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B R AR TF B — 1 W B AR AT LU Bl 22 FL 45 AR RN K A Ll 3 TR A R B Ak SR, ok ko H R i
BRI TG, KAl BE S T U T e R R E A . ZHAO SO 3 T —Fh B 4N K LI Y T BT AL
SR I R B G T 4, i W B TR R R AR KR X Bl I B R R AR 17.6 mgrg !, BT & AR (]
30 U, KRR T A A, WHEIPRN M E. WANG %5011 52 6 7 16 45 MiURR A0 A P 25 0 5
Ja &, A B R - R S R e AR, R SR e e /e R R 2R I 4 K B S R A ST A R A
S REWG A M DB L, BB G AR A A S K T B 56 d I B o s E
58mgg'. LUO S5 il T —Fhn] A /K ih il AR 19 4 B0k 19 SR LRSE o 3k o LSS Ak 8 ok
H IR E AR 10 L R ARIEK G A 3B 27.81 pg Bl , 0 A9 A 7= A K24k 275 $-kg '

KR H A e S5 A R O RS T s PR R A A A I T AT, AR R IR E  B 4 R A B AR
PR ) U R HE LAY SRl K A 0 B TR R RE R 50 g Lo S T AR 20 SR AR T K
Bl e R R B RS R T 144 pg LT HAT, B E R AR I kA R A S
(ICP) Bk FHECAR , A4 v B & 45 B8 11K & 31 63 7% (ICP-OES)!! . H JEH & 45 B K BT 1% 1% (ICP-
MSU K IE S F IR OGS (FAAS) . 720615 2 M3 6O BE U, A i 4 5 AR 40 01 €8, 22 (1
FEREIN A b i o DL 1 ik B SR AEAG DU IR mT LA G BI85 v RS A B, (R TR SN IS i B ), X
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Ty KR REAS o R T Rk R AT AR, A TR B — A bR | R B AR I A

e — b KSRGS YT, AT DU o 4R, DR AT DL Bl AR S R oo 2 1 TS Y R
ASC, PR G 0+ T T o R, Sl R v R A . (R o SR ST RER A A L A
JIARET, AETUAAT I PR AS B (1) 5 G 26 TN 2 B AR DU Al , S man ks g 2R . PRk, ) o RS
YL PRI AS TG BT A7 R AT R AR A %l AR B AR AN ) e TE U, A AR 22 BT R R, SFA FE
T B 500 DR L SR 1 T4, LRy ARR . R AR L R IR A B A L S ) W R o 3 TSI S R
ko BRAh, ST B TG B N AL AT R RR T, WA A T R DR R AT . SRR
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FREZE A %o 5 ek AR HEAT 1 22 . S Ak b i e B 9 R e g R ) ke O 1k s 00 A Ok
PF, R o 8 Gt RSO B 4R B T ) o ok P HEAT I, TR B [R5 v B R K B A
D25 J T2 K Al o f v B S ISR I o b P I DG R i 2, At KA TR UV 1 5 ok 3 HL 30 TIE K
7R RSB RE , B AE R o0 L A8 T A SRS 0] 7K Ak m i Joi o0 3 B8 19 S B i 16 2 %5
1 #R5E%

1.1 XWHm

RN NE B (PAN JBE, £L42 100 nm) I T ) M i 5 K A A FRS w) o =% W 0 B e (T,
99%). MR % e (PDA-HCI, 98%). % [k Bk W fe (PEL, AHXf 4r 7 FG & 25 000). A wk 2, fiff iz
(MES, 99.5%). N-¥% % B8 31 Bt W i (NHS, 98%). 1-(3-—- H &( 3 4 %%)-3-2 JE ik — W i £ iR £
(EDC, 98.5%) W T2 se MRA AL BHEE A TR A |] 5 BRFIE-B-PAMIKE (SBCD, 99%) M4 T 75 M K 1 2% i
TE2ERHE A BR A A SR A RSER N IE (99%), MM I (>95%) ¥ A 5 H 25 fb =R A A Rl . 5L
5 K BB FK,

1.2 SKINERE

AR S G FH 1) S SR X B AL 5 3 & G L B UBR (SEM,  S-4800, H AW . BT B
(AFM, Dimension Icon, 32 [E 4k Bruker /A ), {8 B AR {21 4 6 3% (FT-IR, pectrum BX00, Perkin-
Elmer), X §f £kt H FHE1% (XPS, K-alpha, 3€[# Thermo /A Fl). X 44k fEi% (EDS, NORAN 7, 3%
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[ Thermo 23 7)), o ki FHEMAL (A #F).
1.3 IRIAM-B-IA WIS PR AV HI &

A S0 27 ] PRSI ) 3 AR Th 1 5 1A 1) B B F G -B-ER IR L, 0ol i PH SRR S B
KR PAN I 24 h, DL L BR R W R BEOF #4715 5 W 7 fL . 7E Tris-HC1 22 »P i W (pH 4 8.5 +
0.2) 1, JA PDA, FEFEHI24), IEMALE & PEL, ¥ PAN IR7EE R NIRI 2 h, 7R B i 2L A
M E H 9 PDA A PELIR G )2 o 14 BRH W -B- PR MRS 1 992 538 3 4 NHS Fl EDC 1R A ¥ W b 647
G4k o ¥ PDA/PEI % Fff 9 PAN JI 5¢ 42 V2 Y0 76 35 FOME-B-PR MRS VA b, ZEIRE 25 ¢, B3R
150 rmin”' Z50F T 4R 24 h, & T IRHBE-B-FAMIKG IR, i 45y CDM,

1.4 CDM RYRAE

FH SEM X B iy 2 181 RN T 182 30 E AT 40 B 5 1 B AFM R WL 284 i 3R 17 A BB B2 5 fH ] FT-
IR 1 XPS FH 46 0 5 36 T fb 24 B 5 i EDS X B 4 22 Ji5 A 42 & BREIEA 740 B, 1R 9 8 36 i
JCE W4 At O
1.5 FEAY 78 IR M S2 3

4 CDM il & 78 il ALk, oK H i R O R e Sy ok B o R b &
BRI, SRR R R AR ) o A SR HEOK R B W, T U AR S A
AR ARG /N AR T B T A 0 o BT A O A S A e T 4 AT AR L
1.6 FERME o KL TN

o K7 TR 25 R F V- T RE (PIPS) 2 ARSI AR R o R T, o B 7E BRI 45 0 R AR AR B 7= A
HL =28 7O, -2 SOMFESN L S R R IER T AR S, BRSNS o ki hEE
A, WL LAR = 38 Ak F far R BRI O B AT AT R, TR UK E S, kPR S i i 2 8 o b
AHEATORAE | WA SR 2 BTG Y, ST R R B B LR AT RS o b, AR I
B, A s AR R AT AR

FESEATIN T, B XA SEAT R I 20 B . RIS B T W A 4 R 2 R AR b i g B
A, P12k H 2 W /N I A 0 7 I B R AT . 2R SR U g X A T
B, R (D) KT UV BT R KF

oo N

envVT

Krf: COHMMBRMKE, pg L™ NAATHE IS IRIIECR; VAKFESESER; Ly phEE
UK T RIS, s,

TESCEG b AR, A% R [R) 4l BB VR (80~8 000 pg L") MUVE M, FHB HAE MW IR IA T . B
B U(VI) ) CDM(CDM-U) M st 3855 B A B, E 55 °C IOMLAE LT, RIS ICE A o 1A Y
o, R R R T Y o R R AT AN o P AR R K VA A o R ROR . (T A T 2 R TR AR AT AR
Ty, VR R O A ORI AR T, DA B R A R, DAt B s b Oy R ) RS
DIREE R R T o Jehe, P W BT IR B bR v R AT T8, P o R A I S 1 58 5 3 T 1Y)
ok FEH .

2 #HR5TR
2.1 CDM HIRIE

Kl 1(a) M 1(b) 43 5 @78 T PAN Ffl CDM W R E R A& . AT LA H, PAN KRB MW, i
CDM 9 52 17 HH B S R R, X S B TP i 45 2RO — 3, eAh, EBIIE 1(c) FIIE 1(d) B AFM B4
AT DL 2 3= i 1 SPCD ¥ i Y I i B TR A B R ek AF o PAN 9 SF- YRS 4 11.3 nm,

)
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200 um 200 um

(a) PAN K[ SEMIAZ (b) CDM i) SEMI&I {4

P /um FiJ/um
100 [ 140

(c) PAN FKfift) AFMI&I % (d) CDM K fift) AFMIEI %

E 1 PAN 71 CDM KR HE A SEM E& R E AFM E&
Fig. 1 SEM and AFM images of the surface of PAN and CDM
CDM 9 F-EPHIBE B4 9.17 nm, 2B PAN 3R 1 2% 7 ALY I .

SRy ik — A W RE 2 A 0K & 75 O SBCD, A FT-TR il XPS A6 0 2 1 4 A, 45 - ani&l 2 Firs .
it FT-IR SGal %) B3R 18 b fe A iy Ak 2= PR BT e ATl 58, 45 R ANKEl 2(2) iR . ATLAE 1, PAN7E
3418 cm '(—OH), 2950 cm '(—CH,), 2253 cm '(C=N) Fil 1 680 cm ™' (C=0) Ab A £ 76 R AE 16 B, 78
CDM 1 FT-IR Y635, C=0(1 679 em™) ¥ W& {ELAH 4 T PAN (1% W A8 & , iy JH: b i) g {15 G B I A
fb . X ] fE & SPCD b Y ¥R B S EAY, UE ] SPCD ¥k i M HE AL B PAN B . b, ib i it
XPS PEAL T il & B fb 2 AL . i 2(0) iTLAE H, 5 PANAHLEL, CDM H N I R A X & &2
ik, OJTCHEAMAX &, WikW] T SBCD # M U #2431 PAN B3R PV, PAN A N1s JGi% Al 43
2N FEWE, 7T 397.8 eV FI398.2 eV, 43llXt ;i FulbBE N AL NP (i £ CDM Y N1s Stk ,
i T IEIE N(398.2 eV) FIILIE N(398.5 eV) Z 4k, HEL T NH,(398.8 eV), %Ik A T 15 3% i 7 i iy
£ M2 . PAN Y Cls Y615 7E 284.1 eV il 285.1 eV Ak Y 2 4S5 43 5l % 8 T C—C Ml C=N, 1E
CDM 1 Cls i, B T3l AT PDA HIPEI, C—C I T 0.6eV IR, C=N g4 T ms
e, N2852eV. AN, BHFLC=0 Fl C—N K 2N HE, 435100 T 284.4 eV Fll 2858 eV, IEM
SBCD T 45 A #1) i 2= >,

2.2 CDM i & I B % &

FEFR A ST MKW B 3 7 #8080, IF il A — R — G R B A T A, AR A B
A7 i R RN B A 20 7 S HLEE R AR BIALE S8R 1. 78 25 C 19 U(VD) %W (80 mg L) HhigkfT
W B 50 7 2 S, B Al ] 4300 5. 200 30, 60, 100, 150, 200 1300 min, RIS LEE,
WG B A LS BE (R e T O — G BB A B LG B, 3 3R T R SR S R B =z T Y
W 6 2 Al 2 W B, Bl 2 R T 4 S 4 A T SR ORI T P O R R 5 T S A3 R e AR
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BEUem! 4t figleV
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398.5¢V 284.4 6V
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i fglev “iifigleV
(c) N1s/rigfA (d) Cls/rigE

2 PAN #1 CDM HJ FT-IR S£3& %0 XPS 1% & Cls. Ni1s 53 IE [
Fig.2 FT-IR spectra of PAN and CDM, XPS spectra of PAN and CDM with high-resolution of N1s and Cls

ik, F1 fh—REEAN T RIER
; WM zh 125

ihD BB I % - G Bh

I8 &1 EDS RETHMLSE CDM-U 1l 9 1 i 1 Table 1  Adsorption kinetic parameters of pseudo first-order
o MK EDS MIRIZCR , ARSCEXT 80 mg- L™ model and pseudo second-order model
W B W T ug, FEWE 2 h e, MEERTH it Geea/(mgg) R K/min
i) EDS REiE 25 R LR 2, R U M =05 th—Gsh F12E 0512 100.29 0972  9.39x10°
A 1.68%. 3+t & 3 WL 8% I8 22 1 4l i 4 A 1 Dh—Zzh )5 ke 126.58 0982  6.84x10%
W, RTRL L, AEORBCA B B £2 CDMAUM EDS fEHER
b derh, (HEAORE, BT R AL S M Table 2 Results on EDS of CDM-U
A AERERTE , A5 2% o L B ARG I £ 418 T AR 4 STi% S Wit 5 50% T /%
eI C 67.79 7271

i i FT-IR il XPS %} CDM-U 19 41 1 K 1 N 2288 2104

P . . (6} 7.65 6.16

MEHLERREAT IR AT SE, Z5RUNIET 4 Pros o fE . e oo

f U(VI) i) CDM(CDM-U)FT-IR ¢ #%  , 1E
924 em ' Ak LT B IE R, X R W T SBCD 5 UV Z E Y &% & ME B B n o Bl 4(b) B XPS
Sl P A B T AL LS A, A 400.7 eV b HY B9 7 W UCVI) A1 SBCD 9 ¥ 3 =2 11 47 15 4 1A
FHEO, U4L,,(391.5 eV) Fl U4L,,(381.6 eV) 1Y 53 WE L5 AN 4(c) FEL 4(d) Bz, o] LUE il ey i 25 7E
W B 3k i v VB A R A e R
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(a) CDM-UHCITE /347 [

(b) CDM-UHNITE #5347 4]

(c) CDM-UthOJeE 134 I

3 COM-UMtE N HE
Fig. 3 EDS results of CDM-U
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LGifrhgleV

(b) CDM-Uf#4XPS|]ji

379.3 eV
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LGifrhgleV

(d) Ut srie ]

4 CDM-U ) FT-IR [Eig. XPS B, Udfy, #0 4f,, S IEE
Fig. 4 FT-IR spectra, XPS spectra of CDM-U and high-resolution spectra at 4f;,, and 4f,



2760 ok L B ¥ W Fl6 &

2.3 CDM-U % kM@ U M E E &M

SCEGHESE T CDM A6 A [a] R 7 AR R I R] R %6 UV B9 W8 B 00 . 96 49 o ok % o0 200 pg- L™
9 UV 35 W E A7 2o 8 W B, ARSI B 2 1T UV A B, S5 2R ani&l 5 o . Bl 5(a) AT LAE
FEHE 2 300~560 r-min B, R ) FIKGH &t 5 % R AR IF et G R, AR 0.997, X Ui
eI S [ Y, v] DA3E i el AR e SR A S I BT A B R 7 o BT S(b) T LA T, R B ] R
120 min, % J) 1.0x10° ~ 2.0x10° Pa, A5l A9 o k7 T4 bl & & 7 (3 RGE Wi 2, 53X 0 REJ& /Kl
T I S B 22 0 ik A G B SR T R o [RIAE L PR IRT S(c) BT LAE L AR R B 3G i A Bl
TR Z 0 UV BRI R, T H & IR T 7Y o b 140

FESEBRA FH Y, R [ER S A 7K IR XS CDM A9 38 W B A B R s, R, ARSEEREE T 5 AN
[vi) F0 8L B S BB 2 T ok PR AT T3, S5 IR A S(d) B . W RLE H, UV A4 W B 2 44 52 9% sipik
Ao X T R A A7 B I 25 b e A8 RN B s N 52 el ) R AR B0 o F BRI BE AR R R B S5 A
TR AR, BRI, KT B, BN T Al R ek, AT T X
UV Wz B4R . B T CDM % UV A I BEE R s R B 1, i B2 %) 722 b 2 5 i WA o 66 AT 55 4 1)
A EAER . B R A3, BSR4l E 2 B W B RRAIC, N2 T CDM S BB AR, A
I, B R A 2853 5 T B AR R I R A BB AR Ak

SR E 2T B AW R UV BRI IS 00, SE 86 &5 1 A W) o s iR B2 i UV . B Ik
il B o AR v UV 35 A o 1 v 32 1B B R iR 25, R T ICPMIS S o il 5 W v ) UV B fm Wk B2,
ICPMS {3 ¢t 1) H 52 4 S5 5 AH X A7 1 v 22 (RSD) < 1%

2040 S e onras 0
. —e— W
e 8t ®
- 30
13107 r=0997 . "° < 6l o
- P i =
g L7 ﬁ% 420 g
H 7 & 4+ =
1.0x10° i S
o ) 10
0.5%10° ! ! ! ! ! ! J 0 0
300 350 400 450 500 550 600 .
KE3/(r - min™") JEF1/Pa
(a) AN[AlHE R R H ) (b) ANIRVH 1T ockr -6 0 235 SR A0 ff
s 0 zenra 140
2 o ki T Bkt O o ki TR
o o . o[
/ 130 —_ {30
& . <
& Sf Z w B oef % 7% o
& 120 & F {00 =
i = T 20 2
2 4l = &4t =
%
L ” % 10 L 110
%
7 7. . . 7 .
60 90 20 25 30
PEAERT ] /min HERHEE/C
() AR HERAERT (] T oohr G0 25 SR AN B (d) N[RIER L EE st ook 16 0 275 L IR -+t

B 5 #RXRREE N RAREF IR SIS RO

Fig. 5 Effects of speeds on membrane pressure and operating conditions on the adsorption experiments
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1E25°C K, L 8x10* Pa (3 g K 745 38 120 min A [R] 46 B A UCVD) I8, 45 R 40K 6(a) FF i .
ATDAVE Y, Bl TR B R3S IN,  o R B B0 W 1S K . R PR Ry A R R N TS W
VST 0 B, Y T Al 5 WAL A Ak o BB EAT MRS, 1S IS B R=0.985, iE
B UV 19 o B vk B S5 I 1T o B 80 LA RGP R O R o TRIRE, B 256 2% (R AR 480 2] ifg 7K
(fel7 FH BR0008 FBEXoT g 7K E A 2o e ) R I 45 SRR B, Az g /K rp A 25 ) 52, CDML X U(VI) 14 1
BhFEE R AT, MEER TR A I 2 1) o B BRAIG, KB AT LG IS, AR RIS BE R,=0.982,

SR R R KGN 5 VE SRS B RE , S2E6 48 200 ug Lt A UCVE) 1 W A 00 4R 15 W (fd 1 ICPMS #f /& %
W BT R B, N (20042) pge L), O 50 S L 3 O 300 rmint, 7R E R AL UE MR, 45
mnE 6b) s . BEEEAE 6K, 1SR LIMREE R 1.11%.,

350 i
= ROK . 10
300 | — — ROKAHIZE L7
o K e ol
R T ot - 7
s
[I%{ 200 + R?=0.985 e e ;T;{ ol % Y %
150t sl R=0982 =
he L s
< 100 f e £ 4r
-
50 - A0 5
3 I
of &
1 1 1 1 | |
0 2000 4000 6000 8000 T T 2 3 4 s 6
B (g - L %5
() ROZKFIAEZK A 70 ) ool 54 25 (b) FEIESLE

B 6 RO KFEKERBFI a RIFRMVERREEZELR
Fig. 6 o particle detection results and precision experiment at the initial concentration of
different U(VI) with RO and sea water as solute

3 #ig

DA Z E RN A R, K SBCD A3 21 3 9 I Bl B e 1, 14 T 3% 30 I -B-21 80 RS 5 .
SEM. AFM, FT-IR., XPS &l 2% 5 B 44 R 8k e 2 & Al

2) Wk A Rk U8 55 % B R AR ORE K A T (Y U(VD) & 4R 2 35 30 I -B-PABIRS IR SR T, A B FT-IR
EDS. XPS55F-Bt, LM U(VI) AT DLl 3557 i et 45 20 55 30 % - - PO MRS I 2 1 o A AR A B A & T
B B B B5F (] ) T KA B UV B 355 Hl 48 0 3% 30 0k -B- 0 RS 10 22 1T 5 1R B 25 52
IR 2 At A, EERUR 2N ERE .

3) 3l LA S T oK FNE K R 300, il e A [R) 5 v B B UV WS R AT 52 56, X 3% 70 19 - B- 24 B
K B 10 1 o b F EAT IR, S W UV vk B AT A, Ao As B UG B R7=0.985 Al
R,’=0.982, 33X JiE B A FH o o7 - F 048 AG 000 7K A v v A 7 25 O o Wk B LA ARG IR C R, LTI
AT DL 80 5 KV WP O i 1 R B VA B[R B R S B 1R A R B, ] S SR DU K H UV B
HIREE M

2 % X M
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Abstract In order to achieve the purpose of in-situ and efficient detection of uranium content in water, a type
of succinyl-B-cyclodextrin membrane was prepared by a layered loading method. The feed liquid was
transported to the membrane surface by a gear pump, the adsorption and membrane filtration technologies was
combined to enrich uranium in water to the membrane surface. The o particles released by uranium on the
surface of membrane could be captured by a particle detector, so as to estimate the content of uranium in water.
The enrichment trend of a particles on the membrane surface was investigated by changing the operating
pressure, operating time and feed temperature, then the best operating conditions were determined. The results
show that the operating pressure had a linear relationship with the rotating speed from 300 to 560 r'min"' , and
the fitting degree was 0.997, the adsorption amount increased with the increase of operating pressure and time.
The feed liquid temperature had a dual effect on the membrane structure and adsorption reaction, the number of
o particles on the membrane surface fluctuated with the change of temperature, which was 6.41 at 25 °C. At
25 °C and the pressure of 8x10* Pa, uranium solutions with different mass concentrations were filtered with RO
water and seawater as solutes, the uranium on the membrane surface was calculated by a detector, the uranium
mass concentration in the solution and the number of particles on the membrane surface were fitted, and the
linear curves with a fitting degree of 0.985 and 0.982 were obtained, respectively. The mass concentration of
uranium in the unknown solution could be determined by the number of o particles on the membrane surface.
The accuracy of the method was determined with RSD of 1.11%. Compared with the traditional detection
technology, it simplifies the operation process, improves the detection efficiency, and realizes the purpose of in-
situ detection of uranium in water.

Keywords uranyl ion; succinyl-B-cyclodextrin; adsorption; filtrate; detection of a particle
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