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Applicability of Washing Techniques Coupled with High-Pressure
Air Jet for Petroleum-contaminated Soils

Sang 11 Choi - Kang Hong Kim*

Department of Environmental Engineering, Kwangwoon Universiy

ABSTRACT

Soil washing techniques coupled with high pressure air jet were applied for diesel-contaminated soils sampled by an
underground oil reservoir of which the initial total petroleum hydrocarbon (TPH) (2,828 + 206 mg/kg) exceeded 5 times
of current standard level (500 mg/kg) regulated by the Soil-Environment Conservation Law. Through several tests, we
found that the position of impeller has a critical impact for washing efficiencies. The highest washing efficiency was
obtained at an oblique angle (30 degree) for the impeller and optimized mixing speed (300 rpm) that could have high
shearing forces. Considered economical and feasible aspects, the optimum mixing time was 10 min. Rate constants of
TPH removal derived from the first-order equation were not linearly increased as mixing speed increased, indicating that
mechanical mixing has some limits to enhance the washing efficiencies. Application of high-pressure air jet in washing
process increased the washing efficiency. This increase might be caused by the fact that the surface of micro-air bubbles
strongly attached hydrophobic matters of soil particles. As the pressure of air jet increased, the separation efficiencies of
TPH-contaminated soil particles increased. In the combined process of high-pressure air jet and mixing by impeller, the
optimum mixing speed and air flow-rate were determined to be 60 rpm and 2 kg/cm? respectively. Consequently, the
washing technique coupled with high-pressure air jet could be considered as a feasible application for remediating
petroleum-contaminated soils.

Key words : Petroleum-contaminated soil, High-pressure air jet, Soil washing, Physical-desorption, Air bubble
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Table 1. Physical and chemical characteristic of soil tested

2 S AR ] 710H SHx] i HH5
o %242 Tt

2.1. A E & EY

£ A7l AL8 T B 1% KAl S Al
3097 18 F AAEOR B3 F U S5 o)
Z O(diesel) SAEE ARARE FaAs7] A R
22 - 359 542 MetslnA $4E, pH, 712
sk H1F 59 E(Table 1) Al¥EL0 718 &
s PAe YARES BN 2T E
P eFets A8t

pHE EGQATAAIIH @78, 200200 w32
sl 293 A9 pH 9,512 43S YeESIT #
3|31 (direct ashing method)> &2 =743+ f-71& =k
L 0.94%Z U EY HTHGEE 2.20%, &
1.90%)H T} e 310 2 YERSTHE=-77 53], 2004).
SOM(Soil Organic Matter) 3 7t 22 771929
2 EYYAL Alele] ol 7Pt 2 43S A=
QIz}o]™ (Gschwend and Wu, 1985; Lee et al., 1990;
Rutherford et al., 1992; Weber et al., 1992), pH’} &
S5 SOMe] 7E7} W = o] 7)o HE R
9] gzlo] go|&¥(Bhandari et al, 2000)3 TAHZ &
WIELS] pHet F71ESFS AHEE AZRIAE 2
B34 ¢S Aoz ATEAL

AAwEE B4 (Fig. 1) MFo] ofgf silt, claye}
22 #200 ©]J5H0.075 mm ©]3H)<] fine fraction H]E-©]
6.5%, sandy fraction> 62.9%% H|nZ A|Zo] foJst
Ao Z FAHE ) o (William and Anderson, 1993) 47
xS o83l delet EEAIF(C)E 1082 %
B} o &EEE, 20058k AlZ71He] A8Ad0] &
A7t P& Aoz A=At

EG a3 A et AAE 3
(Agilent 6890N, USA)E o]&3ale] H23 A} z7)

e o2 M

"

Water Content(%) pH

Organic content(%)

Particle density Bulk density

2.8 9.51 0.94

2.46 1.69
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TPH E55 2,828 +206 mgkgl 2 EISHARANY 7}
Ao - 7]%} %E 500 mg/kg)—;j saf ol 2y
o, ¥7¥ TPH 3l Fig. 29} 2t}

2.2. Impeller 20| [E MY &8 It AE

Impeller®] WHEIX], nHkEE | WHIAIZRS] Al G-8
gk GRS el HAxUe w55 et 24 =4
H SR AHARS Fsion dAFTS Table 2
9} 2t}

R0 WE A2 impellerd] YRS T4, B4,
71&0iz FAEH R ro] AFsion wrkEEd
ol M= HZ impeller X014 #4530, 60 rpm), T
2590, 150 rpm), 112300 rpm) WHF FZHOZ Lo
&S Bl - Rl BEgE aRkARe)] whe AF

Table 2. Impeller mixing condition

Impeller

Position Mixing Rate

Mixing Time

Cut-off size 2.000 ~ 0.075
(mm)
Mixing Ratio

(e-soil : ml-sol.) 1:2 (500 g-soil : 1000 mL-sol.)

Mixing Time 10 5, 10, 15, 20
(min)

Mixing Rate 30, 60, 90, 150,

(tpm) 300 200 30, 60, 300
Temp. (°C) 20+£0.5

I—ORegllIatnr (0-16 kg/em?)

Mixing motor
(30 W, 0-800 rpm)

—= Flow meter

2-Paddle type

r_' impeller

i

High-pressure

N ssed
Compressec air je m];zzle (3 ea)

air tank

Fig. 3. Schematic diagram of the soil washing system combined
with high-pressure air jet system.

M= ¢ AFES] A= HPEL& s 2 314wk
Z98 2o AFEAS vl - Uikl H3A nRkA
ﬁid% =Z37] 98k Aﬂzwzlg 5, 10, 15, 20

%Lr tol =asiaint.

BEE Ao dedt aplo 2= & AFE8-S ds
= ge ]Aﬂgowr TLT IEFS 271 918t cut-
off sizeS 2.000-0.075 mmZ dtPom, FZ2 HA3S
sl EN (gt AlHEH-EmL)] XI-HIE 1:2E
& AIFEAE 188

2.3. 0S7| EALO] IHE MH S8 TItAE

B AHS 357 st 1) BARES A=
3+ open systeme2] HFS-7|(Fig. 3)E ANt 2 L
S50 BRTIE IS FEY] IUTTIE WSl
FUs7] st AT VNE ARESIA L™ regulator
(pressure range 0-16 bar)E ©|-83l] F7|e] FHo]
7V 3Tt

J8FE7] BARl WE AHESAES JrRel] Sl
cut-off size, =5, FEH]= section 2.29] Ag ZAx
A slxlem, 371 FUARES 10802 gL &
7I1%S 2, 4, 6 kg/em®’ O 2 WSIAIA TS S35t

oft
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2.4. Impeller T8} NAZ7| 2AL0)| IHE MAY &8 H
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Al a8 TS 981 impellers} I4E7] HAF
o W2 Eu)d wkEy vAlEr|e] fReaEd B3t
g9 FAlol] 283 APoT FLS oA AFAS} H
st olw] HEHE cut-off size= 2.000 mm
ofgtolal A= TRk T w2 E8AS HAlC
U Adapgol whe-g719 B L AZgele] Rulr)
H] & oz HAHolA] HE3IHE 6 kg/em? S
AL 1, 2, 4 kefem™S FVIYF ZACE HAgsle] 5
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3.1. Impeller W8H0|| [}2 S84 HI}t

Impellere] WHFAJ] w2 AHAF AI}(Fig. 4. (a))
A3 A9 MH $ 2 TPH S%7F 1983.5 mg/
kegF A& 30%)02 AlH L] wigkon), W48 7)
0% FAFHY B9 2R TPH %7t 282} 428.7
(85%), 253.2(91%) mg/kgl & =& A|HE8-S Hgom
53] 7120zl T4 EYSERANE 71HAY §-
71E TEE USRS 23S BAE Impellerd]] 2]k Al
2 golla} EoIxte] whle)] Bofdls fEoRE wykE:
o] Azto g 2= FHAlF(tangential flow), nH==3} 3
Yoz A3l ZHF(axial flow), WHIET FALS o]
FE= 3] A F(rotational flow)”7} Z&(Bogazici Univ.,
2003)3HA] ==l impeller/} §EFS-719] FAlol X 7
- 53} T3 F3H8k= concentric-vortex flow S g
gk BAFE QAghe] WAst] 2t X E&7l (velocity
gradient, Gy} ¥l 23l o|= <Isje] A|lA-8dn} EYS]
2 e EYIARE SE0] dojuA] ol Al age] &
s 71 4 {ick. 1Y impeller7}t ¥R8-719] Aol
AAFAG 71&A% T3] 79 concentric-vortex
flow @Fo] 7HAE]a1 4 - 3) difFel sk Ui (turbulent
flow) o] WAt MHEA EYUA} e EYY
AE FENETF oA ER w2 AHEES IS U
I(HANMIX, 2004), &2 dolre A3zis)e] 8ol &
< 23] H4 impeller?] 911 FHO = A7FsI3T

wHkET] w2 84 (Fig. 4. (b)yS Ad awbERzg]
30, 60 rpm FZ1o|A ZH{ TPH F=7} 242 1246.9
(56%), 724.3(74%) mg/kegolA oM <& nmEEAS] 90,
150 rpm ZZM= 567.6(80%), 473.4(83%) mglkg, I
& ARk 300 rpm FANAE 227.1(92%) mgkg
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Fig. 4. The efficiency evaluation of impeller mixing.
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Fig. 5. 1st ordered reaction rate for various rotation speeds.

(c), 30 rpm ZZAGA] 5-101 Ale]ol] 2203.5(22%) mg/
kgoll A 1380.7(51%) mg/kg® & TPH F=7} 28] 71710]
asldom 10 olFoll= 1341.7(53%), 1012.9(64%)
mgkgl & A& 2 Ao} gles & ASTh B

3 60 pm ZZANME 5-10% Alelol] Hlwd & TPH
TR TAES YeRoH 108 o]%ol Hajo 717}
£ AALE B 300 rpm A= 5208 Ale]e]
TE7) 22 535.8, 387.1, 2659, 1969 mgkglZE 1l
HEA 7Tl we} A& o2 THAEE 73S Byt wEt
1 84T BAE A 18T o HF awh Rk
10222 FAE ).

S A7l W2 TPH % H3LE olge] 1A} Wk
£52(Octave, 199800 2|83t H/d5 243t
ARE S5 Q959 TR dHl, B A4
A, AFgde] FRel T, w2, VAA 2R Bo
2lo)E YobE = e dAelr B ARolAe 71AH
S ARfRE BE o] sdsiRE 7 21 S
T k& B3] 71AA ZHgexe] Aol dohraizt st
At

S

Co
ln(—) = kAt
C

o714, Co= 2712959 % (mgkg)
C=t At ¥ 29=9] F= (mgke)
t=A1Z (s)
k= &5

12} W& 2o H83F AvkFig. 5) 30, 60, 300
pme] S k= ZFE 0.0008, 0.001, 0.0011 s7'&
WHEET F7R| wel SR SR wet
A WSSV SIS VA1 ZgeE I S8
g2tgo] AR 1 F2 TAFES o Uler, A
ZWREEZA(30, 60 pmPlIXE F7HQ1 B2 2ol
CElRIchd I&azoM el 2 AASES S F
NS Aoz AT

3.2. 37| 2ol T M 28 "ot

BAREE F7190] 2, 4, 6 kgem?o 2 FOoRESE
7 TPH % (Fig. 6)= 27 7879, 743.1, 609.5 mg/
kgs UERlo] F71HEAN] ok &3 &84 9 37|
7kl e 84 7 895 ERIT 4 ST oY
St Avl= BESREH fRE20] 4549 (hydrophobicys 7+
A o] F7EE EH Al F-Zh(attracting)=l=
£z Yeps @4 (Urum et al, 200557 F7]9ke]
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it

hud ==t
T

il

Journal of KoSSGE Vol. 11, No. 6, pp. 61~68, 2006



o
=N

B
o
1A

1000 55
TPH Conc.
—+— Re. Cont./ Air - 50

800 -
145

500 |- 140

135
400 - 1130
125

200
120

TPH Concentration [mg/kg]

Removed Contaminant / Air [mg/l]

2 4 6
Air Pressure [kg/cm?]

Fig. 6. The efficiency of high pressure air jet on the TPH removal
from contaminated soil.

1200

1000

800

TPH Concentration [mg/kg]

1 2 4

Air Pressure [kgf'cmzl
(a) 2.000 ~ 0.075 mm

20000

15000

10000 |

TPH Concentration [mg/kg]
2

1 2 4

Air Pressure [kgicmz]

(b) 0.075 mm ~

Fig. 7. The efficiency of combined process of impeller mixing
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344 Bk AATE(0, 72, T%)S YeRhRlo} o

] X
2 AP A E71RAL =Eo] AX|E0] Sl withHA

Journal of KoSSGE Vol. 11, No. 6, pp. 61~68, 2006

(b) Impeller mixing + high pressure air jet

Fig. 8. Washing effluent.

o] AFZ}A|d] (dead-zone)e] YO 2 It &84 A o)
o™ homogeneous mixing effects ¢|3+ impeller 1L
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3.3. Impeller W} T1Z7| 2AL0| ME &84 LIt

2.000-0.075 mm Y7FHLAL] Edol gk T84 (Fig.
7. (@) 30, 60 rpm 7oA F7IFE FTTMAIFHS W
Z}z} 1105.6, 8613, 8485 mgkg@ 406.1, 355.9,
3283 mgkgl® ZHF TPH H%7} ZAdhs 3¢S B

O} 30 rpm, 1-2 kg/em® APo]e] FEHSLE AlQslal
HlwA 2 W3S Holx| skt 28y 300 rpm 27
qMe F7IeS SVHRIETE FE7F 5411, 6155,
659.3 mgkgl & Z7lEo] Q3|8 AHALo] hH=
A3 BT Fig. 8 108 < WK ap} vk +
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ol HA BRIF 4= Qirh.

Impellerl] 2J8F WRE 319487] #AFEAgo] HslAH
F7VEAL Bl IS AT d2do] WA=
I} EYRE HEES = MHEES FIAE 5 9
ok 284 30 pm FAGAME A Rl Ao x

0] Bl 2 AHEES 7k of7] wiell 3715
S TR TN wfE g7 oleolle & AlHE
2 4] FET ¥ 60 rpm ZANME SR A
ol Yehd AXE 300 rpm 23} & 2jo)S Kol
oo} F7IEAF el wREEH} OsiA] w2 AlFHEE
< & F AT 53] 5ol BARE F717} impeller
3ol ofgt AdE oz B} vMgh 7|EZ =HA TS
3.

SF ARFOE 300 rpm M= T2 F 273 Jolgt
235 Jepi=T 7 9 2004 22 At
SEEQ] vl A3 AR AARA] gdom At
g S S TR At ool & Ao
=2 A

ok 22 AR 2 Al AR A LAED
sl F7] BAM] ERH300 rpm)ECRE AR
ZA60 rpm)e] Felsh F714e 2 kglem*(SF 39 mlL-
air/g-soil) 10| HH o= A

ri

4. &
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2Rl £FH0] 7Fsd ANY THoE A 29
4o o odd EX] FHE A & e 1L
G890 EYHMZ7]&(West and Harwell, 1992)S n}ErS.
2 ISRVIRARE B8 LAEY B s S9F 1
kS f=ste] 55 e - AlASL S9s ARESi]
A Aol ofgt 22} R HS FU|F R Y & U=
A7 tigh 284S 3718l7] $1ste] pilot T @
A tigh ouldde s 32 AES s 4y
O 22 FES IS 5 A8
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Concentric-Vortex Flow &/go] 71431 2 - 3} difell
93 Wit (turbulent flow)&deo] WAEte] Alx-gaila £
G T BRI FEN B T Y 7180
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