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Electrokinetic transport characteristics and thermal activation efficiency of persulfate

in low—permeability medium

YU Yulu'?, SIMA Jingkel'z*, YANG Jie'?
(1. Shanghai Academy of Environmental Sciences, Shanghai 200233, China;2. State Environmental Protection Engineering

Center for Urban Soil Contamination Control and Remediation, Shanghai 200233, China)

Abstract: Electrokinetic remediation combined with thermal activated persulfate oxidation is an effective remediation
technology for most organic contaminations in low-permeability soil. The key to improving its repaire efficiency lies in
enhancing the migration, mass transfer, and thermal activation efficiency of the oxidants in low-permeability medium. In this
paper, the migration behavior of persulfate in low-permeability medium under direct current (DC) and the thermal activation
of persulfate under alternating current (AC) were studied, respectively. The results showed that adopting "anode dosing" was
more conducive to the migration of persulfate than adopting "cathode dosing". The current intensity and electroosmotic
velocity of the reaction system were significantly improved by increasing DC voltage gradient. However, the electroosmotic
coefficient was basically unchanged because it was primarily related to the basic properties of the medium and was not affected
by experimental conditions. When the DC voltage gradient was set to 1 V/em, the persulfate ion reached its maximum
migration distance at 24 h. The maximum migration distance was 25.0 ¢cm and the average concentration at the furthest

distance was 5.70% of the initial dosing concentration. When the DC voltage gradient was set to 2 V/em, persulfate ions were
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almost unable to migrate instead and only accumulated at S1 point, which was 3.0 ¢m away from the anode. Under these

condition, the average concentration of persulfate ions at S1 point reached 15 times the initial dosing concentration. In

addition, it was found that the higher the AC voltage gradient, the better the heating effect of the medium when applying AC

electric field with different intensities. The heating effect of the middle part of the medium was better than that on both sides of

the electrode, indicating that the temperature in the middle was higher than that on both sides. The thermal activation

efficiency of persulfate increased correspondingly with the increase of medium temperature. Therefore, the higher the AC

voltage gradient, the higher the thermal activation efficiency of persulfate. Within the framework of this research, setting the

DC voltage to a lower intensity of 1 V/em and the AC voltage to a higher intensity of 3 V/cm resulted in the best migration

effect of persulfate. Under this optimal condition, the maximum migration and diffusion distance reached 25.0 ¢cm, and the

thermal activation efficiency of persulfate ranged from 32.0% to 74.1%.
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Schematic diagram of the persulfate electrokinetic transport device
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Table 1 Experimental conditions for the electrokinetic transport of persulfate

S i HL B JE/(V/em) FH B T4 98
Exp-1 DC-1 0.01 mol/L NaNO, + 0.021 mol/L Na,S,0, 0.01 mol/L NaNO,
Exp-2 DC-2 0.01 mol/L NaNO, + 0.021 mol/L Na,S,0, 0.01 mol/L NaNO,
Exp-3 DC-1 0.01 mol/LL NaNO, 0.01 mol/LL NaNO, + 0.021 mol/L Na,S,0,
Exp-4 DC-1+AC-1 0.01 mol/L NaNO, + 0.021 mol/L Na,S,0, 0.01 mol/L NaNO,
Exp-5 DC-1+AC-2 0.01 mol/L. NaNO, + 0.021 mol/L Na,S,0, 0.01 mol/L NaNO,
Exp-6 DC-1+AC-3 0.01 mol/L NaNO, + 0.021 mol/L Na,S,0, 0.01 mol/L NaNO,
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Figure 2 Time-dependent variations of current and electroosmotic flow under different working conditions

2 T 00 S 24 H 75 o AL 9B R RS R E 3
JIE7R o DA BH AR 3 it B R 6, 4 HL RS L 1 Viem
P8 F) 2 Viem I, - 24 B % 5 B & T 105. 8%, T
HLB R B R T 3. 5%, 1t WA 2 w8 A B 5 1T A i
FRR B, H B R R RN, B

FEAR W], 24 e ] B OK 6 e BE — %2 I, 4 sy I A R
AL LA S A R L 451 i) 20CR 4R T f 98 R T LB
FAE 8 A B R pH A5 ) HE G, 22 1 R 2 AR
N DA I A A5 T ok L R A R, ST 28 L 38 i R A
HL 98 2 B BH A 800 2o A R i 1 0 0l B AR T 52. 0%



%5

ATER R , 45 « i BRI R 7R AR5 A 5T A4y FL B i e A A A 2R 237

FI51. 8% 31X 2 1 T A RO 50 9 Hit 35 22 T 4K i
() Zeta LA 22 BN AR LB R A L), R ELL
SERRAS i TR B

40 0

oL D77 il 1V fem

E i 2viem
@ X B 1Viem _
Z30p =
& z
= a
5 £
f% 20F 55 120 2
RN T =
= %/ 2&
ik 7.44 6.72 1., 8
i I 649 7 10 m

/ ] 3.13
0 N 0
ST

B3 ANTE AL 9 HL I8 It 9 AR R
Figure 3 Electroosmotic flow velocity and electroosmotic coefficients

under different working conditions

2.2 i ALER 3 eY b FhiE A4

A 20 A4~ - S8 HURE 11 v BB 38 3 YO0 3 A R R Uk
JEHEAT R Ay AT, AN A T 00 R a7 R AR v R i B[R]
GG SL U 4 B o BAAR B0 3 B R £ B S,0,7
F Bt B AR A . WA 4a BT R RO
6 h,S,0. [ AN IER T 14 cm; LIV 24 h, B 25 B %
25 cm 40 JF B K I 5] S,0.27(0. 019 /L) ;48 h i, HH &
FH K 25 cm Ak S0, #49k FE 35 5] 0. 285 ¢/L, {HTEHE
BB 25 em DL _E A X0 H A AR I £ S,0,7 . HBI
LR, S,04 1Y i KIE# #2825 em , i B8 fe i A F-
YU B BN 5. 70% . 24 HL R RS E T 2 Viem
BF, & 4b FF 7R, A R S,0,7 4 B B T R HdR R
IR I SO s o U, S,0,7 32 B AE BH B A L E
A BE B P 3 cm Ab 9 - 2 v B 3k B4 i A 15 4%
TEME T 0L R, S,0 1 e KIE RS BBl 14 em, i 7% I
T8 4D S 25 e B M BEIN 59 0. 80% . i L AT AT, I it
T E R K I A AR R A AR R R B (1 VY
cm>fifrﬁ%ﬁ1§ﬁu;ﬁﬁ§ihE’J%%zmz

[ 4 5 2 % R R 5, S,0,27 38 i He 3B 1R AT ER
TR AR I A ﬁnl?ilztcﬁﬁr S,04> M A% 1 BH
e FLIE B8 9 AR A 22, BB B I A 19 e K AE S HE B A
43 em, S,0,7 -k BE GBI 1 33. 4%, AH B,
LT S,0,7 D BHAR 1] B AR GE B8 A B G o HE T AE SE 0
FE IR B, A 9E A A BT ARSI 0y BT 22 5 5 Y K
T PA KAy RS TR A AR A KO B 1S S,0
TE HL 9K Bl R %ﬂ%ﬁﬁiﬂﬁm& HAEBRBIERTZ
18 16 BT . I, S,0,.2 3 3 H 98 4R ] 8 B K IE

FEHE 25 R 14 cm, iF B8 5 ik Ab SF- ¥ 4k B3 SR m 5 (1Y
1. 32% , B PR AR NI BEAR 1 76. 8%

DL E 25 R R, A e wb A BT v i R AR 04 H Bl
TR M EBIEN S, BB 5w B 0 1%
ﬁ%JTSO*ﬁBHWE’JEEL%MﬁﬁH A — e 5T R
MR LR R IR Em RS THBiE
Wik X FEE HHEE B EEA K FIEA
THAR RN B PR N 0 77 X e 6% 42 BE o R
B 3 1A RAGE R, BRI <5 7= A il E . 4R
1M 2R e AE S 80 (1 Viem  FHAR BN ) B, 38 5 12 46 £
KT # B B A ik 2 25 em, F 25T B ok B AL ik 2
5.70% , H i i £k o3 A ¥ — Ve 25 . S Tk — 20
o T ok it R Eh A B ROR N 2 A Ty R $EAT AR
b, B v o Rk fn vk B L - 4 U] T AR K LB 4
B bAoA R e A A AR
2.3 AR e HFE SR

JH Rk B2 50 B SR B 2 S B W T 3 A Rk e sz
o IR b A AR A O UL B AR AL TR LI S, 2R
F WL, it AN ()5 R Y B AL (T 1—3) , A il
JEAR AR AN K o MR N 1 Viem B, 4 R
FEAE16.2~23.5 Cyw BN I3 5 2 HL R BB E 2 Viem
BF, A AR 12 h 5 Jm 8 B e TR B2 A 3 25. 2 °CL Jm B T
T I 5 02 DR oA 7 H O A R 00 T 7 A AR B B R
NP A I R AR H Bl i A R Eﬁﬁumﬁlﬁiﬁ?
9 28 i B 3 (00 4—6) , S5 5 45 oI5 A B B2 43 A
155K S Br s o élﬁ@j]ﬂlV/(mE’]ﬁC(nLEErT 4 i
I FEFE 18, 3~21. 8 “CYu I N I 30 ; Mt hn 2 Viem #9528
T A, A TR B AE 17. 8~33.8 °C, 4 40% 1Y
A i A F] 28. 0 CC LA E s YAt 3 Viem 1928 3

JE B, A B R R (17.7~63.2 °C) , HA A
60% By IR B IR 3] 40 “CLL . AN ST LLE H A
Jo v 1) T AR 0 G, S A R AR RN Y T AR
BEPE . — 5 T, P OHL A % AR KON AT T AR I H B
BELAER K, 77 4GB K, 150 B A o v 30 BH A Ak 1) i BH A
JIN B A B T RS B B v R SR, 5 1A 4a i B AR
RSN DUAE W G5 D5 — 7 T, AR 9 A A A BT
IR A, 5 B AR TR RIS R T A A R 5 R B A
HPRBEK,

il i AS [ 588 B2 1) 228 Ik L 3 0 RS T A T 4% 1XC
0 R AR VR TR BN T A B AN [ X
S B R R ) ARTE AL R IR 6 TR o T < it Jn 28
TR A BT A B R AR VR B BT R R . 4t



238 HooBE

fi W43 %

5 10 1520 25 30 3540 4550 0 5 10 1520 2530 3540 4550 0 5 1 1520 25 30 35 40 45 50

EE 125 P FHT‘&EE #/cm
[ | I ——— [0
-2 3 8 13 18 23 28 33 38
a— PR, 1 Viem

K4 AFTHT

T 7] [ T ey
-5 5 152535455565 7585 95
b—FARRAE N, 2 Viem

=i

B 25 FAA I B /em TS BHAR I 5 /em

g/l

T T o/L
-1 1357 9111315171921
B, 1 Viem

o 2 A Vi B BT ] 3 AT

Figure 4  Distribution of persulfate concentration with time under different working conditions
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