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Table 1 Main chemical components of uranium

contaminated soil %

U Cd As Pb Cu Ni Zn Mn Cr
5.37 39.53 18.6 8 8.1 9 4.9 3.7 2.8

7. G LB (MgCLy) | Bl R 40 . B 1R 4% L
TR TR i R A TR M L ok TR LA L T TR N
AFIR (HF) .30 % WA K (H, O,) , 78 B Bk 2% Iy
AR R (HNO,) . BB KWk TA R A
Al IR (HCLO; ) K B A 27 i A BR 2
H] 3 2 U ZBR AN (EDTA-Na,) |+ = b B 5 R
B(SDS) , At R K ERHHLA R A

FEALLR : BT K (AR224CN, B 52 17 Y
T R K B oS 5 (SHZ-T, B W 5% A fb X 2%
J7) s pH 11 (ST3100, B ZE WL L H R 3G & IR
A (ZWYR-240, b 2 4 B A 3% i 18 A R
FD L8 KT 4 (DHG-9070A , | i 25 28 4% %5 1
EA MR A, FHi 7 B 5% (Nova Nano SEM
450, 3 F FEI A w]) , &5 # 2.0 #L (Sorvall LYNX
6000, P& BR K R BHHD , Ho B A 55 B TR &
gAY (Agilent 5100 ICP-OES, Z# & B4 , 7]

P R (ML-1. 8-4, db 50 RF 5 7k D4 AL 2% A BB
D S SR R 7 PR (DF-101S, I 3Ll
TAEALEAT BR AT A 7D A % T AL (FD-1A.,
b B BRI A S A IR A FD .
1.2 RWEFEERFGZE

TR0 S B SR AR Ab- I I G 48 A T Ak B
T Y - 4 38 A UK B IR A LT 8 5 7 il ) T A
A BRI WL 45 & S AR S e 45 5 B
i1, TR Bs A EDTA AT SDS k6791 25 Bl il 38 e 28
T IR 6 285 6 A AT AL W 45 B A 1 S B v sk
B5E . 5T pHWR EARBUST L L vk Rk B
XA 7 e JRE AR bR Y s T 25 %l 2 B SR A 5 i

IS K 2 g RS 50 mL ¥k} Eg
OB IFEERIR G 4 F (30 °C 120 r/min) T
ATk s Bt 5 7 = B0 AL, L8 000 r/min Y5
HALFE 10 min; Z 5 WA W ARAE &, H 0. 22 pm §i
FLuE M1 g L3 5 ICP-OES 9 22 8 ¥ b h & i 3
BahEmR, HEARXWT.
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2.1.1 %1% pH

Pl EDTA (¥ Bf 100 mmol/L). SDS (i
20 mmol/ L) Ay Ik v 71 , 7 W [ 4 B & b 15/1,
H, O, ¥ B 3% J NiRFA] 6 h 244 F . % 80 4h pH
X EDTA \SDS kb4l A 52 m . 45 S an el 1 fos .,

55
50
X 45
g 40 —=— EDTA-H,0,
HEI 35 | —e— SDS-H,0,
& 30|
[
25 t\"_’\'__,
20 L L
4 5 6 7 8
YiihpH

1 #1144 pH ¥t EDTA.SDS it 3 $H B9 22 1
Fig. 1 Effect of pH on uranium washing by
EDTA or SDS
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=/

) E AT E A H, O, 76 pH=4 I B A f%
FEEALACR CRAL B A R 1. 78 V), AT A 80 3K
Bl-AT BL T 45 A wE. [ BF EDTA B &R R 5 A1 M
SDS 1 fiff i 3k A1 76 % pH T RE A 5508 B TR 71k
B (pK,=2.0~6.2) M H L7 5. J1 R 1 5

3)3E P fe /M 1% pH Z& A4 ATk OH
TR RCA (pH =6 BF @ ) R R A R
REMRER ERTR L 501 IR + A R Ak 454, &
B A 8 b Ak (p H <2 I i ) 46 ) i,

2 pH>4 B, #h & ¥ 5% 46 vy UO, (COHD ™
(pH=5~7) 1 UO, (OH), (pH>7) Z % 1% £ ¥
LB Ha O, 43 i 0 CF 32 9 46 46 60% LA
1O R EBREETRET 3040 ~50% . Wik, H
S BTN = VRV TR A
e B Sl BRI pH=14,

2.1.2 BEGRREL

i 8 [ A B B £ b 3G O, Al B 1 B 5 Ak R R
ST BC AL A R T A A BT, L EDTA
(M BF 100 mmol/L) .SDS(# EF 20 mmol/L) ik
VER AER) 1 pH =4, H, O, % BE 3% . ] B B [H]
6 hac T, % S & R L5 & tb X EDTA ., SDS
RVl Y s e, S5 SR N E 2 R .

60

50

40 —=—EDTA-H,0,

—e— SDS-H,0,

HEBRE/%

2/1 s/t 71 101 15/1 2071
T A BUR & E

2 FEERRE L EDTA,SDS i# % $# # 2 h
Fig. 2 Effect of liquid volume to solid mass ratio on

uranium washing by EDTA or SDS

Hi P2 ar . BRI RR BT R L R

EDTA-H, O, % ) 5l 25 5% 2 2 W 7+ 51 o IF 76 W [
BT L3S % 15/1 B3k fe K1 SDS-H., O, Xt
ol 4 2 83 e S T v i RN 7 VAR R BB A L Ry
10/1 Wik ek, XA RER I Ry SDS X & 4 J& (1)
PR UE 32 S HR e T SR ROV BE (CMO) L 7 SDS i
FE/NT CMC I, SDS ¥R B2 5 bk PEA5CR 2 35 4
KA R IBF CMC |, fill K BR 2 BE SDS ¥ 2 31
K TH 535 8] CMC J5 . 4k 238 fin SDS ¥k i
e T80 LB R TR W, #i 2 ED-
TA-H, O, 1& & 138 B & AR FR T 5 kbR 15/1
SDS-H, O, 1K & M i& B & & & B & e ok
10/1,
2.1.3 HEFIRE

TEW I pH=14.H, O, ¥ & 3% ., [ i i [A]
6 hoik [ K BB A L 15/1 &R, 4 I % 52
EDTA . SDS ¥ B X AH R 44 22 Ik 1 Sl 119 52 o, 285
mE 3 fR.

70 ¢
S 50t
i —=— EDTA-H,0,
% —e— SDS-H,0,
& 30

10 1 ]
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WRPEFIWR BE/(mmol « L71)

3 EDTA.SDS iR & % 18 Rz {4 % ik 5 $h B9 2 09
Fig.3 Effect of EDTA concentration or SDS concentration

on uranium washing in corresponding system

i & 3 %0 EDTA-H, O, & & XF sl 19 25 5
HBE EDTA ¥ 8 K I+ & s EDTA W =
100 mmol/L B, i KB R A HZ&E. ZF B TR
ELX A E 2 K 8 EDTA ¥ JE 5 100 mmol/L
B, 55l %) BE A RN 42 30T Bl A O A Ak S 1 R
EDTA ¥ B xF 8l 19 2 B % 82 A 20O A R
SDS-H, O, #4& Z % il 19 2 B Z2 bl SDS e B 1% K &2
T T E G ARG TE SDS E I &E 20 mmol/L
B 35 B e 5 3 2 P R AR B SDS(<<20 mmol/L)
T2 L3 3 BRS39S A ) A
B2 SDS ¥k i i M 5 e R ik B2 (CMO) J ISR
BT 2 B2 4 B L Al SDS £ 5 + 4 p 2 4y
PHESF (i Ca®" (Fe® ) A lUUTTE L 52 4 I FE A 2K
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SDS., I BH 2 + 56 7L B . 8¢ 28 30 ) b B9 25 BRES
. i 2 EDTA-H, O, & R (38 B EDTA ¥R &
A 100 mmol/L,SDS-H, O, & & 193i& ‘B SDS ¥ &
4 20 mmol/L,
2.1.4 H,0,iRE

LI EDTA (¥ ¥ 100 mmol/L) . SDS (¥ J¥
20 mmol/ L) Sk e ) , 75 W & AR FR BT i b 15/1
Wits pH=4 W B[] 6 h &4 T, F 4 H. O,
JEXF EDTA, SDS itk ¥ filt 79 52 i, 45 R a0 K 4
FF7R

60

S 40 —=— EDTA-H,0,
Ly —e— SDS-H,0,
&
g 20
0e 1 1 1 1
4 8 12 16
H,0, % %/%

4 H,0,iREXT EDTA.SDS #k % 5 B9 2% I
Fig.4 Effect of H,O, concentration on uranium

washing by EDTA or SDS
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M. 78 H, O, Mk 0y 3% ik i w5 s H, O, W i
kg3 K, EDTA-H, O, A1 SDS-H, O, {4 £ %} 4l
2B R T R X AT RE R R, 2 HL O, e B i
3Rt iR H. O, — i x5 EDTA.SDS &
N5 —J7 W23 M FE#F 4> « OH 4 L HO, -,
HO, « A kM55 T « OHM ) T S 80sh 2= B
R M H, O, W R 0% B, B Bl R A ED-
TA F1 SDS fE Jy bk e 570 - il 25 BR R EAK L 73 51
24.12%F1 0. 66 %0 , X 7] AEJ& K A £ HEh 5 T ik
VR TE A B T B, Bk, B e
EDTA-H,0, .SDS-H, O, 14 % ik 3k 1 75 e + e 1w}
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2.1.5 HEkATE

LI EDTA (3 J# 100 mmol/L) . SDS (¥ Ji
20 mmol/L) A WRPER . £ w1 4 pH =4 ¥ [ & FL
B b 15/1 . H, O, W BE 3% 45140 F . 5 8k e i)
[ X5 EDTA. SDS ik ¥ il B9 52 Wi, 45 R 4 & 5
FE7R
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Fig.5 Effect of washing time on uranium

washing by EDTA or SDS
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PP ST 1) B < 32 ¥ T . Z 5 e T AR E . 7E 6 h B
kB, M52, 8% 51 SDS-H, O, 1k 2 il £ B R
Bif Jbk R BT 1) 42E 4 % 7 TR, R AE 8 h ik de e, o
26.8% ., X—225 EEWT 2 Rk vk B9 4E AL
HIAFE EDTA ot tR#EE SIEH S5 E 74545,
6 hJE S T sl 25 V-4 5 1 SDS A 32 186 74 57
BRI E 75 B2 8 b A i S LAk 1 78 43 ik i
55 B R BRRIR B i S G . gk 22 1 Kk vk
W], PP AR 28 00l 25 I R A B R T L R
TRE BB AR, WL, A8 HRURELT
PE, 8 EDTA-H, O, FISDS-H, O, 1A 2 i 1 Tk ik
Bk ] 435 R 6.8 h =40,

2R o DR A G 4 R O R R AR N

DEDTA-H, O, K% :pH=4, W A& B & b
15/1,H,0, ¥ 3% ,EDTA ¥ 100 mmol/L, ik
VERTIE] 6 h, BLAR/F T ARl L BR3E 52. 8%

2)SDS-H, 0, K F& . pH=4, ¥ [ 1A i & 1
10/1.H,0, ¥ 3% ,SDS ¥ J& 20 mmol/L . #k ik
BFE] 8 he U5 T A Hl 25BR 2K 26.8%
2.2 W@ Rz gh AL

X Box-Behnken i 8 %1t 7 s, I 45 &
PR 22 300 50 328 BBU KT Bl 25 I % i A Ry S Y
3 A DB TR 2R R VR MR BE L HL, O, MR BE N [ 1K
BURCR H B R E i 3 K FARig h—1.0.
1, BT FaRisE , #6471 ma izl Ak .

M) 7 Y TR 925 0 A AR S 60 15 o A 25 2R L 3 2~
5, 3 F Design Expert 11 F#E 43 1 5 Ak X i 56
BE 4L AT Z o0 Il A A A 3l O S A
fabn FAE SN M3 AE P A % [1H R 50
GiitEam AT e . R, 45 A e RECR .
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Table 2 Design factors and levels for response surface
optimization test of EDTA-H, O, system

i3S

T A

IKF EDTA 1?7&1**‘ , B: C
’ - Ho O WRJE/ Y0 T TR BB 44k 1
(mmol « L™ 1)

—1 80 1 10/1

0 100 3 15/1

1 120 5 20/1

&3 SDS-H, O, & B0 &7 th I L 4L I 361G 1T E = 5k F
Table 3 Design factors and levels for response surface

optimization test of SDS-H, O, system

H %
7K %DS‘/‘\?ZZQW/ B; C,
SOSIE oo % e R R
(mmol « L™1)
—1 10 1 5/1
0 20 3 10/1
1 30 5 15/1

® 4 EDTA-H, 0, { R i W K7 t T 48 4L ik 10 1% 31 77
Table 4 Response surface optimization test design scheme
of EDTA-H, O, system

Ay B, C

S BR AR / %

K5  EDTAWE/ H, 0. WEER —
(mmol « L) ¥/ % gontly  SPRIE B

1 80 1 15/1 49.98 50.66
2 100 1 20/1 50.59 49.91
3 120 5 15/1 47.92 A7.24
4 120 3 20/1 52.54 53.28
5 100 5 20/1 48.90 48. 84
6 80 5 15/1 43.34 43,40
7 100 1 10/1 53.10 53.16
8 100 3 15/1 54.53 53.68
9 80 3 20/1 46.79 46.79
10 120 3 10/1 47.71 47.71
11 100 3 15/1 53.03 53.68
12 100 5 10/1 42.23 42,91
13 80 3 10/1 50.45 49.71
14 100 3 15/1 53.98 53.68
15 100 3 15/1 53.64 53.68
16 100 3 15/1 53.23 53.68
17 120 1 15/1 51.37 51.31

R 5 SDS-H, 0,k & RN 5z # | L 4L X B iRt T &
Table 5 Response surface optimization test design scheme

of SDS-H, O, system

A b C k%

%  SDSWkE/ H O, i AE RN
(mmol+ L 1) wkJiE/% Bty SRR BN
1 20 5 15/1 21.97 21.30
2 30 3 15/1 19.82 20.57
3 20 3 10/1 27.54 26.69
4 20 3 10/1 26.74 26.69
5 20 3 10/1 26.99 26.69
6 30 5 10/1 22.63 22.55
7 30 3 5/1 25.14 25.38
8 20 3 10/1 26.44 26.69
9 20 3 10/1 25.73 26.69
10 30 1 10/1 20.26 19.35
11 20 1 5/1 16.09 16.76
12 20 5 5/1 24.04 23.88
13 10 3 15/1 22.84 22.59
14 10 3 5/1 22.31 21.56
15 10 5 10/1 23.98 24.89
16 20 1 15/1 15.38 15.54
17 10 1 10/1 15.13 15.21

2.3.1 MEBREREREMEISHN

iz ] Design Expert 11 $4i8 73 B 25 44 %) i 36
Bt 47 2 e A5, 43 51 L EDTA-H, O, £
RINAI LR Y, SDS-H, O, AR EBREY,
Shy i o7 A1 $E AT 22 76 181 9 00 A, 45 31 22 35 [n] ) A5 A

Y, =53.68+1.12A, —2. 83B, +0. 6663C, +
0.7975A,B, +2.12A,C, +2. 29B,C, —
2.43A,,—3.1B;,—1.88C,%;

Y, =26.69+0.6684A,+3.22B, —0. 9462C, —
1.62A,B,—1.46A,C,—0. 34B,C, —
1.52A,°—4.67B,>—2.65C,",

2 TR Z2 5% 7 A I U A5 Y R K B b 2 M A
SRR 6.7,

26 FH :EDTA-H,O, /K & [n AL ) P
fBH/NTF 0,000 1, i WA AU 5 A7 % g 19 Sk 2 1 5 T
JANIFG P AE M 0. 176 1, Bi BARE RIS 0R A 5
A A% 0T ] 01 8 v 0000 (0 2 A 7 0 0000 5 A7 1y
HERB R M 0.979 3, R HIZAR A HAT A Y
FIEEME s — R A, B, 25 B R HLAG i 2 1 5%
Wil (P<Z0. 01) , C, % il 25 B 2 52 M (@ 2% (P<<0. 05) ,
AT UL A% PR 280 il R B R s T Ry B, > A >
Cr UL TEIIN H, O, B E B2 X% T R I 58 .
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YEA, Ay C, By Cy X 4l 2= B R B9 52 0 i) 9 3
(P<<0.0D), 1M A, B, Rk 3] i 7K (P>0. 05),

P = Uk 52 B 30X il 25 BR SRR S e 0T Sl
Blcl >A1C1 >AlBl o

£ 6 EDTA-H, O, ZHMEPERBERHFTEZMRBER

Table 6 Regression model coefficients and significance test results of EDTA-H, O, system

He TR 5 A B ¥y F{H P B
i 208. 46 9 23.16 36.73 < 0.000 1 w3
Al 10. 08 1 10. 08 15.98 0.005 2
B, 64.13 1 64.13 101. 69 < 0.000 1
C 3.55 1 3.55 5.63 0.049 4
A1 B 2.54 1 2.54 4.03 0.084 6
A Cy 18.02 1 18.02 28.57 0.001 1
B Cy 21.07 1 21.07 33.41 0.000 7
A? 24. 88 1 24.88 39. 46 0.000 4
B} 40. 42 1 40. 42 64. 10 < 0.000 1
C? 14. 86 1 14. 86 23.56 0.001 8
Gk 2% 4.41 7 0.630 6
I 2.98 3 0.9918 2.76 0.176 1 NS
afi iR 2% 1. 44 4 0.359 8
AR5 212. 88 16
esE R R? 0.979 3
BEIE P2 25 Ry 0.952 6
T P 72 R B Rbrea 0.765 8
RS 1.58
i 17.682 1
x®7 SDSHOMEEPERZHFREBEEZHUHRIEER
Table 7 Regression model coefficients and significance test results of SDS-H, O, system
R 5 A B ¥y F1{d P {E I e
LAY 254,11 9 28.23 34,97 < 0.000 1 B
A, 1.61 1 1.61 2.00 0.200 7
B. 82.95 1 82.95 102.73 << 0.000 1
C, 7.16 1 7.16 8.87 0.020 6
A3 B, 10. 50 1 10. 50 13.00 0.008 7
Az Cy 8. 56 1 8.56 10. 60 0.014 0
B, C, 0.462 4 1 0.462 4 0.572 7 0.473 9
A} 9.67 1 9.67 11.97 0.010 5
B3 91. 94 1 91. 94 113.86 < 0.000 1
C3 29. 46 1 29. 46 36. 49 0.000 5
TR 2% 5.65 7 0.807 4
42 L5 3.85 3 1.28 2. 86 0.168 4 NS
ali iR 22 1. 80 4 0.449 8
AR S 259. 76 16
YeE R R? 0.978 2
BEIE Y E B Rag 0.950 3
T PR 5 BN Rbrea 0.7519
5 AL 3. 99
i 16.652 9

i % 7 Al %0 SDS-H, O, {& & [8] )9 & 8 i) P
{E/NTF 0,000 1, 156 B A8 5L A % o 114 Sk 25 P 5 1
BERLAG LT P B0 0. 168 4, 3 AR BI04 5%
S, e 8 vt T [m] 09 A8 v A ] S (s RS
Bk E BB R? h 0. 978 2, 26 B AR AL R HY 8%
1o R AT AR 5 — K IO B, Xl A 2 B R A W Y

(P <<0.01), 1 C, t &7 H 535
(P<C0.05), A, X4l 25 Bk 2R 19 5% mg W) A g 3%
(P>>0.05), A] W45 R 2 %l 25 B R 10 52 i I
KB, =>Co > Ay s X T R I 2 HAEH L A, By X
Bl 25 R B R 3 (P<<0. 01), A, C, 1Y 5 i
W (P <T0.05), 1 B, C, I3 i A & 3
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(P=>0.05) , A WLAE YA B0 Gl 26 BRA AR S8R 7 it TR0 B HOGS IO 9 26 i 4, SR FE R e 700 Tk 2

Wi WP SR A, B, > A, C, > B, Cs H, O, B2 B 38 18 A BB LE o il 25 B3 5 1) 4
2.2.2 BEEEMZEMMSH BL . IR0 700 o BE L HL O, Mk BE B W T A AR o

ST (o] AR £ W) 7 R TR 5 45 R R RE RS AT K X EDTA-H, O, {& & F1 SDS-H, O, {& % 4l 2
Pt phsr AR i A A A G A sl i BRECR A A 6.7 Bk,

il 22 BR /%

X
% S
& =
+ =3
& o
=
-
1
80 90 100 110 120
A, :EDTAK /(mmol « L")
22 B/ %
20/1
56
> 18/1
X 52 82
3% 50 >
& 43 B 16/1
g 46 g
44
P = 1411
o
121
20/1 120
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Fig. 6 Response surface diagram (a,c,e) and contour diagram (b,d,f) of EDTA concentration, H, O, concentration and

liquid volume to solid mass ratio for uranium removal rate
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Remediation Performance of a New Oxidative-Washing Agent for
Real Uranium-contaminated Soil in a Certain Mining Area
SHI Yingnan'?, WANG Siyu"?,ZHOU Zhongkui'"* ,ZHANG Yishuo',CAI Tingting"?,CHE Bin'"?

(1. State Key Laboratory of Nuclear Resources and Environment ,East China University of
Technologys Nanchang 330013,China;
2. School of Water Resources and Environmental Engineering , East China University of

Technologys Nanchang 330013,China)

Abstract: The removal of uranium bound to organic matter in real uranium-contaminated soil from a
certain mining area was studied by using a combined oxidation washing process. The removal effects of
uranium by two different new oxidation-washing systems ( EDTA-H,0, and SDS-H,0,) were
compared. The effects of key parameters such as pH, liquid volume to solid mass ratio, oxidant
concentration,and washing agent concentration on removal rate of uranium were investigated through
single-factor experiments. The process conditions were optimized by response surface methodology,
and the optimal conditions were determined. The results show that the removal rate of uranium by the
EDTA-H, O, system is 52. 8% under the conditions of pH =4, liquid volume to solid mass ratio of
15/1, H,0, concentration of 3%, and EDTA concentration of 100 mmol/L. After optimizing the
process conditions by response surface methodology,the removal rate can be increased to 56. 3%. The
removal rate of uranium by the SDS- H, O, system is 26. 8% under the conditions of pH =4, liquid
volume to solid mass ratio of 10/1,H,O, concentration of 3% ,and SDS concentration of 20 mmol/L..
After optimizing the process conditions by response surface methodology., the removal rate can be
increased to 29.5%. The removal effects of the two oxidation-washing systems are significantly better
than those of single washing agents and single oxidants (EDTA 24.12% ,SDS 0. 66% ,H,0,13. 81%).
The process can effectively break the complex of organic matter and uranium, significantly improve the
remediation efficiency of real uranium-contaminated soil, and provide a feasible solution for uranium
pollution control in mining areas.

Key words : uranium; soil ; oxidation-washing ; EDTA ; SDS; H, O, ; removal ; response surface methodology



