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Abstract: [ Objective ] Thermal desorption technology is widely applied in the remediation of petroleum-contaminated soil.
However, the significant differences in the thermal desorption characteristics due to different types of clay mineral, significantly
impact the setting of process parameters and the efficiency of thermal desorption. Thus, this study aims to clarify the differences
in thermal desorption mechanisms among various petroleum-contaminated clay minerals and to guide the determination of
application parameters for thermal desorption engineering. [ Method ] In this study, contaminated soil with typical clay minerals
including montmorillonite, chlorite and kaolinite were prepared to investigate the thermal desorption kinetic properties, and
characterize their microstructures to explore the differences in thermal desorption and the influencing factors. [ Result] The
results showed that the thermal desorption of three contaminated soil could be divided into three stages. Phase (30 “C-110 °C),
in this phase, montmorillonite and chlorite exhibited a three-dimensional diffusion desorption mechanism, while kaolinite
followed a first-order kinetic desorption mechanism. The activation energies (Ea) were 58.64, 124.96 , and 75.22 kJ mol ™,
respectively. Phases II(110 °C-370 °C) and II1I(370 °C-520 °C) followed a first-order kinetic mechanism. [ Conclusion ] The
physicochemical properties and microstructure of clay minerals are the main parameters accounting for the differences in their
thermal desorption characteristics. Montmorillonite mainly relied on azeotropic stripping, diversion diffusion, catalytic cracking,
and interlayer structure adsorption, which promoted the thermal desorption of petroleum hydrocarbons. The influencing
mechanism of chlorite involved physical barrier and catalytic cracking, showing an inhibitory effect at temperatures <200 °C.
However, thermal desorption of petroleum hydrocarbons was promoted when the temperature was >200 °C. The influencing
mechanism of kaolinite was mainly chemical adsorption, which generally inhibited the thermal desorption of petroleum
hydrocarbons. This study provides theoretical guidance for determining the thermal desorption process parameters of
petroleum-contaminated soils containing different types of clay minerals.

Key words: Clay minerals; Thermal desorption; Catalytic cracking; Diversion diffusion; Interlayer adsorption; Petroleum
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Table 1 Basic properties of clay minerals

L TN Specific surface area/ SFHL1E Average pore EXFLIAFR Average pore
Zh 1247 Clay types
(m>g!) diameter/nm volume/ (ccg')
Ei + Kaolinite 2.074 1.126 0.004
%2 /lif7 Montmorillonite 72.27 3.969 0.123
£ f1 Chlorite 22.55 3.969 0.041

F2 FHERMER

Table 2 Basic properties of crude oil

F5 7 ¥ Aromatic

M FN4E Saturated

FE i Sample hydrocarbons/
hydrocarbons/ (gkg')

(gkg!)

JBE ST 75 )3t Resins

ZhIE Viscosity/
and asphaltenes/ %% Density/ (grem™)
(' mpa-s )

(gkg!)

R s 718.4 116.5

165.0 0.925 97.87
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Table 3 Kinetic parameters of thermal desorption for different types of petroleum-contaminated mineral soils

‘ B Sl
. Bt S &AL RE Ea/ EETE T AR AKX KIERE R
FE & 44 FK Sample name Kinetic
Stage (kJ-mol™) M InA R’adj

mechanism
JEah-SE A 1 58.64 16.63 0.9959 Ds
Crude 2 30.42 4.49 0.983 8 C,
petroleum-montmorillonite 3 134.78 44.76 0.990 9 C,
D - 04 4 1 75.22 24.07 0.980 4 C
Crude petroleum-kaolinite 2 37.66 22.58 0.981 2 C
3 141.70 22.57 0.990 3 C,
i -k e A 1 124.96 41.34 0.999 0 D;
Crude petroleum-chlorite 2 29.93 4.42 09814 C,
3 126.84 19.76 0.986 1 C,

. D3, =4EYHLG C1, —#3h)12%%. Note: D3, Three-dimensional diffusion ;
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C1, First-order kinetics.
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Fig.2 X-ray diffraction ( XRD ) patterns of samples ( a. Montmorillonite, b. Chlorite, c. Kaolinite ) and XRD in reference!* ( d-f)
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Fig. 3 Release curves of gaseous hydrocarbons from petroleum-contaminated mineral soils during thermal desorption
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Fig. 5 Schematic diagram of the mechanism of thermal desorption of petroleum-contaminated soils influenced by clay minerals
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