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Development of Low Temperature Thermal Desorption System and
Remediation of Soil Contaminated with Petroleum Hydrocarbon
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ABSTRACT

The Low Temperature Thermal Desorption (LTTD) System equipped with a soil transfer unit, a rotary kiln, RTO, cyclones
and a bag filter etc. was developed. The LTTD system was designed to be economically operated using LPG as a fuel and
recirculating the discharged gas from the LTTD system through RTO. For the performance test of LTTD system the soil
contaminated with light and heavy oils (2,690 mg TPH/kg soil) and with particle sizes below 50 mm was fed into the
rotary kiln of LTTD system at 7 m*hr with retention time of 15 minutes. Operation temperatures of LTTD system for the
removal of soil TPH were 567°C and 692°C. The residual TPH after treatment was 46 mg/kg and 32mg/kg respectively at
each temperature condition, which shows high TPH removal efficiencies of the developed LTTD as 98.3% and 98.9%.
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Table 1. Advantage and disadvantage of soil remediation with LTTD
Advantage Disadvantage

* Both applicability of onsite and offsite treatment

* High performance rate (25 ton/hr over)

+ Economical cost (770 m> over: $30~70/ton)

« Efficient treatment of "hot spot"

* Linkage of other soil and groundwater treatment

* Reuse of treated soil

* High treatment efficiency (TPH 10 ppm, BTEX 100 ppb below)

* Additional cost for soil dig out

* Additional requirement of site for facility for onsite treatment
* Transfer cost for offsite treatment

* Drying process requirement for high moisture content soil

Table 2. Limit values of liquidity and plasticity of test soil

Specimen Cu Cg US.CS LL PL
D-1 5.50 0.73 SP 25.30 N.P
D-3 9.00 0.44 SP 25.47 N.P
D-5 7.31 0.73 SP 24.58 N.P
D-7 6.79 0.82 SP 26.78 N.P
G-3 5.24 0.69 SP 26.22 N.P
G-5 7.14 0.69 SP 24.13 N.P
G-8 7.14 0.64 SP 25.34 N.P
G-21 5.86 0.73 SP 23.22 N.P
D-23 13.46 1.10 SW 26.41 N.P
G-25 6.30 0.57 SP 25.33 N.P
G-28 6.92 0.58 SP 25.61 N.P
G-36 10.00 0.87 Sp 25.23 N.P
G-46 7.00 0.89 SP 21.53 N.P
G-50 6.33 0.86 SP 22.34 N.P
G-70 10.00 1.30 SW 2545 N.P
G-73 5.00 0.56 SP 26.40 N.P
G-74 8.50 0.68 SP 24.55 N.P
G-76 6.79 0.70 SP 24.32 N.P
G-108 9.00 1.00 SW 25.01 N.P
T-8 7.06 1.23 Sw 2532 N.P
T-15 6.15 0.68 SP 25.44 N.P
T-27 6.43 0.97 SP 25.87 N.P
T-28 6.67 0.87 SP 26.24 N.P
T-31 6.00 0.86 SP 24.98 N.P

) U.S.C.S = Sample name according to standard classification,
LL = liquidity limit, PL = plasticity limit, N.P =Non plasticity
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Fig. 1. Gas chromatograph of test soil.
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Table 3. TPH removal at different temperature and residence time (initial TPH: 4,080 mg/kg)

Residence time 10min. 20min. 30min. 40min.
Temperature TPH (mg/kg)

Initial 1,513 1,320 1,241 1,196

300°C Middle 1,321 1,162 1,154 1,094
Final 1,116 1,086 1,044 1,014

Initial 1,324 1,196 1,165 1,144

400°C Middle 1,234 1,160 1,018 995
Final 1,041 964 1,003 890

Initial 1,203 1,064 1,014 984

500°C Middle 1,037 1,024 1,002 970
Final 1,024 992 934 876

Table 4. Heat transfer test of soil using electrical furnace (soil
mass : 30 kg)

Heating
. time Smin. 10min. 15min. 20 min. 25 min.
Heating

temp.
300°C 218°C  253°C  262°C 268°C  268°C

400°C 216°C  289°C  317°C  343°C  349°C
500°C 301°C  339°C  390°C 408°C  424°C
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Fig. 2. Thermal desorption process.
Table 5. Main processes and design parameters of LTTD
Process Parameter Content Units

Sforage hopper Capacity water content For water content below 30% Hopper
Classifier L . . . .
! Feed method cutting size, water content Classification below 50mm Classifier feeding unit
Thermal desorption Capacity calorie Qpe@tlon be!ow 600°C rotary kiln type Storage. tank feed pat.t thermal
l (indirect heating) desorption furnace, discharge part
Discharge Discharge conc. Conveyer filing Transfer unit

Table 6. Design parameters for oxidation process of thermal desorption gas and heat reuse

Process Design parameter Content Necessary facility

Thermal desorption

Capacity calorie Operation below 600°C rotary kiln type Storage tank feeding part thermal

l (indirect heating) desorption furnace, discharge part
C‘Lyclone/bag filier Soil size dust amount Dust removal Bag filter

I—jeat exchanger Gas temperature ambient temperature Recycle of mixture of waste gas and fresh air Heat exchanger

RTO Initial conc. residence time temperature Oxidation of VOCs Combustion part

SOl S e AT HgO) hHolEt B & Yok EFS ANE oAl WO cascade WO A
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Fig. 3. Cascade configuration of rotary kiln.
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Fig. 6. Field application of LTTD for hydrocarbon-contaminated
soil.
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