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Key Influencing Factors and Desorption Kinetics of Thermal Desorption Process of PAHs-

contaminated Soil

HUANG Tao', LUO Wenxuan?, XU Chenghua®, CHANG Wei', YUE Xiupeng’, ZHANG Yaping®"

(1 Jiangsu Zhongcheng Construction Engineering Corporation, Nanjing 210041, China; 2 Key Laboratory of Thermal
Conversion and Control of Ministry of Education, School of Energy and Environment, Southeast University, Nanjing 210096,
China; 3 The First Geological Brigade of Jiangsu Geology and Mineral Resources Bureau, Nanjing 210041, China)

Abstract: Soil polycyclic aromatic hydrocarbons (PAHs) pollution has seriously threatened human life and health and the safety
of the ecological environment. The effects of initial PAHs concentration, soil moisture and particle size on the desorption
efficiency were investigated by ex-situ thermal desorption experiments, and the primary and secondary kinetic and exponential
decay models were used to fit the thermal desorption to explore the removal mechanism of PAHs’ thermal desorption in soil. The
results showed that the desorption efficiency increased with higher initial PAHs concentration under the same conditions. When
the desorption lasted 20-40 min, a significant efficiency improvement was observed. The effects of soil moisture varied with
different PAHs components: Nap, Phe and Ant reached optimal removal rate when the moisture was 16%, while the maximum
removal rate of Fla and Pyr occurred with 13% moisture. Under the same desorption conditions, the smaller the soil particle size,
the higher the removal rate of PAHs in the soil. The results showed that the exponential decay model has a better fitting effect on
the desorption process of PAHs components. PAHs’ thermal desorption is divided into two main stages: 1) PAHs evaporate from
soil particle surface with water evaporation; 2) the diffusion within soil pores restricts PAHs’ evaporation rate.

Key words: Soil remediation; PAHs; Thermal desorption; Exponential decay model
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Fig. 1 Pretreatment process of PAHs in soil samples

&1 PAHs AN HIIBUMER
Table 1 Physiochemical properties of PAHs components

ZFR 45 W AHXS 53 F i 2 (g/mol) WECC)  WRZFEE@mmHg) A (kI/mol) 12K o
ES Nap 2 128.0 218 1.8x107 43.1 3.37
El3 Phe 3 178.2 340 9.6x10* 52.7 4.57
h3 Ant 3 178.2 218 1.7x10° 52.4 4.54
D Fla 4 202.3 384 5.0x10°¢ 66.5 5.22
4 Pyr 4 202.3 394 2.5x10° 65.8 5.18
1.3 #ApR MR E R IR 1% 1 fite, SRIGHEHIS 100 g HIEIEATHRPZEM JE IR G+

NAAFEIFAGT5 e 138, K —5E TR Y9 PAHSs {2
AZAT 50 mL S B RIBEAR rP A TR A5 0T ST MR

BARS , 75 T BB AR R R T R 2
BB, SR 5 FORIFIS Je B 0 46500,
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n
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JEE AL T ST ]
2 HBR59WH

2.1 11 PAHs #I4ER B X 40 Bt B9 22 M

2.1.1 ARG YOKE 80 PAHs BRSO A
)75 Y fe B 40 PAHs R BRmE 2 R, +
e PAHs 19K R B G W 1A vk B2 i35 22 - T
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[E] 40 min i, PAHs ) EBRFIIIET 50%; 17124 PAHs
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2 RRISHREKTELIESR PAHs I EBRR
Fig. 2 Removal rates of PAHs in soils under different pollution
concentrations
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Fig. 3 Residual concentrations of PAHs in soils under different
pollution concentrations
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Fig. 4 Removal rates of PAHs components in soils under different pollution concentrations
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Fig. 5 Removal rates of PAHs under different soil moisture content
conditions
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Fig. 6 Removal rates of different PAHs components under different soil moisture content conditions
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Fig. 7 Removal rates of PAHs in soils with different particle sizes
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Fig. 8 Removal rates of different PAHs components in soils with different particle sizes
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Table 2 Kinetic parameters of Nap desorption models at different temperatures
L (K) EiEg18=20 78l — G A ZR B IR
kd n R2 k] R2 kz R2
373 0.645 0.412 0.996 0.212 0.968 0.000 46 0.998
423 1.412 0.217 0.999 0.370 0.979 0.001 08 0.997
473 2.106 0.203 0.999 0.576 0.998 0.003 22 0.999
523 2.903 0.226 0.999 0.853 0.999 0.013 20 0.999
573 0.494 1.492 0.999 1.090 0.999 0.062 55 0.999
2.4.2 Phe. Ant BB RES 1% WA 10, & JUHAE 573 KN, Phe MY kg fEAE T iR fE 1.730,

3A[ &I, AT Ant Fl Phe, F5E0E DA A GENS B 4T
LA BT 3 R A R A o i — 2 S B
SAAERLNT Phe Al Ant BB R AL A R EE (B AR,
%I Phe MUHL-EFERE Y TRE RN 0.721 ~ 0.993
F10.928 ~0.999, X} Phe M5 A1 Ant FHLA 2
JE Bk E R B9 0.866 ~ 0.999 FI 0.973~0.998,
AL UL 2R 2 8 124 5 BEXT Ant BIALA TR R o
HH 2% 3 0, Rl LRI, Phe MR R
TR kg (AR R AT Ant 1 kg (B %,

X, 5 YW W T BN AR RE S A T A5 L
SRR A A 5 . Phe 43 F N MAIELEH, A E I
Ym0 Ant AZPESEH, RARBRPEY) BT, XS E
H KRS SRR Y Phe Fl Ant 75 138 vh 9 R4 TR 22
iEE SN,

2.4.3 Fla. Pyr AiFftfEsh )25 BRIV
5 2 3 .3 35 PAHs Uit FR 2L, X T Fla 1 Pyr(4
WY, FRBCER LA RO . & 11E FIE
L1F A%, 33 Fla Al Pyr A5 B2 H 2 5625 M0 At
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Table 3 Kinetic parameters of desorption models of Phe and Ant at different temperatures
bR HRE(K) TEHCE P AY — R E IR B Iy E R
kd n R2 k] Rz k2 R2
Phe 373 0.215 0.430 0.995 0.038 0.721 0.000 065 0.928
423 0.351 0.389 0.991 0.071 0.786 0.000 13 0.960
473 0.736 0.242 0.999 0.147 0.806 0.000 27 0.953
523 1.193 0.220 0.999 0.299 0.953 0.000 72 0.991
573 1.730 0.220 0.999 0.481 0.993 0.001 94 0.999
Ant 373 0.320 0.454 0.996 0.081 0.866 0.000 15 0.973
423 0.377 0.576 0.999 0.158 0.976 0.000 33 0.998
473 0.567 0.553 0.999 0.250 0.987 0.000 66 0.995
523 0.687 0.595 0.999 0.343 0.997 0.001 18 0.997
573 0.733 0.646 0.999 0.406 0.999 0.001 71 0.998
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Table 4 Kinetic parameters of desorption models of Fla and Pyr at different temperatures
5 4L TR (K) B D B — B IR TR B I ERR
kg n R ky R ka R
Fla 373 0.424 0.240 0.992 0.045 0.424 0.000 083 0.767
423 0.892 0.095 0.999 0.104 0.439 0.000 183 0.773
473 0.900 0.184 0.999 0.169 0.799 0.000 309 0.941
523 1.011 0.243 0.996 0.246 0.947 0.000 544 0.990
573 1.029 0.280 0.995 0.277 0.973 0.000 684 0.995
Pyr 373 0.262 0.405 0.987 0.046 0.719 0.000 081 0.923
423 0.784 0.227 0.998 0.156 0.818 0.000 287 0.954
473 0.986 0.234 0.999 0.236 0.918 0.000 496 0.983
523 1.803 0.149 0.999 0.421 0.985 0.001 400 0.996
573 2.095 0.122 0.999 0.473 0.990 0.001 820 0.997
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