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Chemical Oxidation of Petroleum Hydrocarbon in Contaminated Soil by Thermally Activated

Persulfate

REN Junxian', XU Baiging®, SHAN Guangbo?®, QIAO Xianliangl*, ZHAO Jing', GUO Mengzhuo'

(1 School of Environmental Science and Technology, Dalian University of Technology, Dalian, Liaoning 116024, China; 2 Sinopec
Dalian Research Institute of Petroleum and Petrochemicals, Dalian, Liaoning 116045, China)

Abstract: The exploitation, transportation, storage and use of petroleum can lead to soil contamination by petroleum hydrocarbons
(PHC:s), which may cause potential risk to ecological safety and human health, so it is necessary to conduct soil remediation. In this
study, PHCs in contaminated soil were oxidized by thermally activated sodium persulfate, and the effects of oxidant dosage and
ultrasound combined with thermal activation on the removal efficiency of petroleum hydrocarbons were tested. Oxidation products
from petroleum hydrocarbon and soil physiochemical properties after oxidation were investigated. The results showed that when the
amount of sodium persulfate was 2.4 mmol/g soil, the concentration of petroleum hydrocarbons decreased from 3 800 mg/kg to
1 175 mg/kg, and the removal efficiency of petroleum hydrocarbons could reach 69%. The removal efficiency of petroleum
hydrocarbons showed an upward trend with the increase of oxidant dosage. However, when the dosage of oxidant exceeded
2.4 mmol/g, the removal efficiency of petroleum hydrocarbons no longer increased. Using ultrasound combined with thermal
activation, the removal efficiency of petroleum hydrocarbons could be further increased. Persulfate oxidation significantly decreased
soil pH, causing soil acidification. Gas chromatography mass spectrometry (GC/MS) and fourier transform infrared spectroscopy
(FTIR) analysis indicated that some alcohols and carboxylic acid compounds might be generated after the oxidation of petroleum
hydrocarbons. Petroleum hydrocarbons and soil organic matter were oxidized into small polar molecules, which tended to enter the
water phase, causing the total organic carbon (TOC) content in water to increase from 52.4 mg/kg to 79.8 mg/kg. In addition,
scanning electron microscopy and particle size analysis showed that oxidation treatment changed soil morphology, and decreased soil

particle size. Oxidation decreased soil carbon and hydrogen contents, and increased soil sulfur content. The findings of this study can
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provide reference for the remediation of petroleum hydrocarbon contaminated soil.

Key words: Thermal activation; Persulfate; Petroleum hydrocarbon contaminated soil; Oxidation products; Soil properties
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Fig. 1  Effect of sodium persulfate dosage on PHCs concentration(A) and consumption of sodium persulfate concentration(B)
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Fig. 2 Effect of ultrasonic combined with thermally activated sodium persulfate on PHCs oxidation(A) and change of sodium persulfate
concentration and soil pH (B)
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Fig. 3 Total ion diagram of petroleum hydrocarbons before and after oxidation
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Fig.4 FTIR spectra of soils before and after oxidation
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Fig. 5 Changes of TOC in supernatant during oxidation
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Fig. 6 Scanning electron micrographs of soils before oxidation (A, C) and after oxidation (B, D)
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Table 1 Changes of soil element contents before and after oxidation

FALRT ] H(e/ke) BR(g/kg) Z(glke) Hi(gke) WAL AL

FOK 95 20.3 1.9 3.4 2.6 10.7
RPN 9.1 14.6 1.3 7.2 1.6 11.1
3 it

1)k B 18 6 14 1800 0] 52 A TR 1 R BRACR
MEAKIH 2.4 mmol/g B, AR LBRFCE T LA
K] 69%.

2) 75 45 G S A AT DLk — 25 B s AR Y 25

3)ilid GC/MS, FTIR 1 TOC 43#r, FEWIHALL
RS N — SRS R R Y I, b5 L3 Wh
N TR LY & BT

ASFA Sl HIEATIRIRPEREIN , T IEBURE/ )N
AL TR S R, B .

STk

(1] #, 20, FEAG6E, 5. X 30 m e 20 43 5% B
FRHERFFE[]. FREERLA:, 2014, 35(1): 227-232.

[2] FREELRAPHR, E - BRIRAS. 4 LT YeR G A AR
[OL]. 2014-04-17. https://www.mee.gov.cn/gkml/sthjbgw/
qt/201404/t20140417_270670_wh.htm

[3] Deng DY, Lin X T, Ou J M, et al. Efficient chemical
oxidation of high levels of soil-sorbed phenanthrene by
ultrasound induced, thermally activated persulfate[J].
Chemical Engineering Journal, 2015, 265: 176-183.

[4] Tang J C, Wang M, Wang F, et al. Eco-toxicity of
petroleum hydrocarbon contaminated soil[J]. Journal of
Environmental Sciences, 2011, 23(5): 845-851.

[5] Schaefer M, Juliane F. The influence of earthworms and
organic additives on the biodegradation of oil contaminated
soil[J]. Applied Soil Ecology, 2007, 36(1): 53—62.

[6] ZFERE, RWr, Tik, . IS G0 Sl i s 1 Bk
PAEFE R[], £ HE, 2021, 53(2): 336-342.

[7] Do S H, Kwon Y J, Kong S H. Effect of metal oxides on
the reactivity of persulfate/Fe(Il) in the remediation of

http://soils.issas.ac.cn



534

FEZENE AT A R s AL T5 e P i £

585

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

diesel-contaminated soil and sand[J]. Journal of Hazardous
Materials, 2010, 182(1/2/3): 933-936.

XIH R, Bk B, MR, 5. Aimis Y ey AR 8 XU
TEM A YE S A hT5 e H IR —RUE G
B[], +3E244R, 2008, 45(5): 994-999.

WA=, XIHUHE. BhERFRRE(R i 54 Fenton Ak H4EK
BRI IR IR AT [)]. £HE, 2020, 52(3): 539-544.

Liao X Y, Zhao D, Yan X L. Determination of potassium
with  depth  for
oxidation-remediation of soils from a PAHs-contaminated
coking plant[J]. Journal of Hazardous Materials, 2011, 193:
164-170.

Zhang B W, Guo Y, Huo J Y, et al. Combining chemical
oxidation and bioremediation for petroleum polluted soil

permanganate  demand  variation

remediation by BC-nZVI activated persulfate[J]. Chemical
Engineering Journal, 2020, 382: 123055.

Chen T F, Delgado A G, Yavuz B M, et al. Interpreting
interactions between ozone and residual
hydrocarbons in soil[J]. Environmental
Technology, 2017, 51(1): 506-513.

Zhang T, Liu Y Y, Zhong S, et al. AOPs-based remediation

of petroleum hydrocarbons-contaminated soils: Efficiency,

petroleum
Science &

influencing factors and environmental
Chemosphere, 2020, 246: 125726.

Wang L, Peng L B, Xie L L, et al. Compatibility of
surfactants and thermally activated persulfate for enhanced

impacts[J].

subsurface remediation[J]. Environmental Science &
Technology, 2017, 51(12): 7055-7064.

Lominchar M A, Santos A, de Miguel E, et al. Remediation
of aged diesel contaminated soil by alkaline activated
persulfate[J]. Science of the Total Environment, 2018,
622/623: 41-48.

Do S H, Jo J H, Jo Y H, et al. Application of a
peroxymonosulfate/cobalt (PMS/Co(1I)) system to treat
diesel-contaminated soil[J]. Chemosphere, 2009, 77(8):
1127-1131.

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

Li Y T, Li D, Lai L J, et al. Remediation of petroleum
hydrocarbon contaminated soil by using activated persulfate
with ultrasound and ultrasound/Fe[J]. Chemosphere, 2020,
238: 124657.

TR, £, kel 5. G SR a8 A AL L IEXTHE
KA LTS S R R S A [J]. AR, 2015,
52(2): 336-344.

Ranc B, Faure P, Croze V, et al. Selection of oxidant doses
for in situ chemical oxidation of soils contaminated by
polycyclic aromatic hydrocarbons (PAHs): A review[J].
Journal of Hazardous Materials, 2016, 312: 280-297

rhAE NRILRIEA SRR, 8 AlZilE Zoohr
JEIEREEE: HI 10512019 [S]. dbxt: bR IRAL, 2019.
Liang C J, Huang C F, Mohanty N, et al. A rapid
spectrophotometric determination of persulfate anion in
ISCO[J]. Chemosphere, 2008, 73(9): 1540-1543.
Monteagudo J M, El-taliawy H, Duran A,
of diclofenac:

et al
Sono-activated  persulfate  oxidation
Degradation, kinetics, pathway and contribution of the
different radicals involved[J].
Materials, 2018, 357: 457—-465.
Wei Z S, Villamena F A, Weavers L K. Kinetics and

mechanism of ultrasonic activation of persulfate: An in situ

Journal of Hazardous

EPR spin trapping study[J]. Environmental Science &
Technology, 2017, 51(6): 3410-3417.

Rajasekhar B, Nambi I M, Govindarajan S K. Investigating
the degradation of nC12 to nC23 alkanes and PAHs in
petroleum-

contaminated water by electrochemical

advanced oxidation process inexpensive
Ti/Sb-SnO,/PbO; anode[J]. Chemical Engineering Journal,
2021, 404: 125268.

Aeppli C, Swarthout R F, O'Neil G W, et al. How persistent

and bioavailable are oxygenated deepwater horizon oil

using an

transformation products? [J]. Environmental Science &
Technology, 2018, 52(13): 7250-7258.

http://soils.issas.ac.cn



