8] J3Fe e
= RS ¢ 5 vk v HLBY AMEAE AulH
0] Z7] WFel AragagAlet grrEzte] 3o
S7PF dojub, F3E AUESEAE TCEY zvig
= S7MIA zvigh ¥hE7)3E R} o] tHEY] o]
o}t el AAEAEA} pyridinum?}E 25 DPC ¢}
CPCY 79 HLB7} 27188 AlALo] 238 2%
asle AS 2 4 JokFig. 5A,0). 28 trimeth-

ylammonium?7 & 2t Yol Alag4d#)| 9
HLBE 7}Al= Brij 35914 HLB7} ¥ & Brij3exth
TCE A7t o A YelsthFig. 5B, D). ol& ¢
ol AWBAAS Brij352] o|FZ FA(Fig. 6)°)
Brij36Et} oA o2 P witoz AETt

[o] e
75“!“ lr'ft‘

4. &4 g

SEARE o] &3lo] Al Aalge] ZEshe Al #
71BHE-S AElslr] 93 PRBEHIA vlnd EAJo]
Pom Gdis) AALTY WME B3 AdIAE
AR el Tt ol AAEAgA|} Hlo)eA]
HEAIE I ARSI G7Fde] AASGE s
Halatt. AiHos E3 AAHAIE ARESE A8
2 ABBAAE 7SR B2 vl 9] TCEA
TR} Ygith, o7& AMAS] Zolrt 1 Hlol2 AW
AT ZvIgh TCE Alele] ZAxpRgS wslsilr]
O AZEH. Hlo]l2 AU FME Brij30S
AR EAIHEAGAY] Y-, dolAd AEEAdAlel <o

o e BN

Journal of KoSSGE Vol. 12, No. 6, pp. 38~45, 2007



44

0.005

0.004

0.003

0.002

)
kg, * 1000 (h"m” L)

0.007 H o opc:ns 10

—w— DPCINS 28
@ DPC: NS 6:5

0.000 4 4 *
8 12 14 16
HLB

A. DPC:NS

10

0.005

0.004 |

0.003

0.002

1.2
kg, * 1000 (h'm™L)

0.001 {{ _a cre:ns 18

g CPCT NS 238
~@— CPCINS 5:5

0.000 A
8 14
HLB

C. CPC:NS

10 12

LA - 7))

0.005
0.004 W
3
':E 0.003
£
§‘ 0.002
N
_!ﬁ
0.001 { o bracins 19
—4g— DTAC: NS 2:8
~@- DTAC: NS 5:5
0.000 ¥ + + +
8 10 12 14 16 18
HLB
B. DTACNS
0.005
— &
0.004
F .
g I
w.s_ 0.003
§ 0.002 +
«
&
0.001 i _a. craB:ns 19
g CTAB: NS 2:8
—@- CTAB:NS §:5
0.000 L . . .
8 10 12 14 16 18
HLB
D. CTAB:NS
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