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Abstract: The- nl‘echamsm and influeneing=Factorsof  dn .in-situ thermal remeiation using, electrical resistance heatlng weére
investigated. The effects of electrical ctirrent, heatlng method rehydration, and ﬂegatlve pressure on soil heating “and energy
consumptlon were studied using in-situ electrlcal resistance heating equipment. “The tesults showed that there were twol" “main
mechanlsms for soil heating. Firstly, electric’ energy was| converted into heat energy, whereby direct heating of the soil by electricity
m(*reg‘sed the 9011 temperatare: This mechanism mamlg exnted 1n ke soil between two electrodes. The second was heat conduction,

whereby, thezsoil‘fempérature between the electiodes was thlgzrhlghest, and the heat gradually transferred from the high-temperature soil to
the low-t@rﬁperature soil, such that the temperature of the soil far away from the electrode connection gradually increased. The heating
current affected the rate of increase of the soil temperature. The higher the current was, the faster the soil temperature rate of increase
was and the lower the unit energy consumption was. Compared with continuous heating, intermittent heating had a slower heating rate
and required a longer time to reach the same temperature. However, the energy consumption per unit was low and only 45.2% of that
of continuous heating. During the heating process, water should be continuously added to the soil around the electrode to maintain a
high current and continuous heating. The negative pressure of extraction was large, the soil heat loss was large, and the unit energy
consumption was high. In actual projects, appropriate technological conditions should be selected according to time, cost, and the
removal rate as a means of improving the efficiency of the in-situ resistance thermal desorption remediation of contaminated soil,
reducing energy consumption, and shortening the time limit.

Key words: in-situ thermal desorption; electrical resistance heating; soil remediation; heating mechanism; energy consumption;

influencing factors
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Table 1 Properties of the test soil
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Table 2 Heating and energy consumption of different currents

=] Tem3 i 22/C A4/ min REAE/KW +h T AEFE/KW -h-C !
e LT 42.1 160 18. 80 0. 45
SR 41.0 220 20. 00 0. 49
/ #51 a
1.0 1.0 1.0 — —
0.9 —  TemIEHE, ¥ HLiR 0.9 — Tem2iEL A, ¥ hif 09|  — Tem3iRJE, FjrLifi
08} —- TemIELHE, AL 0.8 - - Tem2i i, fikHisifi o8 |, -~ Tem3LAE, {Rrizifi
= 07 07t ™ 0.7 \
o 06 061 061
§ 0.5 0.5 —_— 0.5 \
& 04 0.4 S~ 0.4 \
Too03b o 0.3 0.3 \
0.2 e % - . 02 \
0.1 0.1 T~ oL 0.1 N e e e e - -
0 0 0 F
0 40 80 120 160 200 240 0 40 80 120 160 200 240 0 40 80 120 160 200 240
i fix/m I filx/m I} [ x/m
'} ." -
B 4/ [ ERFE Teml, Tem2 7 Tem3 4 B £ B SHTW
l‘: I-'u Figed4, First derivative of the ¢urve at qunl'“; Tem2 , and Tem3 variation with different ¢lirrents
J 3 A — s

2 ‘
2.2/ T A P HR RS 1 R

K5 e B A RN 20T S 5 i i i
AIE L. DAl 7% S i S B 4 ) G AR T
[E] BN (EANAA 185 min JiT , EESE M EL 5 rh
Tem1 F1 Tem?2 23 & 5 T A1 BN FASL 56, 4T
f%éib[l?ﬁ‘&, [E) ST 44N Teml il Tem2 FHE
HRE PRI, 33 2 PR Ay B AR 38 H R ] 25 77 4
1o FEL R RSl RIS 7= A R A, st kil
B, P OR A e A R R AR R
LR R = A e B I AL & T EE 2
AT Rl F R Rl re A I DR TR T T
LN Tem3 I HOM AL T Tem3 T M1 22
JUF-FAT, 1 B 9 2 T I B A AR ], 3 g2 R oy
Tem3 {7 THHEEE BT , F8 70 P 5 Bl 25 28R 0 4 1
R, L NAART Tem3 il i AL SR MM E L,
DRI B P PR 2k i It 2 ) 3 B0 2L R[]

-
o

MRS T Tem3 FHE LT —2.

3 PRI R BEFEN O, TR LUFE
B ESE IS R TR 42, 1°C HIRT 160
min , 11 ] BOMASEAF T, £ TH 5 38, 5°C FHAT 185
min , B 3% S Oy SO EE TH it I i i 4k
hnps BN AERE M 0. 45 kKW -h-C ~", [a] &K in#i Ty
KA REFEIL A 0. 22 kW -h-C ~' SR LTy =
REFENY 45.29% . PR L, AR X L1330 45 s T [m) &
PO TR (R A 25 R B R K. SR T
Wil gz , R F om0 =X DL IRRRAE, 1Y
BIA QSRR e R AR T, T A [R] P 5
BB, W ER R v R O S I O XL (R 52
br TR H 5 7% 5 T, A, T e 2 45 O i
PRI, ARl S B 100, B i 2R S T8 58 AR SCR
FEEEIAT LU SEBR TR IO Z i e 2t 5%
EIRAS JE DA H 0 1 1% 3 B ) A €.

#3 FAEMRAXTHEREEBR
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Fig. 5 Soil temperature change of different heating methods
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