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Fig.1 Principles of membrane separation technology

PRAE [N S0 30 04 R ER 3 3 T |
2 NIRTE S5 L R BETTE — B IR AL T
W B3] 25 A — IR KIEPEZ R A — IR
FRG T GEE T M, B BB
JEKAL BRI T, BA BEAEAK, 15 RE PR AR, i KK B
U A 2R AR B AT AR E AT AR SR A E AT A
STEEARALFEE U, Cs Am  Pu ., Sr., Co %5l 51 &
JKT7 TR S B AT L BT S MM i e

Kryvoruchko %21 SR FH 46 & - #B 38 T. 2 b 3 &
HICR PR K, LB & i Ry 2% 5 5 A LA
J9°0.02 o FY SR T i Ik ik, 45 SRR W TR AL
SN TSI R IR R A F] 99.9% . K A
I N T o CHELF R /SRR (HE/SA ) 43
TEEZHUNE BT T XL S S 1 1 K
(VD) B W BRP R 235 SRR Y W B AL S 3R
TOURE A T 4™ 80 85 - 52 0 A T e R B i 2 i 3k
357.1 mg/g EAMZ LT 5 /K Ak LR B A S T4k 2
FB BB B AR B S8 37 B R R Ak BRI PR IR
K320 AR T O P 1 KA i B R R AR
FUAEES T IR R ), i R TARGF B 2 55 8%
fit FFE S RU R, 35 S0 T M 198 TS 1 I K Ak B AR
SR FEIAZ Ui TSR 1 A 7K Ak B S 1 SIS

2.3 S FIRERE

NaY HI43F i J2 35 L6 45 2 FF & 19 37 784 43 1 0
TCHUFLAA B, B ) 72 B FH T W B A 1 A S 7 22
P800 S5 GRUIR. LAAG IS I Ay DRk, R FH 7 75 i B s 7K B
Bl 5 NaY BIGOKS:F-Ti%r Al | SRR 48 ELAT AL 41
W B BE , 7E 100 mg/L B & BIA R, 78 pH=4 195
P RGBT 20 min, 4307 X il ) 5 B 2 e R AT
K 21.23 me/g T TR RIE I, A% fE
B, W B2 R R A R ] 22 vk SR AR AR S, Bk
TAHIE AR 1 B .

2.4 HEWMYHERE

A RIR UL B A LA, $2 IR R W) 2
2 [alJ5 [ AR SR, 78 A% 58 v A Ak PR R i) il
AR T —FORT B BRIl T ik - Bl A kB
JeA 1 2 1] 5 Al TR I A Sy K A ik Y
NSl 25 58 A RS B8 L B U 7
(975 3, DT 3 21 4k 2155 il B 00 H Y. 4R R
SEPERUT TIEAR TR LS, W Sl 2 b i A
PR W R R S5 R TR R AR Eh A



46 IR A AR A R

2016 4F- 3 H

T4 v Bl B DA R R Bl A T A 2 2
K pH=3.T=85 °C .Eh=+61.1 mV H?,{%{&EP%EHfD
R EZIE K U0, A1 UO, LA ahe (e 8 i | Bk
BRI 99.6% , BUHR KA

3 HRiE

Bt X R K AR BT 1 RN TR O, AR SE Y
AEFRTT I T A R L S G AR IR R 2 U
F R A1 150 A R A A 25 A A 7K 0 el A e -
G SR B R ¥ 7, AR 2 B R S 7 bk
S AR TR B A WSS 1, 2908 48 15
T TR

R ) 531 S 8 10 P R0 7 BB 8 i Y 4
AR I 25 A 8OO0 AR RE, O & Bl K b B4R
BT F R AR AR A AR K E 2 5 R BRI
S A% 2R W B D7 T A I 5 A

B2 30K

(1] SRR, sk et , £ R, 55, 85 5 33 s xd il iy e 25
MBS MAT AT [J]. F RS2 (AR R
BR) ,2015,02 :42-46.

HU E-ming, ZHANG Wan-gui, WANG Qing-liang, et al.
Study of Ton Exchange Resin’s Static and Dynamic Adsorp-
tion Behavior for Uranium( VI) [ J].Journal of University of
South China( Science and Technology) ,2015,02 .42-46.
Rahmati A,Ghaemi A, Samadfam M.Kinetic and thermody-

—
\S]
[

namic studies of uranium ( VI) adsorption using Amberlite
IRA-910 resin [ J ]. Annals of Nuclear Energy, 2012, 39
(1) 42-48.

TR, B IR, NS, 5. D231 s I R R T
SR BT A P BRI ST ) ] AR AR B TR 2224 ( A48
Bl2£hR) ,2013,01:69-75.

PING Ai-dong, LUO Ming-biao, LIU Jian-liang, et al.Study
On The Properties Of D231 Strong Basic Epoxy Anion Ex-

—
W
[

change Resin For Uranium Adsorption[ J].Journal Of East
China Institute Of Technology ( Natural Science) ,2013,36
(1):69-75.

Burinskii S V, Turkin E I. Fibrous sorbents for removing

—
N
[

heavy metal compounds from waste-waters[ J |.Fibre chem-

istry ,2008,40(3) : 198-201.

—
9}
[

Greenleaf ] E, SenGupta A K.Flue gas carbon dioxide se-
questration during water softening with ion-exchange fibers
[J].Journal of Environmental Engineering,2009,135(6) .
386-396.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Feng S Q,Shen X Y,Ji Y L.Submicron ion-exchange fibers
of polystyrene and styrene-butadiene-styrene copolymer
blends [ J ]. Journal of Macromolecular Science, Part B,
2011,50(9) : 1 673-1 681.
ik BH, ESEF JRUKAL, 558 T 3840 £ A W B AR
2 Jy2 [ 1] AL T HERE ,2011,06:1188-1192.
ZHANG Yang, WANG Li-sheng, ZHOU Yong-hong, et al.
Adsorption Kinetics Of Capsaicin On lon Exchange Fiber
[J] Chemical Industry And Engineering Progress. 2011,
06:1 188-1 192.
Tk RS TEARINL, 5.5 BRI 8 T 34T 4E 5 1
R HXF U0, i BE PR REBIF 5T [ )] A% A, 2009, 09
689-694.
LEI Yun-yi, LIN Kun-hua WANG Fu-shun, et al.Synthesis
Of Carboxylic Ion Exchange Fiber And Its Application In
Uranium Extraction [ J ]. Nuclear Techniques, 2009, 09
689-694.
A TR R O, TS A A B
Hok[1].50518 ,2012,02.100-102.
LI Jian-hua, WANG Hong-ying, CHENG Wei, et al.Process-
ing Of Uranium-bearing Pit Water By lon Exchange Fibre
[ J].Uranium Mining And Meatallurgy,2012,02;100-102.
Chakrapani G.Removal of uranium from drinking water and
other aqueous systems using modified powdered activated
carbon [ C]//Proceedings of the Trombay symposium on
desalination and water reuse: technology interve-ntions in
water purification and management challenges and oppor-
tunities.2015.
Li Z,Chen F,Yuan L, et al. Uranium ( VI) adsorption on
graphene oxide nanosheets from aqueous solutions [ ] ].
Chemical Engineering Journal,2012,210: 539-546.
I A P, S RN AR Lk
AR BBl (VD) ROPERERT S [T ] VL 4T, 2015,
02:89-94.
SU Xiao-long, YANG Qian, CUI Dan-ni, et al. PAN /
Ordered Mesoporous Carbon Composite Material Properties
Of Adsorption Of Uranium ( VI) [ J]. Jiangxi Chemical,
2015,02:89-94.
SRIGEUE Wil 25,32 M, A5k A R O RUCT AR [ 4]
IV LI Gl BB AT 9 [0 R R B R, 2015,
06:1686-1692.
ZHANG Xiao-feng, CHEN Di-yun, PENG Yan, et al. Ad-
sorption Behavior Of Uranium By Zeolite Loaded With
Pcalix [ 4 ] arene Acetate [ J ]. China Environmental
Science,2015,06:1 686-1 692.
PG, vk AR, AR A R IR B 1 M B X U
(VD) HyMR PR fE SALEEL T ] 3R 88 TR 2441, 2015, 02



LIRECIRR

BASREA A 2 Bl A K A BB 5 ik i 47

[15]

[16]

[17]

[18]

[19]

[20]

[21]

705-710.

JIANG Hai-yan, ZHANG Wei, ZHOU Shu-kui, et al. Ad-
sorption Properties And Mechanism Of U( VI) Onto Hu-
micacid/Attapulgite Composites [ J ]. Chinese Journal of
Environmental Engineering,2015,02.705-710.
WKW G B A, A R OO AT X Al U
(VD) HY M R PERE S MLBRIFSE [ 0] FREE R 2412, 2014,
09.2 271-2 278.

XIE Shui-bo, PENG Min, YANG Jin-hui, et al. Adsorption
Of U(VI) By Humic Acid-modified Goethite And Its
Mechanism[ J ]. Acta Scientiae Circumstantiae, 2014,09.
2 271-2 278.

B FEOW AE B S B RTOR K P AR Y
W BT o S [ ] BT e RE = £0R, 2015,07: 1 165-
1 169.

WANG Pan-feng, NIE Wen-bin, HUA rong, et al.Study On
Adsorption Of Thorium From Radioactive Wastewater Onto
Bone Powder[ J].Atomic Energy Science and Technology,
2015,07:1 165-1 169.

Mt iE, R EZ A RN A5 CPERE AT IR U (VD) R
PERTFEL T ] Al ST A2, 2015,01 :51-57.

XIAO Yi-qun,ZHOU Yan-tong, XIA Liang-shu, et al. Ad-
sorptive Characteristic Of U( VI) By Modified Rice Stem
[J].Journal of Nuclear and Radiochemistry, 2015, 01 ;
51-57.

TR B 2 32 ML AT T RR M SR IR AR S
B BIESEL ] IR, 2015,05 :1686-1693.
ZHANG Xiao-feng, CHEN Di-yun, PENG yan, et al. Ab-
sorption Of Uranium With Tea Oil Tree Sawdust Modified
by Succinic Acid [ J ]. Environmental Science, 2015, 05
1 686-1 693.

2 PRIz SR A BR- DU B R R A PR
W ILEAKL)] IR T A2 ,2014,03.:15-56.

PENG Yan, CHEN Yun-di, ZHANG Zhi-giang. Combined
Treatment Of Uranium Mine Wastewater By Zero-valent
Iron And Potassium Tetratitanate Whisper [ J ]. Environ-
mental Engineering,2014,03.15-56.

XS SCH JR 2 XN I, 55 R T8 2= B 5 W B 5R) 14
Foe BB R Bk T U (VD) [T] A (B R
2#4l,2015,09.:2604-2611.

DENG Wen-jing,ZHOU Shu-kui, LIU Ying-jiu, et al.Prep-
aration Of Quaternary Ammonium Salt Modified Sawdust
Chelate Adsorbent And Its U ( VI) Adsorption In
Wastewater From Uranium Milling Plant[ J ].The Chinese
Journal of Nonferrous Metals,2015,09.2604-2611.
Williams K H,Bargar J R, Lloyd J R, et al.Bioremediation

of uranium-contaminated groundwater: a systems approach

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

to subsurface hiogeochemistry[ J].Current opinion in bio-
technology ,2013,24(3) . 489-497.

Giloteaux L, Holmes D E, Williams K H, et al. Character-
ization and transcription of arsenic respiration and
resistance genes during in situuranium hioremediation[ J].
The ISME journal ,2013,7(2) : 370-383.

Yo AN R AR, S5 T4 ) A SR TR X T PR A%
A AT A B ST [ )]GS A 5 Ok 43 BT, 2015,
04:1 010-1 014.

YANG Jie,DONG Fa-qin, DAI Qun-wei, et al. Biosorption
Of Radionuclide Uranium By Deinococcus Radiodurans
[ J].Spectroscopy and Spectral Analysis,2015,04 ;1 010-
1014.

WRAEAE K, X 4, 55 00 AT Pk Vs R AL 3 5 gl 2
IREYHRFEL) ] IR TR A4, 2015,03: 1 141-1 147.
CHEN Hua-bai, XIE Shui-bo,LIU Jin-xiang, et al. Adsorp-
tion Characteristics Of Uranium By Powdered Activated
Sludge | J ].Chinese Journal of Environmental Engineering,
2015,03:1 141-1 147.

WKEE, BR T, SR, SRR AR I T RS U8 R
Br UCVD) B2 m R AR vE [T ] P A (4 o
#%,2015,06:1 713-1 720.

XIE Shui-bo, CHEN Sheng, MA Hua-long, et al. Influence
Factors And Stability Of U( VI) Removal By Sulfate Re-
ducing Bacteria Granular Sludge[ J].The Chinese Journal
of Nonferrous Metals,2015,06:1 713-1 720.

WRAEAT KD, X 4 A, 45 DR SUBURL TS VR IR 4t ( VT )
BRI S LB L) ] P A 8 R A4, 2014092 418-
2 425.

CHEN Hua-bai, XIE Shui-bo,LIU Jin-xiang, et al.Charac-
teristics And Mechanism Of Uranium ( VI) Absorbed By
Anaerobic Granular Sludge [ J ]. The Chinese Journal of
Nonferrous Aetals,2014,09:2 418-2 425.
XRERSC, Tk AR, BARSC, 55 KIAFTA IM109 X & 7K
il (VL) B SBR[ )] B AR R S p il (AR BR
FR) ,2014,01:29-33.

DENG Qin-wen, WANG Yong-dong, LV Jun-wen, et al.
Study on Adsorption Uranium ( VI )
Escherichia coli JM109[ J].Journal of University of South
China( Science and Technology) ,2014,01:29-33.
ThEERR, S /NEE R, A R R Xl A I B AT
RFFELT] R R 2015,03 :825-832.

MA Jia-lin, NIE Xiao-qin, DONG Fa-qin, et al. The Ad-

in Water by

sorption Behavior On Uranium By Three Kinds Of Micro-
organisms [ J |. China Environmental Science, 2015, 03;
825-832.

T/INEE T A R, A K R R N XU S X



48

AR A R e e e

2016 4F- 3 H

[30]

[31]

Kbl B 22 BR [T ] R AR 5O AL 57, 2015, 04
243-249.

NIE Xiao-qin, DING De-xin, DONG Fa-qin, et al.Uranium
Removal From Water By Pistia Stratiotes] And Eichhornia
Crassipes [ J ]. Journal of Nuclear And Radiochemistry,
2015,04.243-249.

R, TR KR, S TR Y — U R i
FIGILLLAR A 43 A [ 1], B A K754 (A AR
) ,2014,04:18-22.

HU Nan, DING De-xin, PAN Chang-chun, et al.
Distribution Of Uranium In The Plant-microbe Symbiotic
System-Azolla Imbircata[ J ].Journal of University Of South
China( Science and Technology) ,2014,04 .18-22.

1 1 S V72 7 o N 1 AR O K 1)1
WA T WESE[ )] TP 4L T,2014,04 . 84-86.

ZHANG Ru-jin, WANG Shuai, HU Yong-lin, et al.A Study
On Application Of Adsorption On Uranium Palayed By
Duckweed With The Help Of Three Kinds Of Acid [J].
Jiangxi Chemical ,2014,04 .84-86.

[32] Kryvoruchko A P, Yurlova L Y, Atamanenko I D, et al.Ul-

(1.

[33]

[34]

[35]

trafiltration removal of U ( VI) from contaminated water
[ J].Desalination,2004,162. 229-236.

WKEE, BRI, X I, R SR YR /i B R
S X7k B4 S R 8 B I RRFIL A [ 0] 52 5
441 ,2015,01 :268-275.

XIE Shui-bo, LUO Jing-yang, LIU Qing, et al. Adsorption
And  Mechanism Of  Hydroxyethyl
Cellulose/sodinm Alginate Blend Films For Uraninm/[ J].
Acta Materiae Compositae Sinica,2015,01:268-275.
EER,ZE SR, EIREI, 55 AL Al R B Al
SRHCR[T] .35 TR, 2015,01 : 145-149.

CUI Chun-long, LI Qiang, WANG Xiao-li, et al.Technique
And Effect

Characteristics

Of Removing Uranium From Simulant
Uranium-bearing Wastewater[ J | .Chinese Journal Of Envi-
ronmental Engineering,2015,01;145-149.
TR Na Y 294K 7310 B4 il o SO0 Bl B8 4 i
BEFPERERDFSE[ D] AR E TR, 2012.
FAN Pei-pei. Study On The Preparation And Adsorption
Properties Of NaY Zeolite To UO,*",Sr*" And Cs*[D].
East China Institute Of Technology,2012.

A Study on the Research Progress in Treatment of Uranium-bearing

Wastewater

HU E-ming', SHAO Er-yan', ZHAO jing’

Key Discipline Laboratory for National Defense for Biotechnology in Uranium Mining and Hydrometallurgy , University of South China,

Hengyang 4210012, China;2. The complex Lab of Fuyang Entry-exit Inspection And Quarantine Bureau,Fuyang 236000, China. )

Abstract ; With the rapid development and application of nuclear energy, the environmental pollution
caused by the uranium containing radioactive wastewater is getting wors and worse, which will also have a
negative impact on human health and the environment protection. Therefore, the effective governance of
the uranium containing radioactive wastewater has attracted more and more attention. In this paper, This
study gives an overview of many traditional methods,like chemical precipitation method , adsorption meth-
od ,ion exchange method ,and some new methods, like biotechnology and membrane technology , which was
applied to solving the uranium-containing waste water. When it comes to radioactive nuclide uranium, the
crystallization process and the adsorption function conducted by molecular sieve have also paved the way
for the study on treatment of uranium-bearing wastewater. 1fig. , 1tab. ,35refs.
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