hE ISR 2019,39(12): 5228~5239 China Environmental Science

EEEE I IE R BEEERKREX UVD)EHFEEFEIF N

JABZE Y VLMK AR R, AR5 (R TR TR BT # R 421001)

FE: M THBRS FACRALE Y — R0 5 & BT IF 78S [ 10 BRSO BE S UCVD IR AT S 0 it 1o ) SR 110 56 00 45 L 38 W A R R A S Ak
BB AEIREE A 0.1mol/L CA+0.03mol/L FeCls, iZ i FE N 4l f¥) 25 R 23 24 by (61.55+0.41)%, B AUHFEREFE N 0.2559kW-h, BE B I 2% B N
(0.24+0.02)x10° 2%l Visual MNIETQ #AFHEIUAITE pH (2 3.0 AT B M A S04k Bk 3B PO A7 7 B 3, 405 0 26 1 232 38 LK Bl B AR 4% 5 40
(UO,Citrate )l 212 ) BHTE 25 T (UOL™ ) 4728, Ik a2 2 S % i) FH ARG A 24 S0k B J82 389 00 55 0.0 Smol/L IRl 14y 25 Bk S0 M I i 2, 7 /B b L
5B I EE T T e AR R R AR R B A B S DR AR TR T R IR R R IR, AT AR R R S R AL B R B BB AR . R AR
. 3B 5 fa S N

XEER: AT MR SR BEMER TR

PEDES: X25 XHRFRIRFD: A XEHS: 1000-6923(2019)12-5228-12

Effect of electrolyte concentration on U(VI) migration behavior and energy utilization in electrokinetic remediation process.
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Abstract: A composite electrolyte with citric acid and ferric chloride was used to study the effects of different electrolyte
concentrations on U(VI) migration behavior and energy efficiency. The results revealed the optimal concentration combination was
0.1mol/L for citric acid, and 0.03mol/L for FeCl;. The corresponding removal efficiency of uranium was about (61.55+0.41)%, the
cumulative energy consumption was 0.2559kW-h, and the energy utilization ratio 8 was (0.24+0.02)x10°. Visual MNIETQ software
was further used to simulate theaqueous U speciation in citric acid and ferric chloride solutions at pH 3.0. The results showed that a
large amount of uranium-citrate complex (UO,-Citrate ) and a small amount of uranyl ion (UO,>") existed in the process, and
uranium mainly migrated from cathode to anode. When the concentration of ferric chloride increased to 0.05mol/L, the removal rate
of uranium decreased correspondingly. This phenomenon was related to the strength and direction of electroosmotic flow and the
adsorption of colloidal hydroxide. Compared with single citric acid and hydrochloric acidelectrolyte, the electrolyte combined with
citric acid and ferric chloride has the advantages of higher removal efficiency, lower leaching toxicity and little harm after
electrokinetic (EK) remediation.

Key words: uranium contaminated soil; citric acid; ferric chloride; electrokinetic remediation; migration behavior

it % T (1 TV R e e b (10 7 SR IR A
BEN, TRt AR 1 B AR T R AR 7 A KR
BlRAT R IX LSRR IR R ARIE A I SR K
)L CIRiR S S VNS REECE Tl BN PN
A HIENURAARLL RN IR A A7 AN BRI A T 7™
T . Al e e WL 5Ty A
SE R E AR Ak 2 R R IR 4 DL R SR s
PR (XA G2 18 527 IEAFAER i B 575
QW)L BRAIIR, &) 3 B R5 G e = R K A%
B 7). o 016 53 B R DR B AU RN 4t A L g o
LR LA I B I GE TG R A
A S5 5 — B2 O sl i S e R e, -
AT P T e e B eI O I AR BB R
TR, AT B SR i DX A e R m e 1

1 pH {E 2> 3% %m0 3 T 4 g 1 A7 AE a0 DR
WP 8 pH MBS HANE AR M O R 35 2
— KEEBFFCUE B, R F 38 4 11 PR AR R R 1 s ) 1 43¢
pH B [ ER, 1 E A R0 vy 338 vh o 4 g ()3 1 A
11 $2 e R B AE A A R T g s TR g g T
EDTA. GHURILIR. Frig LA H IR AE Ay r i
X 48 G R A I Y R, 5 R W R 0] R
Bl 2 T 4 rh 4 R 3 A R 3k H K ornilovich
s BIE gy T B s 0 R . H I = LR
EDTA S 1 38 gli& 53 10 5 i, B R o5 A% 1 3

ks HER: 2019-06-24

EEUR: HEARRFIESRIINE (51174117104 205 TR
B IH (15K 106);31 44 G & T4 (17K078)

* JHTAE#E, #d%, zhoushukui@usc.edu.cn



12 3 JE 255

LB B SR U R BT UVD)IERS AN BERE I 70 5229

(10 pH A 1M A%l AN 5 TORRAE FL B BRI, AT 38 v
SOl (18 S ACK ARINAT LS B A 5R)(W EDTA) AT
FEA RS B3 S AIAS Ty AR, 2 3 P 5 e S5 e i
MR ERIRAE SR A I oo 0 SR A M i
P A ISP B s e S AN ) S Vgt LRI
RANER SR e £ 5% NEOSEEINBERYIN SN

FIRRIR (Citric acid) 24— FhER (0 JRAT (125 15511,
H TR I FE ) o B B ik, e - o < i JE Bl T )
PR IR Eh S 2 T g e U bk
WA — i BIARUT LA BT K BT 0 UE W, A AT AR
A D LA TN i) DAY 28 25 B 3 b ) HE 42 s Fu 5%
LR AT A S AR T BB R Cr Y5
Tz, Cr 1 B RIS 94.27% A IR F it
RO+ FL BB R 2 ol ol < i T S R VAR W DUAR
Pt AT BT R A Kim ZEUOAHRE B R AN
HE w280 AN re 06 R 2 Al 3 s A T LB IR
AN 1R 2% WU RS 5 10 A SCAT 9% 3C R HER i
R L AR RRTRAT L35 pH A #2 HIAE& BEYG H A, N
1117 0 VB U R R B v L BB SR 1) 2 BR AR &
P = N N P E e ST e [
N R TR T LB B AH B BR A D R A O] T
NG S FANKS D WFR R IR YEAAE T Fe¥ it
S IR H v ) T A 2R A A g 3L
SRRl R B SN S S w31V P
R IR A A RAR O 5 Ve n L RES vy s
{1y bR el R 20 21 D b T SR PR A I A A e 4
AR LR B 1B A g I Bl K IR AT
9 MUHLER BT 5, 06 - — B g (s o s L Bk
eI A R A R R U, s B R

[R5 s B v, FLBE T AR A2 5 0 R AR 1) T 2 D 3R
PAAERIFFUAEAE SN 597 H AR R < 2 BR AR 0 T
AE KA 0N L A L TR DI TR 388 s g e 1Y)
AT ORI FH A P2 1 v B A 5210 B A X 552 Bk T RE £ 9
I HA SRR SR

BB AT A R AT R A RV
FERIERIR AT 0.1mol/L AT IR 55 AN [RI S5 ) S A Bk
25154 Sy B BH AR H e o, A g e 1 kAT WL B
BE BRI, RN 4545 Visual MINTEQ #AF7>
BBl I AL, NI K 2 BRAR S B A SR AR 5
PR A, 4R FIAET AU 85 Rt iR B 12
SR G SRl Bk ).

1 MR57FE

1.1 il 1%

PR IR 0~20em (13 22 1K H TR
P P8 R ™ B 3 PR 248 R e e 28 AT 489, 2
BREAR . TR B TR B L 40 H 9 R
Img/mL [RJBHBRVE IR 25 il G 138, BRI &
() 83, N B R bR v o, A I U 4
TOR A 150 LI T e By e ad — A H A 1
FARZAL PR TR A B LR 1.

F1 A TIEE LR

Table 1 Physicochemical properties of test soil
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Fig.1 Schematic diagram for the EK treatment
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Fig.2 Variations of current during the EK experiment

2.2 Wiz R R b RBREAE AL IR ] &

HTE 3 W] R WIS SRR o 1R 1 R LA o,
SRR REAEH I 1] AN 0 =] P o P g S A 52 (10
R RERE L BE 2 38 0. 5y BRI AT EL, R R AN S AL ki
JE AR AT RERE MR B2 2, A ST T 2 1
H'. CIRI Fe'' kbl H bR & FErB R FITH
BORE TR RER. k] W A7) BE R S AR
HARE 7 IRERS DL EOK R SE S b b, R 5 2 e &
AT BB R BEOR A Sk B HAT H 2 X

0.06
—n— LBk —e—0.0Imol/L CA
0.05 - —A—0.05mol/LCA  —v—0.1mol/L CA
—o—0.2mol/L CA
0.04

ZILAREFE(KW-h)
(=]
3

L

0 20 40 60 80 100 120
N 7] (h)

0.16 —

—m— LK —e— 0.01mol/L HCI
0.14 |—A— 0.05mol/L HCl —w— 0.1mol/L HCI
—&— 0.2mol/L HCI

0.12 ENEPS S o S
’_——

= ®
C 0.10
2
3= 0.08 |
&= 0.06
B
0.04
0.02
0.00 |
irf ] (h)
0.40
—a—H4U v7
—e—0.01mol/L FeCls v
032 I _a—0.03mol/L FeCls v
_ —w—0.05mol/LFeCl3 V/ _A
= 024 A
& A
2 016 F v/ A
ES S
*E'% vy /A - o*
Bk .08 F // /./0/0
Pl e s
0.00 | J" =
1 1 1 1 L L L

0 20 40 60 80 100 120
i fl(h)
K3 ahiE sl B A
Fig.3 Variations of accumulated energy consumption during

the EK experiment

H A T R 2 BB E AT T H AR e 1%



5232 o

7 A S 39 %

B F T VE Al rE Bl 18 52 A AU RERE I 7 vk
B RSB NS B TR e A 2R R,
HAPE AL F(1.3):

b= (3)
Kby 2 HbrE B BRRes;w 2Rt fEh R
TFERE.

AR B AR, R FEA AR E R .3R 3 EHAR T
ANTRJAR E HLAA N 1) BB &5 R W I H AR 5
B K BE TR A R 4 O Wl BEK ca(0.2)]<
SIEKa(0.05)]<B[EKcA(0.1)]<B[(EKpw)]. H 1 5 7 7K
(R AEFR A Bl 25 B AN (4.76:£0.41)%, {H H: S AEAE TS
SEIG A B R (R 3). 5T LA B I ANAH RN ) AR S (e —
SERESE G Al B Al 25 B 3eR (1 R I A
Bl B R ) 7K LA PO DL AR B AR B 1T RS
8, FECE Z WA ME BRI P IS ZaX]
R, B AR o F et 0 R
SYE LA R A T AR A S RERERS I (1 [ e A5T5 M RE B T
o LA 8 1 B R A T g R A R

®3 FREMRBRHNEELELER
Table 3 Experimental results of different electrolyte in the EK

experiment
R WS RBUERE Al B 510°) B 1% T ke
B (mol/L) (kW-h) (%) e (10 kW h)
DW - 0.00230 4.76x0.41 2.07+0.18  0.48+0.04
0.01  0.02140 2.31£0.20 0.11:0.01 9.32+0.83
CA 0.05  0.03548 19.17+4.08 0.54:0.11 1.89+0.4
0.1 0.03968 36.33+1.43 0.92£0.04  0.76£0.02
0.2 0.05398 24.51+0.61 0.45+0.01 2.20+0.06
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Fig4 The residual of uranium in soil andthe overall removal efficiencies of uranium with different concentrations of CA after the EK treatment
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Fig.7 The residual of uranium in soil and the overall removal efficiencies of uranium with different concentrations of HCI after the

EK treatment
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Table 4 Leaching toxicity of uranium in different soil regions

after the EK experiment
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