=273 2488 A|9d (H|2%) 119~128, 2006
J. of the Korean Society for Environmental Analysis

EYo| HetE 28t zeAIRAIFEL JRi=SEH e
ol - RN
Azl &), *hetish $-85tetst

Development of Supercritical Fluid Extraction Coupled with
Counter Flow Oxidative Reaction for Soil Remediation

Won Kyoung Lee’ and Keon Sang Ryoo*

Insung Chroma-tech CO, LTD, Injeong2-dong, Yangcheon-gu, Seoul, Korea
*Department of Applied Chemistry, Andong National University, 760-749, Korea

Remediation of contaminated soils is a challenging task especially when contaminants are organic pollutants,
which are toxic and persistent in the environment. Currently, thermal incineration is the most widely utilized
technology for this purpose. This technology, while highly efficient, is, however, quite energy intensive and
gives rise to a variety of toxic chemicals as by-products. Therefore, alternative approaches for soil remediation
problem is the use of supercritical fluids to extract contaminants from the soil. Attractive properties of super-
critical fluids for soil remediation are based on higher solute diffusivities and lower viscosities than liquid sol-
vents. Although supercritical fluid approach is regarded as one of the most promising new technologies in the
remediation of contaminated soils, it is often unsatisfactory due to the fact that a substantial energy input is
required for the recompression of the fluid recycle to the operating condition; furthermore, a separate detoxi-
fication step is necessary for ultimate disposal of the contaminants. A costly recompression stage can be
reduced by the use of adsorbent materials. The use of the granular activated carbon (GAC) for this purpose
has been investigated in our laboratory to strip the extracted contaminants from the CO, stream. The GAC is
highly advantageous alternative to other adsorbents because of a feasibility of regeneration as well as its ability
to adsorb strongly a variety of organic compounds. In addition, the original adsorptivity of the GAC can be
restored by an oxidative carbon regeneration process, called counterflow oxidative reaction (COR). The pur-
pose of the work reported here is to explore and evaluate the applicability of SFE (based on CO,) coupled COR
process for (1) effective extraction of contaminants in soil matrix, (2) recycle of CO, and GAC, and (3) com-
plete destruction and removal of the deposited contaminants on the GAC.

Key words: Supercritical fluid extraction, counterflow oxidation, soil remediation, organic pollutants

1. M 2
I Bo] oz EAsle A A st
3k o] TREHA BRG] e 0 Yo] o]
Atk AS gA Gk a2 EQe edEES
AAE] S8t Be ATE 3k AUt oFT &
[e= =]

AEd T Zgdshule]# d(PCBs; polychlorinated
719 4A 775 2F(organochlorine
pesticide)2 A &4
pollutants, POPs)=

biphenyls) %
71299 &4 (persistent  organic
EREY dewn os

"To whom correspondence should be addressed.
lee67@hanmail.net

HH O
T

A 0 2 = AJo] Zsh AAgelA Eeli&ert vl
wfjitol] AejAlel 717 ARt B8k A
of gk sty AX BEESF HE T3 A
el FHEo] A= UBHAIE wdtshs 542 A
YUl 9lo] WEHAl AolEZ (endocrine disrupting
chemicals, EDCs)2% ¢&A 2t} o] ¢jox= PHAs,
Dioxins Chlorinated Furans, Phenol, Hexachloro-
benzene 59 FHF F71ES & 4 JoH X 7t
e AR E B, B E8A, BA 1, 24§32

Al ol Beol FxHo] v

i o 1o



120 ol - U

573 249 vigol o8 odE EYeld faid
e A7 ES Melsh] ¢l A ARE-st
AT BEYEY V& o Rs EYST] =
(soil vapor extraction)o] Yt} FE715 o]&3}o]
Sl FHFsle Fgol 4712 (VOO &3t
71Eold, 5719 AdkE fagow vk 58
I =& U7} avlEn EY HAAHWY (soil
washing treatment)S A3t @ HE= o] oje} WY
o2 AYsh] Zed AESHE dREEL] o0
Hol & A ol fHY, EYF Y T AF {5
AFZA, 4, 471 Fy7F A= 22k H27F o
= Ao = Hl-go] ArisiA Stk @lol 3
o} &3t W (bioremediationyS VA& <3
A7 7hset f71dS Agske 71eR s
s e EY axHom ALY e U
u, ARSI =2]al Aol FR 0] o3
At Je =) A7 QHEY] fU1EE I
o] 2xox AXAA Falshs Ao, AeHlgol
@ol] 3 dioxingt 722 HA/71-C] ABAE 2+
Atk 2w o AR VEEsE 2YARA =
(supercritical fluid extraction)°] Ut} IwkHoz =
o] A o] =9 o 3ol UL W 2UA
Al dAded, 2AAFAVEON s 2 229 E
g, 35k A & e, dx, 83lx Fol RnEdHEH
o} vj$- t=A Wslsit) o] & A9} FARE =&
U5, & 52 &8s 7Hlon, 71A19 Ak =2
kg, vk M g v A S i vAg

slo] e galHom ¢

o

o W o2 orr e

I

™

4
EN
2
ki
£
i
‘
iat
X
2
_
ol

= =
frAle] §mi= ARSshd QHE EYS B3 + U=
72 AL 4 Ut A Sl
A frefatedof star, AXE AR|slk=t] 7] o
Al Hlgo] g@o] 51, &4 9
A3 AT 7 glo] B} 3 7es da= vk
2 Ao e 294 54 ol&ste] Askd E
& o ZE|Fshutoldld (PCBs; Polychlorinated
biphenyls) @ 71944 7% (organochlorine
pesticide)& g2 Fo 29A olilslgs F& AXE
SIQFSIASL B3 o] & ¢hE] A|AsH] fste] R4k
SRS A gk ket 2AAIRAl FE2 1Y

A BAHFE 4FF U PR vdoh A

H 32O AR AREL TR F AT Y
2 $3NA FEtE Pl BHFES ZUAH

3| %
A7t FE87100 g flo] Ao OB
MEF Qe FEshe Witk o] 274 B4 7t

dewisish FYA) ThE FF 82 BT
F29 QUG TRAOR AN o] 7 F

removal efficiency, DRE) 28] &AJeke] &4, 3}8}
7 Wzl 55 AR

2. A #

2.1. A|E=2} Aok

A E (native soily= A5 HFER|Y9] 3 F71olA] Al
skl 100°Ce] EoA 2447+ FQF ARl &
A (sieve)Z A7 20~40 mesh Alo]e] AWE JAES
Adlsle] B ATe] AlEZ ARSI AES &
& g}uto]H d(PCBs; Polychlorinated biphenyls)
71944 #F5<F (organochlorine pesticide)©]
S 4 A= Z acetoned} methyl chlorideE A1E-3}
o] clean-updlith. AES] H7kE PCB congener=
IUPAC W37} 77 (3,3,4,4-PCB), 96 (2,2'3,6,6-PCB),
126 (3,3'4,4'5-PCB), 114 (2,2'3,4,6,6'-PCB). 176
(2,2'3,3'4,6,6-PCB)9} 571944 275k (organo-
chlorine pesticides> Lindane, 4,4-DDT, Heptachlor,
Aldrin, Endrin, Dieldrin® Accustandard Inc., USA
2Z5EH Ak 7= ¢ £78 2418 &9 (-
Hexane, Aceton, MTBE, Acetonitile, Dichlorome-
thaney= RF7 ZHFE R8-S ARSIt 27
Al FEE ANEE Tap 3171 918t ARSE &9k
(Darco 20~40 mesh)2 AldrichA 258 Fujjsle] F
FEE AHE 5 110°C QM 24475t A
71 & Azx719 At Aaksikge] AMgE 0,9}
ZUAFZEME AMEEE COE 99.999%%) 2T
2EGF) B FRTREERE FYste] ARSIt

30 w1

2.2. 7|72t EX|
B4 9 54 24 CO, F=ZA(SFE), 45=



Ege] ke 913 24AA

(static extraction)?} &#3Z (dynamic extraction)™
2oz A AR & e FEARE AAlsk] A
o R A HFg. 1~2). F587] (extrac-
tion vessel)= ARE 2% 2 4=FHo] 500°C 400 atm7}h
A A" F U=EE A/l 29 (SS316, Monel,
Hastelloy)ye ARE-3F9TE CO,S QA== AR A2}
3t Heater®} controllerS AME-sle] 24 skt 4=
£ 72 F55+< Gas booster (DEL 75-1, Maxpro
Technologies, Inc, Germany)Z ©]&3}o] =43} c}.
F=H AEE IETE 578 AMSE 55 5 &
Mg 98 TteaEnEag A2 g 1% (GC/
ECD)E A&ttt

=3t dFkslEge] A 121

o T (Fig. 3) WHe719] AJEL 22 mme)
WA4Z 25 cme] ZolE /e 9%d AgHoE Al
Zsled §S3162 ¥HE O-ring 545 A9 & 9} o}
ol F2AZTH A5 FE]HAE o8ste] Aka dY
e olE2 wiEEE 7keE IFT F Id= cold-
trapE AXSALh 223 B0 o= Akho] S 2A
317] 913t metering valve®} flow meterS ARE-3h

o 2dsklt.

2.3. MEahH
Z9A COLll 93 EYZ PCBs 2 #7194A 2
F5e Fig 49 728 A= st ¢4 &8

Fig. 1. Schematic representation of the head-space supercritical fluid extraction apparatus. @ Compressor, @ CO, Gas,
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Fig. 4. Flow schematic of experimental protocol.
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Fig. 5. GC chromatogram of each PCB and organochlorine pesticide spiked in soil.
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Fig. 6. GC chromatogram of PCBs & OCPs extracted from soil by SFE at 40°C, 2000 psi (static extraction method).
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Fig. 7. GC chromatogram of PCBs & OCPs extracted from soil by SFE at 40°C, 2000 psi ( dynamic extraction method).
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Table 1. Percent recovery of PCBs & organochlorine pesticides from soil using supercritical CO,, extraction with static
method at different density (0.25, 0.50, and 0.75 g/m®).

Selected chlorinated

. static + dynamic Equi, time;
organic compounds

% recovery (40°C, 1200 psi) % recovery (40°C, 1500 psi) % recovery (40°C, 2000 psi)
static + dynamic Equi. time;

static + dynamic Equi. time;

10 min X + SD 10 min X + SD 10 min X + SD
Lindane 59.8 + 6.6 711 + 63 692 = 7.8
Heptachlor 692 + 2.8 766 + 75 797 + 6.7
Aldrin 68.7 = 5.1 732 £ 65 762 + 6.8
PCB (# 96) 69.2 + 6.6 73.7 £ 55 775 £ 89
Dieldrin 60.6 = 6.7 69.3 + 52 720 + 62
PCB (# 77) 50.0 + 7.2 63.8 + 4.8 66.5 + 55
Endrin 56.0 + 7.7 66.6 + 6.8 727 + 62
PCB (# 176) 59.1 + 5.6 69.7 + 85 742 + 59
4,4-DDT 576 + 7.3 66.9 + 2.6 728 + 52
PCB (# 126) 583 + 7.7 67.9 + 3.8 744 + 56
PCB (# 114) 519 + 6.3 66.3 = 3.5 709 + 55
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Table 2. Percent recovery of PCBs & organochlorine pesticides from soil using supercritical CO, extraction with static/
dynamic method at different density (0.25, 0.50, and 0.75 g/m>).

Selected chlorinated
organic compounds

% recovery (40°C, 1200 psi) % recovery (40°C, 1500 psi) % recovery (40°C, 2000 psi)

static + dynamic Equi, time;

static + dynamic Equi. time;

static + dynamic Equi. time;

10 min X = SD 10 min X £ SD 10 min X £ SD

Lindane 86.2 + 5.6 905 + 7.1 915 + 53

Heptachlor 962 + 1.3 931 + 85 978 + 2.7

Aldrin 96.6 + 2.2 925 + 44 973 + 33

PCB (# 96) 93.8 + 40 963 + 45 981 + 23

Dieldrin 984 + 10 94.7 + 438 951 + 30

PCB (# 77) 92.7 + 49 922 + 1.1 929 + 48

Endrin 92.7 + 42 919 + 42 972 + 30

PCB (# 176) 984 + 1.1 958 + 5.1 992 + 10

4,4-DDT 972 + 1.6 922 + 3.2 983 + 25

PCB (# 126) 986 *+ 1.1 936 + 5.3 99.1 + 1.1

PCB (# 114) 945 + 34 926 + 4.1 99.0 + 1.0
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Fig. 10. GC chromatogram of PCBs & OCPs in impinger traps after COR process.
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