5% 51 &5 11
2023 4F 11 H

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 51 No. 11
Nov. 2023

NEHS: 0253-374X(2023)11-1753-10

DOI:10. 11908/j. issn. 0253-374x. 22120

NI%79:: S N =R A PO Fapi:: DI S 7
R Bt & 7K B Ak 2

X 1 A T2 P
E K'Y, &R R

AL A K

RO, RS, W M, TR

(1. ISR ARSI e (B2 A1) A BRA T, I 20009252, K VT/K RS E T 5 50002 | R BF AR R E 5 TR B, I 2000925
3. WL T RTRE SRl 5 TRRE B, WiV Hii 310018)

TEE. RHWER (Fe® ) il & R SR 4 (NaClO) (i i iR
1 (NazS:0) Filid 28 A0 & (H,0,) 3 Rl 4a A7) b L I i 42 e
TSGR K, 52T pHAE (Fe? R Ak m
e RIS R B ) X A B AKRE (9 R I . Fe®/HLO, Fll Fe*'/
NaS: 0, I REA 28 22 BRI B 7K v iy MY 35 Je ) —— A i
BRI, F 243 5K 5] 100.0% F197.8% , fH Fe? ' /H,O, 4
FX2ERE A (COD) B R BRECR BT LT Fe* /NaoS:04.
Fe*"/H,O, n] ¥ 5 AL 4 ) Ji§ % 1L 43 f#% , 11 Fe* /NaClO
Fe*' /NaS: O, fSU& A WL A Ak h i . Zoc7s
Sy BTES A, pH A Ak RN R e R PR 1
B F  Fe’ /HO, b PRI B 7K 1) i 7K A PR A L (R
BLEARORRIT ; Fe* ™ /NasS,O M AR Y 2, (B TG
fift COD;Fe®' /NaClO BiAS e fIK , (R XA WL R R AR fe 2%
ZEA EBRACREMAF RN E S &, Fe' /HO, K R Hal i T4k
FRPAE BRI K

KHEIR] . BRI s AR B B R AR s &5 T
FESHES. X524 NHAFRERS: A

Ferrous Iron Combined with Different
Oxidants for Thermal Desorption
Wastewater Treatment from Petroleum
Hydrocarbon Contaminated Sites

WANG Xi', LI Huiping*, LIANG Jun', XIAO Feng’,
YIN Jun’, PANG Weihai*, XIE Li*, CHEN Jingjing'
(1. Tongji Architectural Design (Group) Co., Ltd., Shanghai
200092,

Environment of the Ministry of Education,

China; 2. Key Laboratory of Yangtze River Water
College of
Environmental Science and Engineering, Tongji University,
Shanghai 200092, China;3. School of Environmental Science and
Engineering, Zhejiang Gongshang University, Hangzhou 310008,

China)

Wk HA . 2022-03-21

F—EH: £ BR(1985—), B M LA, FLO 719 A T5 /KA B S 3R

E-mail: 275830651(@qq. com

AFVER : PR (1981—) , 55, TRRIW, 2205805 ) A s KBS SR AL R . E-mail: 4319629@qq. com

Abstract:

oxidants,

Ferrous iron (Fe™ ) combined with three
(NaClO) ,
persulfate (Na,S,0;) and hydrogen peroxide (H,0,) were

sodium hypochlorite sodium
used to treat thermal desorption wastewater from the
crude oil-contaminated soil. The influences of pH, Fe™
dosage, oxidant dosage and reaction time on the
treatment efficiency were investigated. The results show
that PHCs (typical pollutants in thermal desorption
wastewater) can be effectively removed by Fe*/H,0, and
Fe”/Na.S.0,, with a removal efficiency of 100.0% and
97.8%,
demand (COD) removal efficiency of Fe”/H,O, system is
significantly higher than that of Fe”’/Na.S.0,. Fe*/H,0, can
oxidize and decompose organic matters completely, while

respectively. However, the chemical oxygen

Fe”/NaClO and Fe”/Na.S.O; can only convert organic
matters into intermediate substances. The multivariate
analysis results indicate that pH and oxidant dosage are
the main factors affecting the removal efficiency. The cost
of Fe”/H,O, in the treatment of thermal desorption
wastewater is higher, but it has the best removal
efficiency. The cost of Fe”/Na.S,0, is lower than that of
Fe”/H,0,. However, COD cannot be degraded completely.
Fe*/NaClO has the lowest cost but the worst removal
efficiency. Hence, considering the removal effect and
economic factors, the Fe*/H,O, system is more suitable

for the treatment of thermal desorption wastewater.

Key words: thermal desorption wastewater; petroleum
hydrocarbon; advanced oxidation technology; financial

analysis
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Tab.1 Main parameters of water quality

. o1 Oxin/ O e/
cop/ (mgeL ™) (r;lig[d‘\il) pH (mg-L 1)
5560+131 52.6+1.2 7.2 51.1

1.1 IR F

ARSI T T 25 A FeSO,-THO | it & 40 5
30% A HO, , HCI,NaOH , Y & R 4M i i B 40 L Bk
¥ Fe, O, M Fe,O,, BRI F oM 4 &k T4 R
NI S TEA 8
1.2 SUIWmAR

MRYE P45 5, eI pHAE (Fe* # i SAfk
FIHE It R0 B g e ) A Sy SE 56 R, AR ARAS [F] 4R
AT A BRI R 15 7K 08 B A S B 45 o SE B0 4% R 1
AEE A 3, R 1L9(3) IEAS S8, HL iy
R 2. P IREE 2 Frid i i 45 112K, A 50
mL JE7K 2 100 mL #EIE P, SR HER RV K pH A
G322 3.5 7, AR5 43 AN [ 3] e kAN
AARR, JFIR A5 O 2 13 F S h i HRURE
53T
1.3 SHAE

JKREI S i SEiad 0. 45 um (g IE . COD
I 7 SR FH A A PR I 2 7, NH, N R FHZK A 1R -
UG TRER G R I 2 .

A7 R 2 I 7 SR & AR SOA AL (GC
8890) , {34t Ky Aglient HP—5 47 5 5 41 45 #1 30
m > 250 pmX0. 25 pm, 2 (N,) it 2 mL -min ™,
25 i 350 mL smin ', Ho i 40 mL-min ', B
AP 30 mL-min ', A3 b 1210, R T pl.
TRFERE 60 ‘CI£F5 1 min, FELL 40 “C-min ' By BRI
% 320 ‘CHRFES. 5 mine #EFE IR 300 °C, A5
IR 305 °C,

0 HINI S I 7 SR F UV 26001 48 40 1] 1435
R, A AR RS 1, L em A g E UL, X
200~500 nm K3 Fl N YOG RE A TIAE
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#2 EXZREHHE R AR B 0 pH=3, Fe? it =0.8 g-L ',
Tab. 2 Design scheme of orthogonal experiment NaClO # =40 mL-1L. ', )R W i [E]=3 h, Fe*"/
A5 PH ppe /(gL D) SR RIME/h  Na,S,0, e 4k . pH=3, Fe* # i =1.8 g-
’ . L', NS, O, B =9 g- L', &2 I I} ] =3 h,
3 1.2 60. 0 mL+L ! 5 Fe*' /HO, fefE 4 F ly . pH=3 ,Fe* it =1.2 g-
o 5 0.4 40-0mlL. 5 L L HO =60 mL-L ', i W i 8] =5 h, £
E R SR o et it Fe' /HO, h % 4 385 L 55 7K By COD M
7 0.4 60.0mleL ! 3 (55604+131) mg-L " FFEF] (1 647+71) mg L',
s BLR F R T0. 4%, T3 Fe?' /NaCIO Fl Fe®/
3 0.6 3.0gL ! 1 Na»S,O. A& 4L Ff, COD 43 %) F B % (3 3264-66)
g }2 ggii g mg- LI (3 753493) mg-L ", it K 2B %43 5
- 06 6.0 gL " s 40.2% f132.5% LTI, Fe*" /HO,%F COD 1)
Fe'' /NaS:0; 5 1.2 9.0gL.""! 1 FERBCRIZAE T AR e T 2 AR ar S5 e
S D R R SR Fenton 3R Filiok 6 W dh v AR Ab 388 2482, S0
7 1.2 3.0gL! 3 (RIS rp s i 30, 224 7 A A Ak ) B0 TR0 5 o A
; éi Zoﬁgi‘f;ﬂ 1 [F] B, Fenton 4 2 (19 S8 AL R AL T i B iR 514 &
3 0.8 40,0 mlAL~" 5 X B 3B AL Y A AR B A S BRLEEA G,
3 1.2 60.0mL-L " 5 H.O, (8 AL E L 7 EAY R 1.77 V {H Fe* 5 5
o e oe e HLO,7™ 2 (R 3 11 i 3 (- O UL S5 i E, 7
5 1.2 20.0mLeL ! 3 iKF)2.80 V, H s HL 3£ F1 7, BEAE TC 22 PR 7K o
T et AT L I S5 K CO . i B R
; 12 40,0 mLsL-! ] KRS0 ) IR AL E, R 2. 01 V, iR b5

=2 OE T & R Y Hitachi F-4600 22643
JEGREETE, WO K AT G B Dy 200~450 nm, &A=
PR G B A 280~550 nm, K435 E M 5
nm, F9 434 2 400 nmemin ', $5 4545 15 9825
Milli-Q 7K 25 F AT BRPLE B .
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Fig. 1 Removal effect of different oxidants
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TV B3 5 R (37.7423.6) mg-L 'FI(36.04E1.1)
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NH,Cl +NOH—>N, *+HCIO +Cl" +H"
FSN AW
2NH; + 3H,0O + 3NaClO—N, 4 +3NaCl
(2)
SR IR K, 7E Fe? ' /NaCIO A &, pH
{EXF NH, N 2B 52 i 3 AR AR K, 76 pHAE M 3.
5.7 %M~ NH, N B L BRI A5 5] 85. 0% LA
L BB Fe' /NaClO 2 BR7K o NH, —N Ay R4 0
A, H R BRAUR Z AN A /N . M T Fe®'/
NaClO, F3 AP A A AR 26 NH, N L BRACR
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Fig. 2 UV-Vis spectra of Fe* ions combined with different oxidation systems for treatment of thermal

desorption wastewater
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Fig. 3 UV-Vis spectral integrals and parameter analysis of Fe** combined with different oxidation systems

for treatment of thermal desorption wastewater
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Fig. 4 3D fluorescence spectroscopy of Fe* combined with different oxidants in treatment of thermal

desorption wastewater
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Fig.5 3D fluorescence area integration of Fe®*
combined with different oxidants in

treatment of thermal desorption wastewater
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Tab. 3 Model parameters of different influencing factors and COD removal rate
Xl XZ XS X4 Xle XlXZ XlXi X1X4 XZXZ XZXS X2X4 X%X% X%X4 X4X4 &
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Tab.4 Parameters of economic cost and COD removal rate model for different influencing factors
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Tab.5 Optimal removal effect of different influencing factors combined with economic cost optimization
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