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Research progress of membrane technology in treatment of

uranium-containing wastewater from nuclear industry
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(1. School of Water Resources and Environmental Engineering , East China University of Technology ,
Nanchang 330013, China ;2. School of Geophysics and Measurement-control Technology ,
East China University of Technology , Nanchang 330013, China )

Abstract: The radioactive uranium released in the process of uranium mining, processing and use poses a serious
threat to the health of the surrounding residents and the ecological environment. Membrane technology has become
an advanced technology for the harmless treatment of uranium-containing solutions due to its high efficiency, energy
saving and strong adaptability. The status of membrane technology in treatment of uranium-containing wastewater
from the nuclear industry , uranium-contaminated surface water and groundwater were reviewed. The research devel-
opment of ultrafiltration , nanofiltration, reverse osmosis, liquid membrane , membrane distillation and electrodialysis
in the treatment of uranium-containing solutions were mainly summarized. By introducing the basic principles of
various membrane processes, analyzing the influence of operating conditions and membrane properties on uranium
removal efficiency, the advantages and limitations of these membrane processes in treatment of uranium-containing
solutions were discussed. In general, membrane technology could effectively remove uranium from wastewater with
good retention. Some membrane processes had certain selectivity for uranium , which was beneficial to recover ura-
nium from high-salinity wastewater.
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Table 1  Coupling processes with ultrafiltration and their performance in treatment of uranium-containing solutions

S A R 118 o , AR LA QIR TR AR 3/ Z7%
BERAAR WERT - MWCOR gy ke B TR 1) A% (Lom™hMPa) it
% — 1 0% UPM-20 Vladipor 20 547,10 mg/L,0.2 MPa 88~91 235~290 (9)
GK-3K GE water 3 H,0,,3 935 mg/L,0.24 MPa 95 64 (10)
9K R g GM-8K GE water 8 H,0,.3 935 mg/L,0.17 MPa 85 99 (10)
PS30 Sepro 20 H,0,,3 935 mg/L,,0.034 MPa 67 216 (10)
N . UF Millipore 3 SDS,65.8 mg/L,0.17 MPa 80.1 68.5 (11)
oo Ak

WA s A CA — 10 Triton X-100,5.95 mg/L.,0.3 MPa 91 — [12)
UPM-20 Vladipor — PEI, 10 mg/L.,0.2 MPa 99.9 396 [13)
CA — — PAMAM, 103 mg/L,— 90.29 — (14)

RAE Wi
RV A CA Fisher Scientific 6 PDADMAC,23.8 mg/L,— 99.6 — (15)
PS-100 Mifil Minsk — PAO,33 mg/L,— 94~99.8 — (16)

T MWCO E/R B 20 F 5 & 5 CA N P AE 45 4 55 5 SDS O+ g SE B BR 4 5 Triton X—100 3 £ B2 JE IR JL ik s PET A 3 £ 05 W J# s PAMAM
Sy TR T i — e B AR AR G40 T s PDADMAC (3R 0 1R 38— H L STk ) 5 PAO S s 12 JOTC KK 3R ik

% 1 A] 0, 3 o % B 3 22 L 0k Hh sl A fk
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P25 5l R R FEL i 25— A R P 3 o 00k 4 2% T 0
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B A 25 1, b A 8BS SR04 80% . E. PRAMAURO %12
FIH TritonX—100 F1 1= T 35— (2N BE B8 50 —2- 25 )
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WA EE LU0 M UO,0HTEASFEAE ;24 pH Ky 5~T 1,
B EELI(UO0,),(OH) FI(UO0,),(OH), TEEAEAE ;24 pH
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Table 2 Nanofiltration membranes and their performance in treatment of uranium-containing solution

N . 5 w3 g o . i %
Hy i SRR OF R AL e SRS iR AL 2
TFC-S Koch Membrane System 0.295 mg/L., 1.1 MPa 97.6 ~23 [4)
NF-1 Sepro 15 mg/L., 1.0 MPa 40.8~84.4 ~45 (21)
NF-2 Sepro 15 mg/L, 1.0 MPa 37.3~96.6 ~212 (21)
G10 Osmonics 2 mg/L,0.1 MPa 40 — (23]
NF270 Dow Filmtec 40 mg/L,1.0 MPa 97 6 (24)
. 2 mg/L,0.1 MPa 95 — (23)
DL Osmonics
1 mg/L.,0.8 MPa 94~98 35~70 (26])
) 2 mg/L,0.1 MPa 99 — (23]
DK Osmonics
1 mg/L.,0.8 MPa 96~99 35~70 (26)
HL Osmonics 1 mg/L.,0.8 MPa 88 35~70 (26])
NF45 Dow Filmtec 1 mg/L,0.8 MPa 81 35~70 (26])
0.295 mg/L, 1.1 MPa >99.7 ~21 (4]
. 40 mg/L, 1.0 MPa >95 10.6 (24)
NF90 Dow Filmtec
1 mg/L.,0.8 MPa 82 35~70 (26]
8 mg/L,0.5 MPa 97 67.4 (27)
P % i — 2 mg/L.,1.0 MPa 91 14.1 (28]

1.3 RiBiE

B i#%E(RO) SUE R R AR T . W X7 T
S8 3% ok FH B BT R BU% BRI R
(0.1~10.0 MPa) . #ig b, R B &g KBRK W T

JLF- B s Qe (L35 JCHLER & s B A P AN
TR A S ) Tl B R AT B FH K o S A7 S 4R T8 R 38 3 T
R K AL PR S5 15 I b LS B, DA b HL b B
AR PR RE DL 3.
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Table 3 Reverse osmosis membranes and their performance in treatment of uranium-containing solution

S BRI il 1 kL FRAE S0 ORI A T 5 VR 3 B4 ) ) HIEER /% ERBYN
BW30 Filmtec R A% 0.295 mg/L, 1.1 MPa >99.7 (4)
ESPA4 Hydranautics Tk i 0.295 mg/L., 1.1 MPa >99.7 (4)

RO Saehan — 0.76 mg/L.,0.6 MPa >99.6 (8)
FT-30 Filmtec — 720 mg/L,5.5 MPa 99.6 (29)
DTRO — R e 6.8 mg/L,7.0 MPa >99.3 (30)

TFC — — 0.027 mg/L,— >99.6 (31)
HR-05 WaterFilter 77 A SR 0.09 mg/L.,— >99 (32)

AG4040 Osmonics R B e 0.187 mg/L,0.8 MPa >98.6 (33)

e 3 AT, AN [A] ) 58 A 77 1 18 38 R0t 7K
TR Bl AR B R I AT IR B 999% LA B o i R Y
R R AL AG 75 5 T B T S P Al K T R
45, IF il oK b Bl vk R R B HE B OR o A0 GLHL
HSIUE % 4£ 5.5 MPa [ 54 H 1 F R A FT-30 2
5 7 R Ak SR N T K Cgh B v Bl 0.72 g/L) L it
USSR K AR R /N Ay JELAA B 309 (A T o ¢
JE R 2.1 g/L) , Bl ER B R GE 99.6% . #E T I 2R R H
DTRO 2 5 i R A 341 28 7% 2 F1 8 U8 I 1 B $h DivE &

Bl K IZ K Bl B B R T 6.8 mg/L, Z AU
e M 3.89 g/L, 1E 7.0 MPa FUFRAE R /1 F & P 4% =
BB E A B K Al BT VR B2 IR T 0.05 mg/L,
bl B8 R AT 99.39% , [a] 4 0 0 I I R 24l 94%
R SR K T 70% .

BEAb, 525 35 78 3 BE E K Tl i R IR BE A 4K
HCEA R K v Al 3 R SR P TR R B B A JE B
To SNUEBAE, B ST RN, B8
WK KGE RN RE . PR, 098 3% T AL AR o
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ZAFF RO KT E & B R £ 19 5 I K 0 Bl AR B RN
54.6% , 1 % & 2 ik R ER 8T I K 1 il RE R 0T A
98% . ATE S IR+ 1 K b L
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FRIR L 0 S K b 22 L Y Ca,U0,(CO,)  fF
1E . Ca,U0,(CO5 ), RSP B, IR & & Bk T2 £k 19 B
FEAK B Al A R AR

S5 3% RE A R B O B W b 25 RS e
Z %% RO Ab 3 5 v] B 82 KA I K SRR K o SR
ot AR B = BT R R BE DX 4 K U T R
W 25 AR P IR R R B -, X T R Mk B
JHCSPE 2 K, G T 7 A R RS v AR AR B AR K Y
BISCRBAL . MAh, B EE AT AR &, % i K7k
Jo L SR TR — BT LR U IS D AL B

2 PEEIE

JIE 25 48 (D) 2 1) FH 8 7K A8 FLBSE 79 00 fr) 2% 350
22 NAL e sh sy s B . B R IR 52k
ARG SR, 5ZEMAL, MD R ] L
fIRIRAZ 17 (40~80 "C) H i & /. B I, MD i 72
RESE A B T AT I B8 Ko RS At R At | 4
R BT, KT il A A R R AR AT B K
99% LA I (4l 85 o BL/INREEDO SR H B 48 B AR 18 vk
(VMD) kb 3 i B9 & R 5 mg/L ) & R 7K o & P04

BHEREE N 55 °C, FUH#MIE F1°8 2.66 kPa i, 2 79 /s
T FL IS %) 4l 8% B3 R 4 99.1%, 38 & M 3.5 kg/(m*+h) .
AR A7 S5 3R DU 6 20 Hh A 2 A I AL A Ak B
AR TC A A 7 T 2ARTRUE K o S5 3R R, R R
W EE R 75 °CL AR B A2 KT 99.99% , JE i 1 ) B
2.2 L/(m’+h) , Bl A5 32 47 B[] 2 K I3 o 52 B0 [
o IR T Al B R BEAR T 1 g/, W KR
FrifE . S. YARLAGADDA %55 5% FH B2 422 firh o i 2%
TR (DCMD ) &b PRl 5T 1 VK B2 R 0.1~0.4 mg/L 1Y L
K, B BAFLAE A 0.22 wm [ 3R PRI LR DU 3 2 05 1AL
R ET BE A5 B K T 99.5% 1 Al A 78 M 58 , LK 3 i i
2 B 0 7 25 R Y T R ) 4 R4 o

A SRR b i e B BB MR EE X MDD K i
it A B R 1 5 e A BN (<5% ) , R TR R E
TP I K T B G R K A B B g MD 3 R T 4R
5 A G e R O TS M K, A S0 /0 [ Ak A B 9
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W 5y 16 MG THT IR R 45 b, 38 BT s, O 4t e 3R
T P 2% M ol 45 6 Vi) 3 XU 398 K o
3 AE
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SN e e R e R e Y N
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VP RT3 Sy LR I RS R . FLAk
V5 2 ) 2 T A KA FLOBR RO L K i FLIR WO S
JERH R L TR 0 1 il B9 0T DA SRR T AR R FE
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R I FLAR A W 4 1) & Al v v . L ARV B g
% 2 ok T [ W K W T RS 4l . PL ZAHERT AR
oK 2-WE Wy Bk = U A (HTTA) A #8814 il 2% FL Ak
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SR FH T 1 R K s T R 2 TS P R0 o 2L Ak 7R
FL, A A5 0 ] 2 YA 1 ik e B L VR K 2 O v
Tl I e B A 19 /L, il [P CR R 99.6% . L Ab
i 35 7E HTTA/Span—80/ 7 1Y 71 AH H 5 fin B i 4 71
CANER ST 0 ) A v e 2L 8 i 3 R ik 23 4 ol g
iK% 0.39% A1 0™ FL Ak V0 B 72 b 25 4 o K LA
(RS TTE AN 8 Xy E vk =2 63 SR Y W (E 2 8 N3 ¥
Tl A A2 0 3L W L T2 R I R e M Y BR A

SN T R F S M 2 FLE VR A B
L BME TR TN . o B LA RN I
A YO 3 00 BT VR RN, ) FH R R P e A B A
YER K1 53 B0 Jo0 DA 000 2 i 80 B el . I e
FH ) Z AL AT TR VU S 205 B (PTFE ) L 23R i 98 £ 4 g

(PVDF) RN (PP) A . S A i) I #E 2D
HEA AR B Sh i 16 DR , X4l o3 Bk etk
o C.S. KEDARIZ“RH =234 fb#E (TOPO) /- —
Lt RS /PTRE SCHE MR, Ab PRS2 42 i 15 1 (an A"
Ca™ .Cu™ Fe’ Mg 558) () ik /K o 455 R 95% 1)
il I 380 B AR TR e T A 5 T LT A R AR B
Ao FEANEE 2,75 o/L AL 149 mg/L 1 HIE K BT,
eI 90% 1 Bl ik A B 52 25 BURH Hv A 8% 1184t 2 H 3]
SAEHOAR SR, T 28 A BB T ) s 2 0ok K 3
) 5 IS AE LR Y S WA 1 2 A 390 it 2 1)
(B0, 573 A | S TR BB () A M 22 BBt A O A

B8 35 N AT AT SR AR A R Al I K R R R
PEWFSE AT T g, Bk L3k 4,
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Table 4 Performance of liquid membranes in treatment of uranium-containing solutions

TR o) Ik % 10 35 ) S PR PR S OB O B VRS  pH) B BR%/% 52 3Gk

HTTA Span—80 23.8 mg/L,5 99.8 (39)
RN TBP Abil WE 09, PAM-co-PAA 300 mg/L,4~4.5 96 (40)
MBI HTTA Span—-80 , 4Ll 25 mg/L., 5 952 (41)
P Span—80 100 mg/L,— >99.5 [43)
TOPO PTFE 50 mg/L,— 95 (42)
e Aliquit336+TBP PP 45 mg/l,,— 42 (44)

Ty (R
XEBBE D2EHPA PVDF 0.1 mg/L,3 98 (45)
TODGA PTFE 18 325 mg/L,— >75 (46)
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