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Low-temperature Thermal Treatment of Diesel-contaminated Soil and Its Effect on Soil

Physicochemical Properties

REN Jiagiang'?, SONG Xin'", HE Yue®"

(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Nanjing Institute of
Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: The production, storage and transportation of diesel are likely to cause diesel contamination in soil. Thermal treatment
is commonly used to remediate volatile and semi-volatile contaminated soils. However, heating can alter soil properties. This
paper gives a comprehensive assessment on the removal efficiency of diesel-contaminated soil using low-temperature thermal
treatment (LTTT) and the impact of LTTT on soil physicochemical properties. The optimization results of LTTT experiments
showed that the total petroleum hydrocarbon (TPH) removal efficiency was 94% after LTTT at 250 ‘C for 10 min, resulting in a
residual TPH concentration of 358.7 mg/kg, lower than the risk screening level of 826 mg/kg. Overheating and/or excessive
heating duration can lead to excessive energy consumption and adversely affect the physicochemical properties of soil. The
comparison on soil properties showed that soil color changed from yellowish orange to grayish brown, and the slight decreasing
trends were observed as follows: soil pH from 7.39 to 6.88, CEC from 16.9 cmol/kg to 14.8 cmol/kg, and water holding capacity
from 0.32 g/g soil to 0.29 g/g soil. In addition, soil organic carbon decreased by about 10%, while NO;-N and NH;-N values
increased by more than 14 and 4 times, respectively. No significant change was observed in soil texture and total nitrogen. It was
inferred based on the elemental analysis and change in soil color that pyrolytic carbon was formed in LTTT process, which was

the main removal mechanism of diesel by LTTT in contaminated soil. Therefore, it can be concluded that LTTT is a fast and

OIEETH : b ERA BRI S M 4531 R1(STS +H41)30 H (KFI-STS-ZDTP-039) I [E R} 24 bt s #0235 H (KFZD-SW-303) ¥ 1l .
* Sl HAE# (xsong@issas.ac.cn; heyue@nies.org)
EHRIA: ER®A994—), B, BErgd)I A, BiEotad, RO mh 55 R KRS Y485 . E-mail: jqren@issas.ac.cn

http://soils.issas.ac.cn



%5

FEGRAE . SEIhT5 e b AR AR B O] - e B AR A 2 ) 957

efficient soil remediation technology, and the optimization of heating temperature and time is the key to make LTTT a green and

sustainable remediation technology for applications on diesel-contaminated soil.

Key words: Contaminated soil; Low-temperature thermal treatment; Diesel; Soil properties
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Fig. 2 Effects of heating temperature (A) and retention time (B) on TPH removal from soil

http://soils.issas.ac.cn



%5

FEGRAE . SEIhT5 e b AR AR B O] - e B AR A 2 ) 959

10, 20, 40, 60, 120 min P FHUEHHAL . G045
FHH(E 2B), TENNHGERE 250 °C, a2 10 min
PEATIAL B S, 3 TPH &5k 358.7 mg/kg, 154¢
15 TPH £BRRH 94%. FfiJ5 BEZE AT a] 18
o, V54t HE TPH RBRRERIGI, 24 m AR} E
120 min i, 554435 TPH Z255ik3] T 99% LU |-

DL EIREG S5 R, SR B 250 C, hngi
]2 10 min $EFTHAEER)S , T59 1 TPH KH5r 2
Bk, AT - 3 o e 15 T 39805 e XU A s A
#E(GB 36600—2018) " AL FY — 2 T b i A il e i
E(E 826 mg/kg™, JNHGEEE 250 C KT A Al
BEREREE , AT LA bR A B T B REIRI FE
2.2 {RiBHAGIEXT BB RN

HAi7E S HEE G UF R TR v, in#AT g
SR MR, R - 3ETRE, A W T
AV IR AR Ak BT A I R M A ST
2.2.1 AL ER AL BT ~F 48 B €60 15 3 F) 5 il
El 3 s, #AbPE 3 L A ARk, 250 C N
P10 min J5, ¥5 5 HEE 0 R R AR AR R K FRE
EIA (10 YR), BEE@A—-3)RMEI, W
(7— DAL, SAHPUBRCRIERL, 52 AE A i B
fift e 4 Ao 4 HE B € 7 PP

CK Tl ™ lem

(CK: 58, Rishngeah; T1. fehisdet3; T2. L8905
e+ HEAE 250 C JiI#R 10 min)
B3 FELE T IEG G
Fig.3 Effects of different treatments on soil colors

IR AL BT -3 B s N GER 1) TRt
bR O o 110 g/kg, MPRIETERN 539 g/kg, Bk
i 351 glkgo HACHE, V54 LIEAVRLS 8 102
g/kg [%3) 99 g/kg, Wyki i 544 g/kg HEANF] 553
g/kg, MIERLE M 354 g/kg [EAKF] 348 g/kg, —fi
M, B30 Yo il as Z0m iR , R 400
T RF, RS R AR K i AR PR 28
SRIMTLA A MED, Badia A1 Marti™ &3, 4 250 'C il
60 min J7, IR A ELH 320 g/kg FEIRE] 170 g/kg,
AR B RD R S H i 230 g/kg HEINF] 310 g/kg, 1iE
PI1EZ O A AN ORI RS RN, Et (Y NZIE 0% s
K, TS B S R AR RO R & = T . 1
8 JTT Ml A 2 P RO 2 5 e LA ) -3 D RE 9 AnfRoK

&b
He o

R1 FEALLEX LIRS BRI

Table 1 Effects of different treatments on soil physicochemical properties
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CK 9.10b 770 ¢ 739a 0.28b 0.80 b 1433 b
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T2 13.70a 15.16 b 6.88b 0.29b 0.90 a 57.85a
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