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Removal of diesel hydrocarbons by
microwave-enhanced soil vapor extraction

(Focused on Loss and Kinetic constants for Diesel
Hydrocarbons)
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In this paper, removal of diesel hydrocarbons (Ci-C2) for dry and moist soil was investigated so
that microwave-enhanced soil vapor extraction(SVE) reduced soil treatment time and raised
remediation efficiency. Kinetic constants of diesel hydrocarbons with microwave energy were 7 times
on dry soil and 1580 times on moist soil as much as those of SVE process without microwave
energy. The diesel removals were 67.7~78.4% for Cy and Ci, and 0~18.5% for Cis~Cy for dry
and moist soil with SVE process only. On the other hand, dry soil with microwave-enhanced SVE
process showed 89.3~99.4% removal for Cio and Cy; and 35.6~67.0% for hydrocarbons over Cis.
All hydrocarbons(C,o~C3;) studied were significantly removed (93.6~99.8%) for moist soil with
microwave-enhanced SVE process. Almost all diesel hydrocarbons were usually considered as
semi-volatile compounds(SVOCs). Microwave-enhanced SVE process might have a great potential for
remediation of soils contaminated with SVOCs.
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Table 1. Characteristics of soil used in this study

H TOC CEC Buik Density Texture Particle Size Distribution (%)
p (%) (cmol/kg) (g/cm’) (USDA) Sand Silt Clay
4.6 1.9 12.4 1.3 Loam 47.4 36.7 15.9
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Table 2. Diesel kinetic constants(the 1st-order) for SVE with and without microwave heating

Without Microwave Heating Microwave Heating
Dry soil Moist soil Dry soil Moist soil
. L BRI 4. a1 .-l 1. -l
Diesel kinetic constant | 1.4x10™ min 5.0x10" min 1.0x10" min 7.9x107 min
Ratio 28 : 1 : 200 : 1580
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Figure 1. (a) Diesel hydrocarbon removals for moist soil SVE without microwave heating. (b) Diesel hydrocarbon
removals for dry soil SVE with microwave heating. (c) Diesel hydrocarbon removals for dry soil SVE
with microwave heating. (d) Diesel hydrocarbon removals for moist soil SVE with microwave heating.
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Table 3. Summary of diesel hydrocarbon removal rates with and without microwave heating

Removal rates (%)

Hydrocarbon Fractions No Heating Heating
Dry soil Moist soil Dry soil Moist soil
(120 min) (120 min) (20 min) (10 min)
Cl10 78.4 67.7 99.4 96.5
Cl2 38.3 28.2 89.3 99.8
Cl4 16.7 4.2 67.0 99.2
Clé 18.5 4.5 52.0 93.7
Cl18 13.0 9.0 42.8 93.6
C20 4.0 10.9 32.1 93.9
C22 0 0 356 96.3
Table 4. Summary of diesel hydrocarbon kinetic constants(the 1st-order)
Removal rate constant, k (min-1)
Without Microwave Heating Microwave Heating
Dry soil Moist soil Dry soil Moist soil
Ist Stg. 2nd Stg. Ist Stg. 2nd Stg. Ist Stg.  2nd Stg.  3rd Stg. st Stg. 2nd Stg. 3rd Stg.
(0-30min) (30-120min) (0-60min) (60-120min) (0-2min) (2-12min) (12-20min) (0-2min) (2-4in) (4-10min)
Cio 29x107  63x10°  1.1x10%  7.4x10°  4.4x10" 25x10"  2.1x10" 14 26x10"  7.0x10"
Cin 13x10%  1.0x10°  6.9x10%  49x10°  23x107 12x10" 12x10"  9.2x10" 13 34x10"
Cia 22x10°  1.3x10° 0 72x10%  8.0x107  3.7x107  72x107  3.6x107 8.8x10" 4.0x10"
Cie 22x10°  1.6x10° 0 7.7%10™ 0 2.1x107  6.5x107 0 5.5<10"  2.8x10"
Cis  46x10°  2.6x10° 0 1.6x10” 0 4.4x10°  6.4x107  3.8x107 5.6x10" 2.6x10"
Cao 0 4.6x10™ 0 1.9x10° 0 0 4.8x10° 0 6.8x10"  2.4x10"
Cxn 0 0 0 0 0 0 5.5x107 0 7.8x10"  2.9x10"
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