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Remediation of Petroleum-Contaminated Soil by a Directly-Heated
Thermal Desorption Process

Hyeong-Sik Min' - Inho Yang® - Sangjo Jeong’ * Han S. Kim'*
'Department of Environmental Engineering Konkuk University
’Department of Construction Engineering and Environmental Sciences Korea Military Academy

ABSTRACT

A field soil highly contaminated with petroleum hydrocarbons (JP-8 and diesel fuels) was employed for its remediation by
a lab-scale thermal desorption process. The soil was collected in the vicinity of an underground storage tank in a closed
military base and its contamination level was as high as 4,476 ppm as total petroleum hydrocarbon (TPH). A lab scale
directly-heated low temperature thermal desorption (LTTD) system of 10-L capacity was developed and operated for the
thermal treatment of TPH contaminated soils in this study. The desired operation temperature was found to be
approximately 200-300°C from the thermal gravimetric analysis of the contaminated field soils. The removal efficiencies
higher than 90% were achieved by the LTTD treatment at 200°C for 10 min as well as at 300°C for 5 min. As the water
content in the soils increased and therefore they were likely to be present as lumps, the removal efficiency noticeably
decreased, indicating that a pre-treatment such as field drying should be required. The analysis of physical and chemical
properties of soils before and after the LTTD treatment demonstrated that no significant changes occurred during the
thermal treatment, supporting no needs for additional post-treatments for the soils treated by LTTD. The results presented
in this study are expected to provide useful information for the field application and verification of LTTD for the highly
contaminated geo-environment.
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Table 1. Physical and chemical characteristics of the contaminated soil
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Characteristics S-1 (1 m)! S-1 2 m) S-2 (1.5 m) S-3 2 m) S-3 (4 m)
pH 6.98 6.66 6.88 6.59 6.28
Particle density (g/em’) 2814 2931 2.754 2.756 2283
Bulk density (g/em’) 1379 1.524 1.480 1.598 1.446
Porosity 0.49 0.48 0.46 0.42 0.367
Water contents (%) 16.5 15.62 21.09 19.62 19.91
Organic matter (%)’ 233 1.62 2.90 2.62 4.55
EC (ps/cm) 27.61 119.8 613 17.05 17.05
CEC (meg/100 g) 12.81 52.12 25.85 18.53 1632
. Sand 73.29 61.81 69.22 58.43 74.02
Soil ﬁ/exm“" Silt 15.17 19.14 17.41 2126 15.93
%) Clay 11.54 19.05 13.37 2031 10.05

'Depth of point where soil samples were collected.
By weight
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Table 2. Conditions for the thermo gravimetric analysis

Conditions Value
Temperature condition 25~800°C
Temperature variation rate 5°C/min
Charging gas N, gas
Balance sensitivity 0.1 ug
Sensitivity <1puW
Sample plate Aluminum
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Table 3. TPH concentrations in the contaminated soils

High level Low level
Overall TPH concentration (ppm) 4476.2 (509.16)! 954.7 (106.83)'
Low molecular weight TPH concentration (< Cyq) 186.3 ND?
Middle molecular weight TPH concentration (Cy~Cy) 42139 812.1
High molecular weight TPH concentration (> Cag) 76.0 142.6
'Standard deviation (n=23)
Not detectable
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Fig. 1. Variation in the mass of contaminated soil (S-1, depth of
1 m) as a function of temperature.
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Fig. 2. Rate of mass change in the contaminated soil (S-1, depth
of 1 m) as a function of temperature.
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Table 4. TPH concentration in the soils treated by directly-
heated LTTD

Wet soil Dry soil
TPH concentration =~ TPH concentration
(ppm) (ppm)

No treatment 4476.2 (509.16)' 363.4 (35.6)
200°C 5 min 846.3 (96.3) 68.4 (13.0)
200°C 10 min 405.8 (25.1) 54.0 (15.2)
200°C 20 min 103.8 (11.4) 39.0 (9.9)
300°C 5 min 387.0 (46.5) ND?
300°C 10 min 84 (3.5 ND
300°C 20 min 2.6 (2.3) ND
'Standard deviation (n=3)
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Fig. 3. TPH removal efficiencies.

UA|J O] SRslgo] eyl FUsly] ART s
o] & gl nH= 419 Jfo] FolRlr] WEl A
o7 ATHEAEYE &, 2007).

EYF AEe AFHSRE fAdl wt e tﬂﬁ‘rﬂ
A vERgem, A Adejela] edE Alge] 4
ol we} e AEe] AR, EY A5 24
SR 3 T S TR ofEisith
A3 Aol Qo] EE Hhks FHol 288 5, 538
FAshE AR o] FolAER g JF
B2 A &k & 20009 300°Ce = A]
oju] EYeRe] $EE AARY Fg *L&}
A7 Fole AA LSkt TR B A3S Fole EC*
o e 9 ol wiE Exshe 9871 &
el Hagh Aol ARt
F AR

deErlof| T Ase
g GEA=AE Ellsh] 23
T 200°C AFAIRE 5% 2L RS AejelA Alge]
ok 05L, 1L Zﬂoﬂ}\ AELZ}; & Wal=
=4sle] Bt AE AlEe] e 0518 114
TPH AA LS 27t 84.8%, 81.2%% VRt 25
TPH E5+& 5524162, 68.4+13.0ppm (mean + standard
deviation; n=3)°|th. HelEE A8e] o] 0.5 LallA
1LZ 100% 37} slgsdlle E7ota Aeise IA
wolx)x] eIt} olfns GEE] A3 B Aol
200°CE 7Fgslar 200°ColA 55 B¢t *lg] & TPHY]
AAEES =331307] vl A8F 200°CE 718k
o] FA== ofluiA|ell BlEl 200°ColA 2|4
ote] Aol FA] FgkE AR AHHT

m t o{n
2 Bl [

m

-
= = F

J. Soil & Groundwater Env. Vol. 14(5), p. 62~70, 2009



68 WY - T -

Table 5. TPH concentrations and removal efficiencies for the lumps of wet and dry contaminated soils

Wet soil lump Dry soil lump
<2 mm >30 mm <2mm >30 mm
TPH concontration 846 ppm 2279 ppm 68 ppm ND!
(Removal efficiency) (81.1%) (53.2%) (81.3%) (100%)
Low molecular weight TPH concentration ND ND ND ND
(<Cyp) (100%) (100%) (100%) (100%)
Middle molecular weight TPH concentration 789 ppm 2212 ppm 68 ppm ND
(C1~Cao) (81.3%) (47.5%) (80.5%) (100%)
High molecular weight TPH concentration 57 ppm 67 ppm ND ND
> Cx) (25%) (11.8%) (100%) (100%)
"Not detectable :
Table 6. Physical and chemical characteristics of untreated and treated soils
Characteristics No treatment 202:1(1:1 ggoﬁn 350(::1(;1 ggofr(ljin
pH 5.73 6.30 5.68 533 5.23
Particle density (g/cm’) 2.283 2214 2.719 2.225 2.201
Bulk density (g/cm?) 1.446 1.232 1.505 1.216 1.394
Porosity 0.367 0.443 0.447 0.453 0.367
Water contents (%) 18.96 6.60 ND! 0.23 ND
Organic matter (%) 5.26 4.78 4.67 493 4.51
EC (us/cm) 17.16 20.46 16.50 23.32 23.1

"Not detectable
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