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Abstract

The application of microwave technology has been investigated in the remediation of diesel-contaminated
soil. The paper deals with economic assessment by means of cost analysis and degradation characteristics at
different microwave powers for total petroleum hydrocarbon (TPH) in diesel contaminated soils. The soils from
S Mountain around the D University were sampled. The samples were screened with 2.0 mm mesh and dried
for 6 hours before the diesel was added into the dried soils. The diesel-contaminated soil (3,300 mg THP/kg
soil) was prepared with diesel (S Co.). The drying process was carried out in a microwave oven, a standard
household appliance with a 2,450 MHz frequency and 700 W of power. The experiments were conducted
from 0 to 20 minutes as the microwave powers increased from 350W to 500W to 700W. The concentrations
of TPH were analysed using a gas chromatography/mass spectrometer (GC/MS). The initial concentration of
TPH was 3,300 mg TPH/kg soil. The weight of contaminated soil was 200g. The concentration of TPH was
decreased to 1,828 mg TPH/kg soil (44.7%), 1,347 mg TPH/kg soil (59.2%) and 1,014 mg TPH/kg soil (69.3%)
at 350W, 500W and 700W for 15 minutes respectively. In addition, the curve was best fit with first order
kinetics using the least-square method. The ranges of a first order rate constant k and r-square were 0.0298 ~
0.0375min" and 0.9373~0.9541 respectively.

Key Wonds : Microwave heating, TPH(total petroleum hydrocarbon), Diesel-contaminated soil, Microwave power,
Energy cost
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Aol A £ Bel3std S4E Table
1o) UEP Tk B2 B SAke) gAe AL,
EFSR A5ro ATLAERS AxHYc) ¥
7oA dALEEYS] TPH ¥EE 3,300 mg
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AL AEY9 wlolmazw A& Fig. 19
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B AFodM e AP2AL Table 37 o} 27
TPHe] =& <F 3,300 mg TPH/Kg soil2 233 ]
AQAEYGS nlolmaryl ZAZAE 350, 500, 700
Wl ZALAIZY 0~20 minZdt A &89

Table 1. Physical and chemical properties of contaminated

soil -
Items Contaminated soil
Texture Sandy loam
Sand (2~0.05 mm) 60.2%
Silt (0.05~0.002 mm) 22.7%
Clay (<0.002 mm) 17.1%
Moisture content (%) 1.5
Field capacity (%) 40
2 3
o @
| ]
Q O O
1. | Thermometer 2. | Microwave oven
3. | Digital balance 4. | Power switch
5. | Timer 6. | Pyrex beaker
7. | Sample 8. | Oven cavity

Fig. 1. Schematic diagram of experimental set-up for
microwave drying.

Table 2. Physical dimensions and characteristics of micro-

wave oven
Parameters Unit Dimensions and characteristics
Model - KR-B20MB
Voltage V/Hz A.C. 220/60
Maximum power W 700
Frequency MHz 2,450
Dimensions mm W465 x D360 x H279
Inner dimensions mm W290 x D306 x H220
Capacity L 20
Weight kg 12.5

Table 3. Experimental conditions

Items Conditions

350 W, 500 W, 700 W
0, 3, 5, 10, 15 min
3,300 mg TPH/kg soil

Microwave power
Irradiation time
Initial TPH concentration

FY ES AT AN wet 94 §%
o] ulolYd EY AR} sodium sulfate, anhy-
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Fig. 2. Temperature distribution of diesel-contaminated
soil according to microwave power.
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Fig. 3. The TPH decomposition characteristics of diesel-
contaminated soil according to microwave power.
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Fig. 4. The TPH removal efficiency of diesel-contaminated
soil according to microwave power.
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Z} 1,828 mg TPH/kg soil, 1,347 mg TPH/kg soil,
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Where, k : TPH reduction rate
Co : Initial TPH concentration (mg/kg)
C : Reduced TPH concentration (mg/kg)

t : time (min)
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Fig. 5. Variations of TPH reduction rate according to

microwave power.

Table 4. Reaction rate constants and correlation coefficient
of TPH according to microwave power

Microwave power (W)  k (min™) R’
350 0.0391 0.9795
500 0.0607 0.9914
700 0.0846 0.9703

AMAE(350, 500, 700 W)dl] W& &4k} 24
AGR?) g ANt AABIPRoH, ol o] &=
A4 k= Z+ZF 0.0391 min', 0.0607 min”’, 0.0846
min" o] G o0, AAAFR?) g 0.9703~0.9914¢]
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Fig. 6. Assessment of energy costs of diesel-contaminated
soil according to microwave power.
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