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ABSTRACT

A preliminary study for energy efficient soil heating and contaminant removal using microwave was conducted. Soils
sampled from floodplain were heated with microwave oven, and soil heating property and energy efficiency were
compared to those heated with electrical furnace. In addition the effects of water, soil organic matter, and contaminated
diesel on soil heating with microwave were investigated. Even though the electrical power consumption of electrical
furnace and microwave oven were similar, temperature of soil heated with microwave oven was significantly higher than
that of soil heated with electrical furnace. The increase of soil moisture content delays the raise of soil temperature during
heating it with microwave oven. However, the effects of total petroleum hydrocarbon (TPH) (<10%) in contaminated soil
matrix and small amount of soil organic matter (<5%) on the increase of soil temperature by microwave were not
significant. Further studies for contaminated soils with different texture using pilot scale microwave reactor are required

for application of this technique in the field.
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Fig. 1. Schematic view of a continuous measurement of soil
temperature heated by furnace and microwave oven.
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Table 1. Parameters of conventional furnace and microwave oven used for soil heating.

Parameter Microwave Oven Furnace
Model MWO-2019 F 62730
Voltage(V/Hz) A.C. 220/60 A.C. 240/50-60
Power(W) Maximum 800 Maximum 1488
Frequency(MHz) 2,450 -

Dimensions(mm) W461 x D359 x H280 W597 x D476 x H413
Inner dimensions(mm) W295 x D315 x H218 W292 x D292 x H191
Capacity(L) 20 25
Weight(kg) 13.2 25

J. Soil & Groundwater Env. Vol. 16(3), p. 28~37, 2011



vlo| RIS 285 AUA] BEZQ QHEY HFSHE S dmld 31

FE 1.5em HPEE, TYOE2HE 3 cm vPREA 22t
ZGslth. B 84 718 B4& 136 Slete
MY AME o]83te] vEolMEE 7em, 4cm, 1cm
FEE I AP 258 SAH R Sg50 B
&Y AE THEEA F 48 ouA] SA AL 23]
oPd wHE AAEtRom, SAGe] Brks ol-8sto]
Golden SoftwareAHT|=5)2] Surfer T2 IO Z TAISSL
skt

2.4. TPH E& §M DFE

nlo]|FZ23E o]83 QUESk ekt S A3l
9Jsle] AU FfdollA] IS Afol] ESAEE
B DRI 998 A FRE Tl
gsto] AAsIL, YAF Atelol] RIS 5= 1LY &=

F7lete] AAT F TEA FHsAT AeE g_o‘g‘g_

EoRlgE A% I 9xd 719EA 1 A% uHa) &

5

=

i
K

o
S

—

_msl

i=)

A3t eFo® ESAR 900gS 1L Hlo]Ad A&

7138 mrlolagy) QBS o|§3dle] 108 1E|al 208X
71Esiint. A § EAEE WS ZEIRIE: do B
o] WAAI71 I 748} g & I YAl AlEE Al
Fat] e LAEEe 1FA] 2](2009)2] WS AN
sl F=319Y). 553 TPH= Flame Ionized Detector
£ 2k JlamnpE T (Agilent 7890) o838kl E
G AT HA wEf At AR = 2 7
A2 23] ol AAJstor 1 Bk E TPH AlA

3.480 9 mE
3.1. M7|2E 0|25 EUAE 71

AR A8 B HFdolA AFHT EYe] B

2Ze] 745 FEAE(loamy sand, Z 86.0%, AE

3.3%, JAE 10.7%)%, AEFKESS AREE(sandy loam,
2 54.0%, AE 145%, HE 29.5%)= 4900}
A7RE o]8gt EYXES] 71854 Fig. 291 2t} A
7|ZE o]83 71E e MR RE AUt BEY &
o= Hrro] B WHE 7Idste ol wetA E
PR VT UA 71 GREe o8| Wit 7k
Hr}

A7|ZE o] 83 xS FHAES 7HEY F
2 U] Fr)e 71 5 oF 20890 400°C] *Eo}%l
o, EANE F 7Y apgE el X% _EAlE
145°C, 7]&(1— 01—55_4 EO]: /Rl oﬂ _4;(]3]- .Q__J_ﬁ]‘— O‘t

7349 A7)

400

@) ]
5
jo)}
o}
R
<
=2
o
@
Q
€
]
0 \ \ \ . . \ N
0 20 40 60 80 100 120 140 160 180
time (min)
400
(b)
300
S
jo)}
[}
k2
<
5 200
o
[
Q
£
]
100
/ ch_1
/ Ch_2
— —— chs3
0

L L L 1 L L
0 20 40 60 80 100 120 140 160 180

time (min)

Fig. 2. Temperature-time profiles of (a) Paju loamy sand(10%
moisture content) and (b) Paju sandy loam layer(10% moisture
content) using electrical furnace.
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Table 2. Required time(min) to heating soil samples above 150°C
with furnace and microwave oven. (unit : minutes)

Paju loamy sand Paju sandy loam

Heating method
0% MC 10% MC 0% MC 10% MC

Furnace 425 89.8 63.2 105.6
Microwave oven 3.9 17.8 12.0 149

where MC = moisture content
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Fig. 3. Temperature-time profiles of (a) Paju loamy sand(30%
moisture content) and (b) Paju sandy loam layer(30% moisture
content) using microwave oven.
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Fig. 4. (a) Paju sandy loam aggregate after microwave oven
heating and (b) cross sections of Paju sandy loam aggregate.
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10minutes. The initial temperature of the soil bed was 10 £ 3°C.

182.9 +23.5°Co|™ F7|Ze} @] <% o FEo] e
Ao vlE) o L% B2 B} nlo)Hg2uE olg
3o FANESS 1081t 71EA] FEAESS] ol A
ERoA F3g 2% o] e, H1 exe
235.2°C, A 5= 158.4°CE Fa1o} H#I7tol] 76.8°C
o] a7} YT AIFEZ AlBddME Wil A EF
A FEgE 2% Aol YER 1081t 7HEsE Al
H1 25F 223.8°C, A 25E 138.9°CHT HHHY
71aR9] 79l FAEZ] Hil 257} 45.6°C, HA
LEE 124°C, ARYEZS] Hil 257} 40.9°C, HA 2
% 14.5°CE ujo|ag2uz 7143 Aof uis)] IR e
25 BXE YeRiSth

njo|a gl o3 71EE FAANET MFER] 2=
BY EAL FAWHATS] Fig. 504 B & QlRo] AR
ol HigdoZ2HE 7cem, 4om, 1em == 1 em F+29
257} Ea, SR O F SR 25T} upgE: B &
Al UERTE olelgt @2 mlolaEuke] I EgoR

A7} QB ol Faoll FFE7] Wil AoE A
=,

719S 28l 1083 A8E AuRe ) AVEE
205 Wh, mlolZ&3} QB-O 200 WhEX] fARIEoLY,
FIAEST AIGEZY] FeEE vlo]azy) 920
2 71ES AlF7) AVZE o] 838l Z1Es AlER 7}
Z} 159.4°C, 177.3°C E4T}.

33.1. 8l e EPNES] 71E B4

FHADAE Fig. 62 10%2] 385 71 EqAEl
g d71=e} vlolaza)l QB2 o83 71 AaE
ERdc. grdol S71el w2l 29 B older '
F =5 APl Bot B oluAE e HAN,
7} BN R & B} 71U £EE B vp
ola=y} QBS ol§3l] 1087 71N FEAEZY 9
A A BEEQ] L5 109.1°+ 8.6°CEA AXZ AR
of Hla] °F 73.8°C W& BEE HoW, AIIEZLS

J. Soil & Groundwater Env. Vol. 16(3), p. 28~37, 2011



34

5 (cm)

©

5(cm)

5 (cm)

(d)

Fig. 6. Temperature distribution of (a) Paju loamy sand heated with furnace, (b) Paju loamy sand heated with microwave oven,
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Fig. 7. Temperature distribution of (a) Paju loamy sand heated with microwave oven, (b) Paju sandy loam heated with
microwave oven. Each soil sample has about 5% of humic acid content. Each soil sample was heated for 10 minutes. The
initial temperature of the soil bed was 10 + 3°C.
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Fig. 8. Temperature distribution of (a) TPH contaminated Paju loamy sand and (b) contaminated Paju sandy loam layer heated
with microwave oven for 10 minutes. The initial temperature of the soil bed was 10 £+ 3°C.
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