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Microwave Thermal Remediation of Soil Contaminated with Crude Oil Enhanced by

Granular Activated Carbon
LI Da-wei> ZHANG Yao-bin, QUAN Xie; ZHAO Ya-zhi

(Key Laboratory of Industrial Ecology and Environmental Engineering, Ministry of Education, School of Environmental and Biological Science
and Technology, Dalian University of Technology, Dalian 116023, China)

Abstract: The advantage of rapid, selective and simultaneous heating of microwave heating technology was taken to remediate the crude oil-
contaminated soil rapidly and to recover the oil contaminant efficiently. The contaminated soil was processed in the microwave field with addition
of granular activated carbon ( GAC), which was used as strong microwave absorber to enhance microwave heating of the soil mixture to remove
the oil contaminant and recover it by a condensation system.The influences of some process parameters on the removal of the oil contaminant
and the oil recovery in the remediation process were investigated. The results revealed that> under the condition of 10.0% GAC, 800 W
microwave power>0.08 MPa absolute pressure and 150 mL*min”' carrier gas (N, ) flow-rate; more than 99% oil removal could be obtained
within 15 min using this microwave thermal remediation enhanced by GAC; at the same time, about 91% of the oil contaminant could be
recovered without significant changes in chemical composition. In addition, the experiment results showed that GAC can be reused in enhancing
microwave heating of soil without changing its enhancement efficiency obviously.
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Fig.1 Schematic diagram of the experimental apparatus

R B b3 RT B i OF 1 60 H 9 9 25 B 2%
Jot, £ 9 J B RO N 5 R A RIURL I P e A
51, H20.0 g WA WTINAT S SN &, LR
TR B VA IR AR R A R ARG T e
AU TR AEL, BEAT T e 3 e ) J
WAL AN A5 KT ALV LR B 45 21V it o]
AT, ol s L ) T I 1) J O P Bl e 0 A7 B3

A T RIS 1 N A A B SR S o
st 2[RI SCH R R AT 23
1.3 Al

75 G 2B 2 A BT S50 2 R [ M R S G
2o [0 I A Il -4 A1 43 56 0 BE ¥ (TPH-IR, ASTM
Method D 7066-04 ) 5E 75 B - 34 ity v 11775 G vk
&, H42 o OO THEAE S R v G 4 358 vy G il
12 BR % (RED:

RE =

Cy —

& 100% (D

Co
X, ¢ ABEERT PTG R IR IR ¢, A
B A L3 s Gl IR AR
VIR AL o3 3 M BLIE ey S TR &
WCARRLE 10 1) 50 A B SRR by, 25 OB 48 A
JREAE T « ¥ 790 JE T 4k B SR RSO €43 (GC-
FID) 73T, 55 A A A7 e o P BB AT LS5 2 v %
Ly . el R A AR ALK 5 45 23E AT 20 M7 . GC-FID
3BT A% : DB-5 (4% 41 (30 mx 0.25 mm x 0.25 pm)s
HA A2 A (3 mLemin™ ') B2 )7 Tl 40°C (3
min)—5 °C *min~'—280°C (20 min); ZEAE H A I 2%
L7370 280°C ~ 300C.

2 #ZR5WE

2.1 BESEMEE SR
2.1.1 ORISR A 1 52 e

A o — 2 ) A A 3 Hh R R A T A ]

A NG IE TN

T—t Ty _ 2nﬁoe;ccﬁp| E |’ (2)
L, 7 W RIS I B, T W) R A
G, ¢ O BT R], O RO AR, e R 3T
T HTE & AP E N WEFER T, E R
R RIE, o AVIIIE L, ¢, AP e, 25X
(2ZRW], W JFAE 5 — T 3 T R TR AT 4 5 3
e LA IE LG FR | 358 OS2 W S o (1 A v A
FEDR - Ce"DE — M A ARG, AR 0RE 35 1 2R A g — F
IABEE A 1) o A e R AR B A R e 1 e B (L3R
1) R, 7 38 o N — e 5 R RO 1 o m DL 4
R R e o L AT 38 5 - S AT S 3 vh () 44
THECR .

SEHG A TR D) 800 W RGE K J1N 0.10
MPa~ B CHIHE N 150 mLemin~' 45 T, 02875 44 +
P P ORI P i 1) 77 2 R 2 B0, 25 52 ) - ff
T N BN el 26 BR Z g LT 20 85 1 8




2 AR AT RS < JU 5 e - 8 AR RIORE 5 1 25 489 B el e A AE AT 9 559

(2) m#ATHR .A....Illll
600 — I..l‘ —a—10.0% GAC
—e—5.0% GAC
—A— 0% GAC
400 /./ .‘....oooooooooooooool
o
g *®

[ |
./
i AAAAAAAAAAAAAAA
AAAAAA 4
200 /.A AdAAL
/S
A

| | | | |
5 10 15 20 25 30
t/min

=1
S »\

L (b) ZER#®
100 /.____,_..—-l
—u—10.0% GAC

—e—5.0% GAC

—4a—0% GAC

g o~—*
2 r /’
40 |- .
e
[ ] o
w0/ o
/ 2 A A A A
—A—A—A
0 Za—4T l l l \ \
0 5 10 15 20 25 30

t/min

2 HRRIEE RERIEER AT EX LIEMAFRE RIS RBERENTZIA

Fig.2 Influence of GAC dose on temperature profile of the soil sample and RE of the oil contaminant during microwave thermal remediation
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Fig.3 Influence of microwave output power on temperature profile of the soil sample and RE of the oil contaminant during microwave thermal remediation
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Fig.4 Influence of carrier-gas flow rate on temperature profile and RE of oil contaminant in the soil sample during microwave thermal remediation
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Fig.5 Influence of absolute pressure on temperature profile of the soil sample and RE of oil contaminant during microwave thermal remediation
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Fig.6  Gas chromatogram for different oils
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