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With the development of ecological civilization and eco-
nomic construction, remediation of contaminated soils has
caused more and more concern of scientists and engineers.
Situ thermal desorption is a mature and effective technology
which is especially suitable for the contaminated soil of re-
located chemical plant [1,2]. Compared with in-situ chemical
oxidation and ectopic thermal desorption, the in-situ thermal
desorption has stronger applicability and higher repair effi-
ciency. The main applications of the in-situ thermal deso-
rption technology are semi-volatile and volatile organic
pollutants.

According to the different heat transfer methods and en-
ergy conversion, the in-situ thermal technologies can be di-
vided into four types: steam/hot air injection (SAI), thermal
conductive heating (TCH), electrical resistance heating
(ERH) and radio frequency heating (RFH) [3].

(1) SAI transfers heat through convection by injecting
water vapor or hot air into the contaminated area. The SAI
technology is suitable for the repair of contaminated areas
with good homogeneity and large hydraulic conductivity.

(2) TCH refers to the transfer of heat from a heat source to
contaminated area by means of heat conduction. The TCH
technology is suitable for contaminated land with poor per-
meability or poor homogenization. The soil gas phase ex-
traction technology need be combined with TCH to achieve
remediation of contaminated soils.

(3) ERH is based on Joule’s law, converting electrical
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energy into heat to increase the temperature. This system
includes power control facilities, electrodes, steam recovery
facilities, and recycling processing systems.

(4) RFH uses clectromagnetic waves generated by high-
frequency voltages to heat contaminated areas. However,
low-frequency electromagnetic waves have stronger pene-
tration ability. The low-frequency electromagnetic waves are
often used in in situ repair.

A typical in-situ thermal desorption soil remediation pro-
cess may include heaters, off-gas collection piping, an off-
gas treatment system, and instrumentation and power control
systems [4]. The heaters are determined by different types of
the in-situ thermal technologies. The SAI technology uses
steam generating device. The TCH technology uses thermal
wells. The ERH technology uses electrical conductor, and
the RFH technology uses electromagnetic waves. The off-
gas collection piping connects an array of suction wells to an
off-gas treatment facility. Extraction pump, steam-water se-
paration and off-gas collection piping composite the gas
extraction and recovery system. The off-gas treatment sys-
tem mainly includes gas-liquid separation, activated carbon
adsorption and thermal oxidation. The adsorption and acti-
vated carbon adsorption are the main treatment methods for
the remaining exhaust gas.

The most important three factors of the in-situ thermal
desorption are: temperature, treatment time and soil prop-
erties. The spatial arrangement of the thermal wells will also
affect the heating efficiency and economic benefits.

Temperature significantly affects the thermal desorption
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process of organic matter [5,6]. And some studies show that
in-situ thermal desorption has different optimal temperatures
for different contaminants [6]. When the temperature is
lower than the optimum temperature, the contaminant re-
moval efficiency increases as the temperature increases.
While the removal efficiency declines with the temperature
declines when the temperature is higher than the optimum
temperature.

Treatment time of in-situ thermal desorption usually de-
pends on factors such as initial contaminant concentration,
target contaminant concentration, target treatment tempera-
ture, porosity, mineral composition and fluid extraction
during heating. In general, the volatile organic compound is
treated for 2 to 6 months and the semi-volatile organic
compound is about 6 to12 months.

Soil properties also influence the in-situ thermal deso-
rption. Different soils have different thermal conductivity,
thermal diffusivity and soil moisture content. Thermal con-
ductivity and thermal diffusivity directly affect the thermal
desorption process. Soil moisture is very important in steam
distillation, competition with binding sites, increased solu-
bility and promotion of pollutant degradation during thermal
desorption.

The spatial arrangement of the thermal wells not only af-
fects the thermal desorption efficiency, but also affects the
cost of the thermal desorption engineering. Baker and Heron
[7] summarized the commonly used spatial arrangement of
the thermal wells.

Because of the high temperature of thermal desorption, soil
properties will change. Some studies attempt to assess the
effects of in-situ thermal desorption from measuring biolo-
gical effects, soil organic matter, soil texture and mineralogy,
soil pH, plant available nutrients and heavy metals, soil
biomes and soil conservation of vegetation [8].

In the last century, 80 in-sifu thermal desorption systems
began to be applied to soil surface restoration on con-
taminated sites [9]. At the beginning of the 20th century, the
development of heating elements promotes the further de-
velopment of thermal desorption. In recent years, systems
and methods for modern sustainable restoration of ground-
water and soil restoration, evaluation of in-situ thermal
desorption processes [10] have also developed. This tech-
nology is getting maturer.
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By studying recent research, we summarize the develop-
ment trend of future in-situ thermal desorption technology
into the following aspects:

(1) Innovation in heating methods and rational integration
of different heating methods;

(2) Reasonable in-situ thermal desorption technology ele-
ment matching mechanism for different pollutants and soil
(such as temperature, treatment time and thermal wells ar-
rangement);

(3) The soil recovery treatment after in-situ thermal des-
orption was studied. Make the entire soil management pro-
cess a green, high-quality and effective system.
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