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Abstract Considering the difficulty to recover trace uranium in organic phase, Na,CO; aqueous solution was
used to strip uranium, then the amidoxime adsorbents were chosen to enrich uranyl in the aqueous phase. In the
stripping part, the kinetics of stripping, the effects of the concentration of Na,CO; and phase ratio on the stripping
efficiency were investigated. Then, in the adsorption part, the effects of shaking rate, the mass of adsorbents and
the concentration of Na,CO; were studied. After the validation of the recyclable performance of the amidoxime

adsorbents, a process for recovering trace uranium in organic waste liquid was proposed.
Key words amidoxime; (NH4)4;[UO,(COs3);]; adsorption; organic waste liquid; stripping
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Table 1 Characterization of the PP-g-AN/AA and PP-g-AN/AAm
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Fig. 3 Effect of the concentration of sodium carbonate solution
on the stripping of UO,>" from organic phase

IO e ol RIS e g R B A R A T Al 9 Tl g . mT LA
TE 2T MARFRAY NayCOs I WO RARF A HLAH 4T
JFE, FAF K AR TR Bl ok BE AR BN . B, FRAT]
2 S HL X AR I R

TKAERT A BUAH Fh gk A S A8 8503 Bl A L 19 22 Ak
B 4 rn. B AR 2 39 3] 8, Na,CO; ¥ U bS
TBP—+ B i U0, Y I FE R 2 78 90%
LAy, XELULE S AH B R 8 B, £ Na,COs ¥ Il S
B o S I S (17 Ot I Sl O O S |
I, XA ML VB R B A ) IR O R 1T R B S 3 Y
JRFEAALL, BB RO A e s, AT I T S IR

100
— . e, "

80

60

E/%

40

20

7 (CO5*)in (UOL2T) = 100, [UO,*"] = 5 mg/L

B4 #HIENRENFMW
Fig. 4 Effect of the phase ratio on the stripping
of UO,”" from organic phase

e FE M BRE AR T WK R Hh il B4
24 ZBREH

N T B R AL P, A
Feoh 8, AHUAHE N 5 mg/L, Na,COs W JEH 16
mmol/L, #47 =R ALK, Z5R LI, WL K%
A, LA 99% Lk _E Ay HE A Na,COs %
5 =GR FE T, AKORH il ) v B AR TS RS
B DHBL, SHAHUE R Z Na,COs % 9 9 2 %
J&i, A ALAH H Al R B A T 0.05 me/L, BRI FHH #L T
AT AR
2.5 HR3%IE Z X O B i FE AU 22 i

I 55 o 238 X1 g ey 5 2 S A 8 5 44 7 1) 5%
mE s g, b FUHE T —f el i, R
DR AN 0 (MRS R, TASH]F U0, fnl W b
MR8 10740 5 2 23 0 TR AN 2 52 i W B A
B PERE . PRI, 78 GRIIE [R)RE ) W BT 67 A (]
(SN, AT DATE PR R 5 3 38 A 7 R B S
26 WMzhh=REHMEE

P16 Ay B[] %o 115 i g S R A ek 0 A4 2 2
KA R . AT LA B, R AR R T B O
JoBEI ] ¢ WK, 25 LIRS, BRIk BT
X PP-g-AO/AA WLFRATRE, 12 /1N 32 i 3] W Ff
A, X PP-g-AO/AAm WL AL, 8 /NI iz HT ik
PN B, A T AT, 5 SR B W R S5 A S
Wz B (R 358 12 /N

PR 7 kgl 140400 e T A T ey R B e i o
RHBFN . 7TLLE I, 7EF T e B I, W Bt
AL W B O Bl EE Co B M TH G, BT Ik

I5r 4 PP-g-AO/AA
= PP-g-AO/AAm
12+
~ o9t
‘th A R . .
on A
E 6 .
~ n
S . - "
3t w
O .

0 50 100 150 200 250
WHEFE /(r-min™)
m ik =30 mg, [U(VD)]=30 mg/L, V=10 mL

5 ¥R iR B X B S IR B A AR B B 2 T
Fig. 5 Effect of oscillation rate on the adsorption of
UO,*" by AO-based adsorbents

1053



R MARPIER) 528 56

2016 45 11 A

4 PP-g-AO/AA
12+ | = PP-g-AO/AAm

Ql(mg-g™")
[=,}

0 4 8 12 16 20 24
t/h
m s =30 mg, [U(VI)]=36 mg/L, V=10 mL

Bl 6 B 18] X 4 B s L MR B A 43} I BAf A8 3L
R FEIKAE o 4 B B
Fig. 6 Effect of time on the adsorption of UO,”"
by AO-based adsorbents

Bria PP-g-AO/AA
® PP-g-AO/AAM i
20+ 1
=~ st
o
on
E 0
S
5 L
0 L

0 20 40 60 80 100 120 140
C,/(mg-g™)

m okt = 30 mg, V=10 mL
B 7 SHERIGE IR AT X R A B IR B At 34 U B 75 28 B9 S i

Fig. 7 Effect of the initial concentration of uranium on the
uptake capacity of AO-based adsorbents

B —AF 5, HYIs B4R R Ff . PP-g-AO/AA FlI
PP-g-AO/AAm X I it W i A4 ek 26 A5 40 S5 #2 7K AH
XoF A Ay i KW B 25 £ 43 3114 18.74 F1 4.89 mg/g .
2.7 ExERIAA TR AYIR BE X R Bt B 22 i

PRI A [T ML YA %) Bt Bl 5 FH Nap,C O i
VAT RAE, T LA 88K AR COS™ ¥ B X A8 fie 5
B B Ak W R AR 4 S e S AR R MR . A T
LR B T 5 2 3 A LR WY Nap,COs WA 18
YR BE SRR, O A WA R A B SR AR HE . 1A 8
h NayCO; 7 T e FE 1) B0 AR Xof W R R el 0 5400 S 46
KA Ol B RE R s e . T LR, R4S PP-
g-AO/AA W B A4 kX5 4k (4 W Bt 4 B8 He PP-g-AO/
AAm W HARHFR Z, (HRBEE IR COs> W

1054

EFE, K COP&AfRIE S U0 iy Bid iy, i
ot A 110 W B 5 R R R B . 24 [CO5° ] = 9 mmol/L
i, PP—g—AO/AA Wi Bt 1 R B S550% R R T 95%;
B & COs™ Mk B 4k S8 K, %A RS 0 Bt 4 . i
Xf T PP-g-AO/AAm W B B4 #F, 1 52 56 BF 58 1Y
CO5™ ¢ 2 ¥ [l PN X6F il 1) W A 358 3R B s 72 25 % 72
o K, PP-g-AO/AAm W A4 L BT 38 ] 75 5 58
(49 COL™ e 2 T 181 P X Al 1 A7 [0

SEG IR I I B, o 20 I B S 5 %
P 5 IR il KA Na,COs 5 4 HLAH
U0, WY EE IR He KT 30, 1] 3 PP-g-AO/AAm I
B A ASE X6 AR v 8 b R AT B A5 G SR R A B 4 o
JKH o NayCO; 54 HLAT H UOS™ A BE /R L 7E 20~
30, W RFFERY 58 PP-g-AO/AA WL 44K 5 42 K A
HF PR il S T B A SR
2.8 W Bt A L3 A 2= %ot AR Bt Y 2 Ml

i TR TR COs* 5 U0 A IEE /K LL7E 10~903
FIP, PP-g-AO/AAm W Bt AL U0, iz i sk =R
FaETE25% 20 A7, AT Ja 2ok 34 hin H A ] 4ok 55 31 90%
DAl i W B o . AR R, RATIAHEE T PP-
g-AO/AA W FFHAF L FH 2 X 0 B R R B i . 18] 9
SRy AN ) I 2 1) W RS A Ak 7 S0 5 A 7K AH ekl 1
B3R B W B A S Ak . 1T LR Y, 38 K B AR
B A AE 018 J550 o, BB SZ A AR Hh X ) R R 5
B B TY, B T R R, X T PP-g-AO/AAm

Cy co, /(mmol- L)
1 2 3 4 5 6 7 8 9
100 [ T T T T T T T T T
4 PP-g-AO/AA
30l ® PP-g-AO/AAm
60 -
=X
3
40 1
N A n u -
= [] [
201 - Kﬁ_‘_
A
0 -

10 20 30 40 50 60 70 80
n(Na,CO,): n(UO,>)

m =30 mg, [U(VD)]=25 mg/L, V=10 mL

B8 AR ZE KA R ER SN A i R B X4 B A5 B R B
Ao A IR B 14k B B 2 M)
Fig. 8 Effect of the concentration of sodium carbonate
solution on the adsorption of UO,>" from aqueous
solutions by AO-based adsorbents



WA RAE A AL P il A el i

100 F . P

80 -
60 1* T
s | o
-~ =I¥]
=3 £
40 + =
12 Qi

20+

L ]
ot (@ 0
0 20 40 60 80 100

p(PP-g-AO/AAM) Ag-L)

100 110

80 18
© 60 16 ko
-~ =1¥]
= 40 4 £
- Si

20 - N {2

o+ (b 1o

0 20 40 60 80 100

p(PP-g-AO/AA)/(g-L )

[U(VD)] = 40 mg/L, ¥ = 5 mL

9 PP-g-AO/AAm (a)Fl PP-g-AO/AA (b) R Bt 1 4 49 455 FH = 3eF IR Bif 350 2= ) 55 Wi
Fig. 9 Dose effect of PP-g-AO/AAm (a) and PP-g-AO/AA (b) adsorbents on the adsorption of UO,*" from aqueous solutions

W BFF AL, 1 R B A 8} T i 5 AL S A K AR AR FR =2
LR T 12 B, % 4l 9 e B &% 32 0T 58 90% LA | X
T PP-g-AO/AA WL R A4 RL, Bifi 5 W BFE A4k A ol ) 4t
BN, R IR B AE S BOK AR H BB K 7 A DT
E (W TP TS 22 vh s VRORS E R R B R ) . PRI, 2R
A2 7KCRH Hh il B4 1SR g 2 #F PP-g-AO/AAm W i}
WAL, 45 O B R R B S KA Z R T 12, ATak
1 90% LA LAy W B RCR o
29 WEM#HPHESEF A

% F 200 mg PP-g-AO/AAm W2 [t 41 %, 7E 10
mL B A KM U0 s, 1 mL HE N
1 mol/L iy HCl ¥ W 25t 2 /NI, AT LA B
85% - 41 1 U0y, EHER TN 13.6£0.3, KM
Jei W B A RE NaHCO, %5 s 2 b v, ki T
W I Ak S FH T DABEALLIS ZE AR FR I B U0, FEI)
B 55 it W AT 2R P 5 5¢ PP-g-AO/AAm W B B4 4 4
R

Kl 10 fii£ PP-g-AO/AAm W [ A4 BHE 5 IR A
TAVfolE FH v X i ) T B CR VR R . AR S RIS
ffi )5, PP-g-AO/AAm W A4 X il 1) W o 455 o3 A4
FEPE 90% L) |, JFBEA 3G K . X 0] B2 B 40 Ik i
FLAFE 1 mol/L 1 HCL ¥ W Hh & A /K fff s A, HL Yk
ISR I AR AE 80% i hi . 45 R FK W], PP-g-
AO/AAm W ARG A 1t o 52 1 F A o

BT DL BB, TS A LR P i
i E LS R R (R 1),

3 #ig
ASCBET T A A WU P R il Y 4 )

COMRE ez i

100 4

801

601

El%, RI%

40

204

m owgprs = 200 mg, [U(VI)] = 40 mg/L, V' = 10 mL

10 PP-g-AO/AAm W iF RGN E S F H 4
Fig. 10 The recyclable performance of the PP-g-AO/AAm
adsorbents

W R, JERE A T AC SR S8

1) fi Fi Na,COs J 85T 55 Bl A B 8 fal 2 Al
PEAT A, PEHIAHEL R 8, /KA Na,COs 54 HLAH
U, 9 B IR H R 20, 7T 76 £ 5E K AR AS H 3040
LAY UTTE B RTHE T 38 5] 90% LA b 1) I HERLR,
JEE AP Smg/L MRS £ % 37mg/L £ 4,
HKHH CO MR EE JLF- R J5 42 PP-g-AO/ AAm
Xl 4 [T . 280 NayCO5 15 9 1Y 1 4 2 B F—
K I R AEROR AR B 5 99% o

2) i it PP-g-AO/AAm W FEA R T RLALL
FKMP A EE. 2 PP-g-AO/AAm W 44 %}
)i 5 A KRR R T 12 B, PR35 8 /N
RO AT IR E] 90% Lk - féy 4l i WL B RS0 . B R AR Al 1 T
BRI R S A K COL, nIAE N I A K A AR 34
R o F A i ey 5 M S A e 5 e 3k 380 - ¢y i

1055



PR R (AR 55 52% %6 2016 4F 11 J]
Na,CO_#
B AxNa,CO Wl HCI
%ﬁ%@“ ﬁ%ﬁgﬁ RE K B B SRRk
HHLBER el 2 Rk
W BE R W, Bk
(LA
HHAb

NaHCO4b#  |+—H

B 11 2mENERPRESHNEEDBRER

Fig. 11

B, AFIT A =SB o nl LUB IR 4 U
J142 e A Sy SRS T S 2P T 9T A A I
AT R, JTRAEZ A s a4, DU USSR |
S o B RCR o

3) PP-g-AO/AAm W [} #4 A4 78 ¥ & > 1 mol/L

1) HC1 W I 2 /i, AT LLIA 3 80% 11416 i &%
K,OEERT N 13.6£0.3, £ NaHCO; 4b 35 7l LA
PEERE T

(1]

(2]

(4]

(3]

(6]

1056

£ % 3Lk

Li C B, Zuo C, Yan T H, et al. Study on the
technology of U-Pu Co-stripping process for reproce-
ssing spent fuel of fast reactor. Radiochim Acta, 2014,
102(12): 1075-1081

Wei M, Liu X G, Chen J. Agents and processes design
for transuranium elements back extraction in TRPO
process. J Radioanal Nucl Chem, 2012, 291(3): 717-
723

Birkett J E, Carrott M J, Fox O D, et al. Recent
developments in the purex process for nuclear fuel
reprocessing: complexant based stripping for uranium/
plutonium separation. Chimia, 2005, 59(12): 898-904
BTk, U, BRRARE, 5. TRPO W U MR
# 1. REMMEE. ZA 50k, 1999,
22(1): 22-28

Annual Report 2011 [R]. International Atomic Energy
Agency: Vienna, 2012

Egawa H, Nakayama M, Nonaka T, et al. Recovery of
uranium from seawater 5. preparation and properties

of the macroreticular chelating resins containing

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Scheme of the process for recovering the trace uranium in organic waste liquid phase

amidoxime and other functional-groups. J Appl Polym
Sci, 1987, 34(4): 1557-1575

Kawai T, Saito K, Sugita K, et al. Comparison of
amidoxime adsorbents prepared by cografting metha-
crylic acid and 2-hydroxyethyl methacrylate with
acrylonitrile onto polyethylene. Ind Eng Chem Res,
2000, 39(8): 2910-2915

Rao L. Recent international R&D activities in the
extraction of uranium from seawater [R]. Lawrence
Berkeley National Laboratory. Berkeley, CA, 2011
Kim J, Tsouris C, Mayes R T, et al. Recovery of
Uranium from Seawater: a review of current status
and future research needs. Sep Sci Technol, 2013,
48(3): 367-387

Yue Y F, Mayes R T, Kim J, et al. Seawater uranium
sorbents: preparation from a mesoporous copolymer
initiator by atom-transfer radical
Angew Chem-Int Edit, 2013, 52(50): 13458-13462
ekl R ST ERCEOR MR T B A K SR AT Y
ok J SR, R ER, 2012, 25(3): 129-139

Fve WL TR A T B VA R . R T RERL AR,
1961, 3(3): 148-156

Kabay N, Katakai A, Sugo T, et al. Preparation of

polymerization.

fibrous adsorbents containing amidoxime groups by
radiation-induced grafting and application to uranium
recovery from sea-water. J Appl Polym Sci, 1993,
49(4): 599-607

Lin W P, Lu Y, Zeng H M. Studies of the preparation,
structure, and properties of an acrylic chelating fiber
containing amidoxime groups. J Appl Polym Sci,
1993, 47(1): 45-52



