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A Treatability Study on the Soil Washing Device for the
Remediation of Oil-Contaminated Soil

Jun Kong, Sang-il Choi

Department of Environmental Engineering, Kwangwoon University

ABSTRACT

I

Treatability tests of a soil washing device were performed for the remediation of oil-
contaminated soil. The contaminant-containing soil with water was first fed into a co-
current screw conveyor and then into a counter-current washer. Surfactant was
introduced into the washer and feeding soil was continuously separated on the basis of #40
mesh at the same time. A washing efficiency of 97.9% was achieved by the the soil

washing device optimized.

Key words : oil-contaminated soil, remediation, soil washing device, screw conveyor,

washer, surfactant
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< AESG. EFAE PE cocurrentd] AMHFAS counter-current?] MAZE T
E%G old R RE AHo] o]FojRE AMAAAE EAF B B2 AF Lo AriHe AFx=E
FUE, AR A zHslolA ulElel] R A dojel ol 9B dAE 7IER Eddoe] £
goy, FAlo] Z} go] Alele] Rg Julele] wrtEo) 98] Echl ¥ EHo] g3gy. 43 dy
AN EFFYF 1 kg/min, J3H 1, HAET 50 rpmold Ho) AHEE 83.6%#4-)S
BRon AAZANE EY - 2 FUYA 15 cm, 3AES 5 rpm, AAE 6, AHLd FARF

0.8 L/min¥ o i A¥EELY 97.9%#4-)E HELAATE

FHO : £7 LHES, B, ERAA A, ZAHZA, AHz AR

1. M 2

EdAE 71¥(soil washing)e &3] 719
olgt THE MHZH B ohet ETH 3t
FR3lnt. EGAE 3 238e o 271A Al
g 7122 3} AR, fine fraction(63 m ©]
)2 w2 HERH S /AR o] AAWNS 4
BAo] FatAl F&E0] W] i) B LFE
Yo g HE nAEYSE EAo2ZN A
E¥] 738 29 & It} A, ¥t =
2 MHEYS 23U g2 F3H 93
coarse fraction(2 c¢m ©]% )3 sandy
fraction(63 m - 2 cm)oll A§=] ez 7]
AX muto g 4A 344 £ Y. g B
¥ QAL BN 5ES 458 7 4
t W$ 83 AHolr}, dE 9, M EY
F Aoy R i8] 2 EUS AFF
Aol ¢ A&AQY ¥hA sty clayd] Figol
oF 25%(wt) o3 7Sl vlEEAQL BHo
A,

LEEAY &9 4P viAe & UE A
= 71AA oy ot oG Edd] Ui AHA
o) g8olth. weh £F LHERE HUdln
A & o, HH AAHAE A - AL A
A BEAY AR e F5Folt
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B ApdxE cocurrent?] AR (screw
conveyor)$} counter—currents] A&z FAH
AAule] 7 A8AdS AES] Hsid, 4 &
AAAES A7 scaleupe ¥ 7|%
A8E £E3}1A} U

2. iz 3¢y

2.1 Ad=S g #4H

2 AFdM AMRE JF LEESS Az
A3 o]88 ERE AE5HA| TEFol A
39 539 oM Ao, & 4739
EYT ARELS AA Hstd Y ES
T #A (4. Tmm) & 53k EFTE AMESIRL
o F8 EAJE Table 13} ).

T LHYEFS Az dsid LA bA
AL n-hexaned] £3A1A H7IGE 3, 334
AHAA S o] 838l 3T EFAIR F, 4T
hy RS HA 4% o4 AnH EYTHE A
£351%t. :

Alge] EMuyo 2= TPH(total petroleum
hydrocarbon)% DRO(diesel range organics)&
43171 938l EPA Method 80158 35502
A 43920, GC/FID(HP 5890 Series I,
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Table 1. The Characteristics of the Soil

Organic Particle Bulk Uniformity
H ° CEC Effective Si
P Content Density Density eetive Size Coefficient
422 7.39(%) 2.09 1.35 4.24meq/100g 0.87mm 2.90
Table 2. The Analytical Conditions of TPHby B, HA(#4A] o|shELe] 7] TPH &+ o

Gas Chromatography
GC Model HP 5890 ]
Column HP-1
Injection Mode split
Injection Temp. 250
Detector Temp. 290°C
Oven Temp.
Initial 807C, 4min
Slope 10C/min
Final 290°C, 3min
Carrier Gas N,
Flow Rate 5 mL/min
Detector FID
Injection Volume 7
Split Ratio 70
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Fig. 1. Concentrations vs. particle sizes.

30,000 mg/kg dry soil fict.

2.2 ¥4 A

&2 AHAHE A A% 712 dF=
W & 9L, stroke 4cm, frequencys= 0~4Hz
A 24 7Ved stainless steel €718 A&}
o, AlAlel F57, AHAY F=, MHA o}
E AHE &S HESN

AHAY] FiHdl o2 &S AEP] ¢sid
ol 2 A /&l &A E£F ARBAA
(POEs+POE,,/SDS), Hlo]2A % ARaAA
(POEs+POE,,), =°]&A AHE&4#](SDS), A=
ARSA(BS)E APk LIYEY lkgH 3%
AlE &9 4LE o] &3k 20Tl A% A H 8
o AEAY] R T3 AL LAEY kg,
AHEN 4L, 24 AUGAHre POEAPOE,/
SDS (1:Dew A4 s=e 1, 2, 3, 4, 5%%
_spA 7] 20CelA 3A1zE B9 AlFEAT. Al
HAA L @E 43L& 2LEEY kg,
POEs+POE,/SDS (1:1) 2% A3 £ 3LE o|&
std 20colA kinetic studyE AA1sHIc)

1

SRR

2.3.1 AaEA|

£ a7 A89 AHH= Fig. 29 2ol E
%544 (belt conveyor), cocurrentd] 23
A, counter-current?] MAHZ2Z FAE ¢
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t}. Bo] FYUHE cocurrent?d] A G A
= 23F &9 Y g EF o] € 23
9] 2t pitch Aloldl F34 ¢J=lzje] 71414 =
W] s A&HoR AFo] o]FiR}. A
HAAGAE T BT B AlF4do] Artsle
A xR {EH, F98 EY T 493 27 9]
4 EFS AA g i Wo g ojFsiA €
% F A3 A 2dstlA Az yEd 2
2 Y dololl o8 4 dBE VIFeR B
@o] EH = FAlGl, 7 o] Alold) REE 9
dejo] myko) 93 e AEgo] A€}
1.5m/day TEZ d&4 EQAHAuE
A - A, AARFAE Zo] T40mm, 3
7 40mm, pitch ¥4 16mm% U418 & 4t
Asle] Eoke] o]l wite] FEA O R o]Fo]A
F UEE FFon, FUF WF2 BT} Bol
WA 392 4 US2 =2 S UNGD 29 3
© 24 7Pt s AARIEY. AFze
olF 7S AT’ A3 Ze] 500mm, HA
140mm¢g! 9% & Weol pitch ¥4 28mm, ¥
o] 25mm¢<l W3 4o g &8 do] Alo)
o 45" 229 JH & FA s wyk A7t I
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Fig.2. Schematic diagram of soil washing

device.
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Clark et. al2 countercurrent?] 3%l
EX YRBEXE, EYY olFSE, AWEAIA &
o] frgol Fa3 AA et R’ duldE S
53l F83lta Bgd SAUAE] sl A
&2 NEAE S AAE

2.3.2.1 HMIAER]|

EY FU%¥L 0.5~3 kg/min, FYH= &9
%& 1~4 L/min, 3A&=e 25~100 rpme 2
ZAsMAA ARt APA] AA G e BA
Zte duAdge) AAE EdE 752 138N
o}, #40, #60, #100, #0048 ol-&3kd A"
EYS FeAA 488 AHEES Yol Bt

2322 HIX=

AR M T B Bo] AHzd F
A o, Z EHAA e wet AHEE L B
28 A=t B 43S wet ued B 43
dre duidde FAE EdE 3, AYAe
Ho & . . &ol2 EFFADZTAHAQ
POEs+POE,/SDS (1:1)2 A% - A& s,
AHA A = AAFHZANN Yo B
72 o 2% F=7t AAE F U=ES s
EZe 74 AR Aga 27t 7Fed AEE
F FJIRZ FE 10~25cm ZoiZ A& 71F
o2 Adsiga Az AAEEE 5~20
rpm, AARA $UYHFE 0.4~1.7 L/min, A3
zo] AL 4~8.5°8 #HIA 7R AHAEL
AN AY F EG 42 AHasE A
LR =
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3.1 A A

AE A5 9L WA= A FollM AL A4
Hgdol qg Ay LEEAY LT E e
Z83lth, gty oz vlel2A 9 FoleAe] &
ARSAA L vlol oA ARBAAS DECR A
48 iyt AH Fgo] 2 Ao duiA U
U2 AgdXe vle| A AALAA POEs
POEy, $°l&A AReAY SDSE = &=
EFs AAARE AAlstgnt. w3 vln 24
4 AE ABBAYA BSE Bt

AHA A% 49 d3) vlojeA £ ARDA
A(POEGPOE, )8 &ol2A AdgAl(SDS)7H
1:12 239 7459 ABEgol et AL 1l
al Atizes FUH(Rig. 3). ol Hlo| &A%}
Lol A AP A 8 G EE ARG

A w1 (micelle)d] A71%k A=t 45 BH
g BAE 7R Q7] R D5 AR A
Blgf A3 A& AsAl7le AR wudd’.
100 4
x 0 M
2
© 60 -
I ‘
5 40-
E : -@- FOE,+POE,/SDS (1:1)
& 20 - o
D e e R S #
1 2 3 4 5

Conc. of surfactant sol'n added [ % ]

Fig.3. Removal rate vs. particle size (30,000mg
TPH/kg dry soil, conc. of surfactant
solution = 3%, dilution ratie = 4,
shaking time = 3hr, temperature

=20T).
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E ! ~@- POEQPOE/SDS (1:1)
o 40 T - posgepory, (1
E } - SD§
[ I ~ws
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Fig.4. Removal rate vs. conc. of surfactant
solution(30,000mg TPH/kg dry soil,
particle size = #4-, dilution ratio = 4,

shaking time = 3hr, temperature
=207T).
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Fig.5. Removal rate vs. shaking time
(30,000mg TPH/kg dry soil, particle size
= #4-, conc. of surfactant solution
= 2%, dilution ratio = 3, temperature

=207T).

£ A% LY (POEPOE/SDS, 1:1)9] 5%
€ 1,2 3 4 5%% 972 A3% 4%, Uzt
AHEENE FHE 24ol8 RolA WsitHFig.
4). ¥ 4¥ zdslAE Y f8o) 288 ¢
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AHAY =7t UF 2 3% AlFAC gt &
8 H|§ Fdle € AHRES FAYA B2 F
AE oPININBRE HE TEE 2% (N¥EE
76.9%)2 FA 3k o] AAsitia w3yt
AFAIZE 49 dae o 108 A
63%°] A E&L BPon 3Azte] A olF
de < 14% A=R 718 B ¥9oe 28 371
e Vel FUtHFig. 5). LEEYS 27 ¥
T st ExA ol wet M MAHARR od &
o7t UL & AT, MHAX HA L LA
#7 B4 gt ZAFoln AEAY AHALS
ARske AL vl $8.% dojetn woEY

3.2 A& AXAY

3.2.1 HAMIEFEA|

Eo] FYHE AAHAAY AS, 2379 3
A7} B9 BALRT | s Eoo] o|do] 9%
3] o]fojFom, A=Fel 2t pitch Atolel] X
H dge 71414 wnkd] og) 7ol E BEY
& AREAR) oS GYsiH oy nAESFE A
37t AstEe @4e) BFHAT. E3) #2004
Br} A2 v EGRE 238 2U]A Bo dx ¥
2 23t dEEde ol gAE eodd o
AEFE Al 7103k Aoz Fadt) . Fig. 6
A & & Rl EFMHIY HEA ES &
ZAEEN AJEES F5he Wt T8 YAY
+ ¢ F AT 23 DAFHAR S MHE g
Fe vAe F8I FHAAE F IJH&Ee
50rpm, AGBE 1, EY F9F lkg/ming
o 1 FL AHALM-, 83.6%)5 VEMIK
o}

3.2.2 8=
g4 4344 EdzR sl AAAE A4
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o Az, AAAE AL g AN S
g vAED i AYEEe] A YTES
& & AU Fig. 7).

AARAZA A olFd ELGF Eo] MEzyz
FU== YAjd] mepr] B AHH 28] &
o & Aol7} AR & & Uk AAH FY
AX e Hele A¥Ed FYFEFH 10~25cm
oln] #0H] AVE 71FELE Ege] ¥HUL,
AHEEL 15cm AXAAM 7PF FEd AHEE
(#4-, 97.9%)& JERIJN(Fig. 7). ES £9
FUAR 7} AH g YT 2RE YT 7k A
AY Sl AFaa) 404 2ot E ESe]
HEAIZ o] Frokx MHE&o] AslH 1, A LA
FUFERE UF 9 Ao FUE B Polle ¥
2] Ego] Ao ERk o} G slEFo] Al
o2 F& MANED i3t HEA|7ke] FolA Al
HAEol AslEHAct Wb @AM E scale
up AIHze el A FYHRAE T3l A4
oM HE4S AN F UL AR 7Y
.

JH&zo A AHRY BERY AFALE
Fote FAAAEZA AHzY JAERE
20rpm oldo 2 S M Fel A
7} 8A3) A=A n SrpmeE AAEHEE o
A 2 E el 71 Helwek(Fig. 7).

AHgde F¢ F#S 0.4L/min °|¥LE
Agjopt Edat M3 8-A9] counter-current ©]
o] 983] o]Foix 3, 0.4L/min vjTte R F
83 ZBFole AA Aol o] o3 ol & g
of 3MF Wo g sy Bl AAHZ Ul 2
g P goie] sldel ofsiM Bkt g
ARA Y52 A E=HAL. L 7Fs H9U
dre MAEA 9 F%2 0.4L/min o=
RS EE A &gl atir] & Yol g
WA skt Al gdle] UG ke MR
259 A@e F7M71a FHe] Ay L3S
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Fig. 6. The washing efficiency of screw conveyor (30,000mg TPH/kg dry soil, water, soil applied
= lkg/min, temperature =room temperature, inclined degree = 7.5°, rotating speed =

50rpm, dilution ratio = 1).
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Fig.7. The washing efficiency of washer (30,000mg TPH/kg dry soil, POES+POE14/SDS (1:1)
2%, soil applied =1kg/min, surfactant solution applied = 0.8 L/min, temperature = room
temperature, inclined degree = 6°, rotating speed = 5 rpm, applying distance from the

upper end of the washer = 15cm).
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Co-currentd] AMHAXE A& ek
EY FYFo] Fag AAARLH, counter-
current?] Adze EG B9 FAYR], A3
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AR FeEES sk 58T SAAANA L
EXY] ARREI AHELEE d33l= AEEH
W F83 At ddEE, egEHe] g3
o 42 vXe xRk 71AE kb 3719
A2 gelol i3t tiid e g EF9] ot

ARAZE Hlo]& - S0l EF ARTAAY
POE+POE,/SDS(1:1)7} AAHA D A3 A<
HA AL T 2% o, AP A ¢
AE&EE 50rpm, AR E 1, EY FUFL 1
kg/mine 2 §AE o 7} £ AHERM-,
83.6%)& YT, Adze B4 89 3¢
A3l 15cm, 3AEE 5rpm, AHEY FARF
0.8 L/min, ZAAMZG 6 <M FHd AHEEY
97.9%(#4-)8 HY).
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