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Abstract: Large areas of oil pollution sites are generated during oil extraction and transportation, and urgently need to be remediated.
Taking petroleum hydrocarbon contaminated soil as the research object, a self-made smoldering test device was used to study the effects of
factors such as soil calorific value, moisture content, and air flow rate on the smoldering reaction characteristics and remediation effect of
contaminated soil. The degradation process of petroleum hydrocarbon pollutants in the smoldering process was also explored. The results
show that the smoldering reaction temperature range of petroleum hydrocarbon contaminated soil is 200-600 °C, and the remediation
efficiency is generally higher than 98.5%. When the soil moisture content increases by 5%, the propagation rate of the smoldering front
decreases by about 46.3%. The higher the soil moisture content, the slower the propagation rate of the smoldering front. When the calorific
value increases by 1.81 MJ/kg, the average peak temperature of smoldering increases by 300 °C, and the peak temperature of smoldering
increases with the increase of the calorific value of the polluted soil. When the air flow rate is between 15-25 L/min, the propagation rate
of the smoldering front increases with the increase of air flow rate. During the smoldering process of polluted soil, the double bond groups
of olefins are easily oxidized and broken to form aldehydes, while the carbon bonds of long-chain alkanes are easily broken to form
medium chain alkanes. The results show that smoldering has a significant effect on the remediation of petroleum hydrocarbon
contaminated soil, and the smoldering process can be controlled by adjusting the influencing factors. The research results will provide

theoretical support for the engineering application of organic contaminated soil smoldering remediation technology.
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Fig.1 Schematic diagram of smoldering experimental device
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Table 1 Experimental conditions

FE  fk%o THRRmm  HUNEE/% 255 R/(L/min)

A-1 3 0.5 3 15
A-2 3 2.0 5 20
A-3 3 4.0 7 25
B-1 5 0.5 5 25
B-2 5 2.0 7 15
B-3 5 4.0 3 20
C-1 8 0.5 7 20
C-2 8 2.0 3 25
C-3 8 4.0 5 15

1.4 Rk

22 HI 1021—2019¢ L E MBI Y Ak
(C1o~Cao) HIM5E AAH € 15 Yl A 35X (Nexis
GC-2030, H 7 Shimadzu 23 w]) #4741 1 4& (C10~Cap)
e RE I A Y R A R Tk i R M AL
VOCs BT3B E™ . B TY/T 0589.4—2020(#4
A3 AT E S 4 3843 PR I )X B A AR TS
AT T (QS500, 3 TA A H]), 25 AN,
M 40 °C FFAETHE, FHEHEZ K 20 °C/min, FHE 38 min;
WA TY/T 001—1996 {8 BL A5 36 21 S S 33 7 13
U] ) Y X6F B A BTG i A i i e S R AT 20 A i
(Thermo Scientific Nicolet IS10, 3% & FE 2k K /R Bl4%
ANED) MR, $% GB/T 9722—2023 (fk2Fid) SR,
T A 30 ) ) et FH OR35S B ) (7890A-5975C
RIS AN, S5 ZHER R A R R X T R
AR VR BRI A AT AL 53 3 AT, GC-MS SR FH T 25
HEREAG I 5 2 (T 25 A 45 S DANI HSS86.50 4= [
Tz PERERR), (i HP-5MS(30.0 mx250 pum, 0.25
um), {435 4 A 15 TR B 40 °C f£4F 5 min, L1 5 °C/min
f 3 T2 100 °C, L 10 °C/min B3 B TF = 300 °C
P45 5 min, AL E IR E 300 °C, 1L 56 300 C,
/N He, 2 Wi 0.6 mL/min, EI ¥ M 3% 5544,
HLFRETE N 70 eV, B FIIRIE 230 °C, DUBAT 150 °C,
FAHAA Scan, F45 5 E FY 35~500 amu,
2 #ZR5iTie
2.1 ARSI PR R AR
211 FHAKE

kTS e B IK R 39% F 8% Bt BFATRLE AR
fE £ AP 2(a)(b) AR, 38 25 7K F BRR A K
Vi) LA K [ 9 06 T A% 425 98 S5 9 5% T AN 151 2(c) P,



1792 wom B

= %37

HTC1~TC6 M55 1 9~55 6 S A e (B I A5 i 2k
ORI, B IS KRN, PR TCL BT
WA I 85 1 B BSF () A28 /7, ek A T BRI, B AR 0 1 4%
R T B, TEHLI & L 3%, 250 20 L/min,
FHERIAR 2 mm (S5 T AT, 35 KR
3%, 5% F1 8% Bif 149K 0 L Yk F& iy 3 BsF 1) 433911 A 50,
82. 120 min, [FHRIE I 144K 82 5351 0.136. 0.121,

600

0.072 cm/min.  F] UL, 2475 Y 35 AR EARAT, B
HIHIK 5325 & s (A D, RSB )35 i K
T EE , BFT AR boe ok 8 st A R T v 2 7K 38 A ¥ % - 8
FFVIOA T 220 22 R A A B4 i FH A K o 1 25 DD
LIEYEH TR R, KA 2R R AR T i 2 R
I, TR A5 TR RTOA (i I B 1 BB ) e e iy HL 25
JITREAIG, 1 RO A MY RE I FE

600

1 IBER S Al

a0 —TCl — TC4
<1 — TC2 — TCS
500 - 500 - — TC3 — TC6
1
400 | 400 | i
4 g) i
B 300 300 1
8 ) !
200 | 200 |
100 f 100
— TCS
Y — TC6 N .
0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210 240 270 300 330 360 390
15} []/min I} )/min
(a) F33E 7K B 3% B R IE E 4 A (b) 3B 7K 86 I B AR JBE 43 A
120 014
Ho0.13
110 2
=}
E 100 —40.12 é
B S
= 90 Jon %
-
% 80 + —40.10 %
o 70 - J0.09 &
: g
60 |- ) =
—o— U3 /3% HH LI ) - 0.08
—m— [ JAR A £ R
50 ? Il Il Il Il Il 0.07
3 4 5 6 7 8
BIRE%

(0) 3855 7R BT BFAR UGE A 12 R A JEE DAL 3 P ey LT 10 ¥ 55

B2 TEESKEIIAREFERNIT

Fig.2 The influence of soil moisture content on smoldering characteristics
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Fig.3 The influence of air flow on smoldering characteristics
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Fig.4 The influence of soil calorific value on smoldering characteristics
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Fig.5 Changes in petroleum hydrocarbon
concentration before and after
smoldering remediation
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Fig.6 Components of smoldering reaction exhaust gas, and curves of time versus gas volume fractions of CO, CO, and O,

in exhaust gas
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Fig.7 Results of thermogravimetric differential
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thermal analysis of petroleum hydrocarbon-
contaminated soil (TG/DTG curves)
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Fig.8 Infrared spectral characteristics of contaminated
soil before and after smoldering reaction
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Table 2 Composition and proportion of petroleum hydrocarbon-

contaminated soil

5 F 4y it/ %
C,H40 WHLH 22.35
SiHy kG 0.18
Si(CH3)203 FR 2R e AU 1.26
Ca6H7a =tk 0.73
Ca4Hsg Zpuke 0.48
C4Hg 2- T 14.33
CsHig e 1.07
CeHin 1-C 2.08
C7Hj MPE= 0.53
CoHig T 0.18
CH3(CH»)sCH3 Fhi 0.50
C7Hg o 0.20

=3 BABMERISRRAS RS
Table 3 Composition and proportion of condensate after

smoldering reaction

orF 24y i H/%
C,H40 WH L HE 11.09
C7Hj Beke 0.32
CH3(CH>)6CH3 Fhe 0.25
CoHaz B&ht 2.40
Ci1Hog +—%i 3.01
CioHoe =k 1.78
C3Hag =k 1.34
C14H30 +puke 2.70
CisHsn RIS 0.64
Ci6Hzq RAY 1.60
CisHsg AN 1.25
C3HgO P 5.89
C7H 140 B 1.66
C4HgO T 0.75
C7H 140 B 1.12
CoH/N i 0.54
CioHao S 0.92
C7Hs IFS 3.14
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7 1.39~3.20 MI/kg. 7K 3%~8% I, PRI (A
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