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1.1 RFISNEE

1,2,4,5- 7 VY FER(BTEC)(CAS: 89-05-4). 757K
HEEELID[Tb(NO;)3-6H,0]+ EAEE(ZrCly) P
TR OEE BEMIL. =H LR LR WL
AN b ati.

RF 4500 520530606 1 CenPoreUv/UF Y
HRAl7K 405 Research WM ; KQ2200DE A%
PR RIE A AL104 AU H T K°F; PHSJ-3F %Y
pH t; Z36H K & & =il ¥ 4 & 0 HL; DIS-2012R
TS IR B E G FRRE K RET basic 2UH% 7710
A RS DZF-6030A M S T4 ; S IR
Prestige-21 fH 3L AZ LT HPGTEA s Zeiss Merlin
microscope; T6 2 R K AMAT W e e & 1.

1.2 RFFIAT RO HI & S RAE
1.2.1 UiO-66-(COOH), ¥l %

FRE2.15 g 1,2,4,5- K Y HER(BTEC) M 1.15 g &
TS (ZeCly) A B T HE M, I 25 mL 8 4lK
JE R BIARAE 373 K FHEEE 9 h, N EE )G
B A BRI B K e, e 5 75 2 [ 4
VAR AE A K T gk SEAE 100 'C R EEE 16 he 155
FEY) BB 3 7%, 10000 r/min &500% 2 5 min,
BRI T EUEY 60 CHEHZ T4 24 h Bl 7533)]
Ui0-66-(COOH), .

1.2.2  Tb*'-Ui0-66-(COOH), I %

FREL 0.5 g Ui0-66-(COOH), £1 0.5 g Tb(NO3);-
6H,0 B THEMAF, A 10 mL #B4liK, 60 CF
FiFE 24 h, 12~ TEK BEGEE: 3 X, 10000
t/min 2048 5 min, BURJEUTEY 60 CESET
f8 20 h BIA] 753 Tb>*-Ui0-66-(COOH), .

1.2.3  WLPHFRIA R R AE

KHZAMEHE(IR) A% F 8T (SEM)FI 52t 1
(FL)*} #1415 31 UiO-66-(COOH), A Tb**-Ui0-66-
(COOH), AT RAE M7 o

Ui0-66-(COOH), ML 4N A KBr & Fi%
E 53 TR Prestige-21 {37 A5 #lr A4
SE 3R F; Ui0-66-(COOH), 474t Hi 55 I 1% i i
Zeiss Merlin microscope ${#i3K15; UiO-66-(COOH),

15 IR AN RS EREAE RF 4500 B4 58 7 70 66
T ERAS, ERCE MR RN 1 om AL E
M, 2205 R E N 10 nm, FE5TE 300 nm Abi
K, FFAE 540 nm AL EEH S AR K GG

1.3 ORMISEEs

el 1.0 g/L AR AEE R, Sa ik 72 v B F 21034
by 6l v VR 0 1) 45 P Al s A V5 2 2%
WA o FEFRSP 64T, WFRAFER pHAE.
WG PR ST[R]  3  H th TD e A R ek St e e ) e
BRI . BRI HOE S 0B 3 THE
T AR R B (IR PRSI B, R
RN B 25 303 K 180 r/min [{TE IR FER
W B — B IR S s B & WA 0.22 pm kit
JEJSEL 1 mL A 5.0 mL pH 2.5 =& 4R- 4%
BRI 1.0 mL 0.5 g/L B R ITA AT
B, FHHEBEAUKES, B, 26 10 mn. HE
AT LA e BE TSR 650 nm b T FE
T I bR v 2 T SR B TR .

pH X} Tb*"-Ui0-66-(COOH), " i 4l 52 m 5
56 HUCE T4 30 mL WIUAVRE N 10 mg/L AV,
WA pH 25N 3. 4. 5. 6. 7, s
BN 5 mg Tb*"-Ui0-66-(COOH), E1E iR 38 7K H ik %
WP, VB ZE N 303 K, 180 r/min. W 22 h J5,
B E3E 0 & RO, Ha bR th 2 v SR B &

Tb**-Ui0-66-(COOH), " Bt %l Fifi i 8] 4% 1k 52
5. #E pH N 7. 10 mg/L WA F, I 5 mg
Tb**-Ui0-66-(COOH),, 7E 303 K. 180 r/min fH i #E
PR AR T B 0 S0 70 A [ B i st B 37 v i 2
WRERE,  THERR B 2R B

T E X Tb " -Ui0-66-(COOH), " Fff 4l 5wy Siz
5. fE pH N 7. 10 mg/L HIANAETRF, I 5 mg
Tb>*-Ui0-66-(COOH),, A [FiEE T #£ 180 r/min 18
TERER TR M 10 ho YA A5 B L i v vk i &
WERE,  FETH SR 2RO B

ANFBIIEE R E X Tb* -Ui0-66-(COOH), " it
BB S B 5. 100 204 40, 60 mg/L (R4hE
W, WA pH=7, A 5 mg Tb-UiO-66-
(COOH),, fE 313 K. 180 r/min 1E IR R %M
Bt 10 h 5 B3 R S B S e T B A 3 AN

=
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1.4 $RERSH

ARS8 R P AR UM LT 43 56 0l BE v 4 W i
(AR B

KL 5 mg/L HIANARIAT 737 1.2.3.4 mL
T 25 mL #EH, RSO 5.0 mL pH 2.5
1) =& LR~ L TN MR 1.0 mL 0.5 /L 18
BRIV, B e B 2l7K 8 5 2B %0 B2, #E 10 min
JEMICROCRE, 2xhilbrdEth e . SR AR Bl i)t
P AR BT I T e 5

FE AR LI E : BOE S A AT 25 mL %
s, AP EE L

Tb>*-Ui0-66-(COOH), 4l frt Wi P £ Al ff %
SRR

Qe:(po_pe)'V/m (1)
R=(p,—p.) p,x100% (2

K p, WWIBHENIREE, mg/Ls p, NWRIIEZIP
M BN IR B, mg/Ls Q. AW &, mg/g; R N
M, % VORBHERIIAREL, Ly m P55

ﬁﬂ%y mgo

1.5 JREUO WX E ST

f£ 2 mL PE &, A 1 mg Tb* -Ui0-66-
(COOH) (43 #T RV s /N FEAE 9 0.0001 ) FIAN[A]
TR PSE T B Y 5 Y O BRI N A TR A R (1 8
7K), R R 3 min VAR R 38 S0 IR RS T e
(BORPEA 300 nm), 53 70 T8 BR AR 25 VA TR
£ 540 nm AL HIICHRIE Fy Fo, AF =F —F .

2 HER5THS

2.1 IRBHTIAIRAE
2.1.1 SEM A1 EDS 43 #t

Ui0-66-(COOH), 1 Tb**-Ui0-66-(COOH), ] 4
FHBERMESRWE 1 s, NE1ITLLEH, 5
I &L F I Tb’-Ui0-66-(COOH), 1 % M tb
Ui0-66-(COOH), B A, 1% PR A R T W bt it
FEIEAT, WA ER AL T RO ()R T AR BE 22 11
W A A . AT Ui0-66-(COOH),, Tb* -Ui0-66-
(COOH), [MREWG ] FHEL TR MR T Tb [FAHFE
(LB 2), BLEHERE TR IIB BT UIO-66-
(COOH), .

1 Ui0-66-(COOH), 1 Tb**-Ui0-66-(COOH), [l SEM
%

Fig. 1 SEM images of UiO-66-(COOH),(a) and Tb’'-
Ui0-66-(COOH),(b)
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Fig. 2 EDS spectra of UiO-66-(COOH),(a) and Tb*"-UiO-
66-(COOH),(b)
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2.12 FT-IR Z0#7

Ui0-66-(COOH), 1 Tb**-Ui0-66-(COOH), fHJ 4T
A RAE U 3 TR, Ui0-66-(COOH), IRIZL4M
W5 2 BTARE B SCRRA A A R0, I T A R T
Ui0-66-(COOH),. H:1, 3369.57 cm ' AbAFEAE—A
SR T A0, Z A0y O—H X6 N7 (R 248 % sh I 0
1712.57 cm ' & C=0 MHEEIRANTIIE, 1496.99
em ' C—O B G IR Bh g . AR B R
Ui0-66-(COOH), 44l 55 1 /5 ) FT-IR JGil &l nf
LEH, O—H. C=0 1 C—O {H45{RahE 5% A ¥
BAE, AL T 15 N A R Ui0-66-
(COOH), 1454 .

Ui0-66-(COOH),

Th*-Ui0-66-(COOH),

4000 3500 3000 2500 2000 1500 1000 500
Wavelength/cm

3 Ui0-66-(COOH), Al Tb*"-Ui0-66-(COOH), [{I£L. 4
i

Fig. 3 FT-IR spectra ofUiO-66-(COOH), and Tb**-UiO-
66-(COOH),

2,13 RIGIERHE

Tb*"-Ui0-66-(COOH), {175 5 1t 118l 4 Fim o
TE AR WOk % 1F F (R 3K 300 nm),
Tb**-Ui0-66-(COOH), Il Tb™ IR 5% 56 K 5T
W, B °Dy—'F,(J=6, 5, 4)HIHFIKIE, 7EHKN
486+ 540. 590 nm 4b5r 5 KR4 "Dy—"Fen “Dy—Fs.
Dy—Fy LTERE, I H BB K 540nm [ °Dy—Fs
HLTFIRIE e B ek, BT LA T RS 9¢
ERER

2.2 XTEAEEES A0 IR B AR
221 WRBSREG SR AL

H1 &l 5(a) AT %1, Tb* -Ui0-66-(COOH), %f U(VI)
W B 2 BE pH BN TG &, pH=7 i, B 2Rk
B RAH 97.26 %, LRI S 58.36 mg/g. HE

280 36IO 44|10 SéO 600
Wavelength/nm
4 Tb*-Ui0-66-(COOH), 175t i
Fig. 4 Fuorescent spectra of Tb**-Ui0-66-(COOH),

5(b) Al A1, EW T UG A9 RT 30 min, Tb*'-UiO-
66-(COOH), XJ 4 i1 b % 10l 7, 8 h g, MRt
RARE ARG, BT AE 10 h KB P4, Lt
BRI 2R R 94.34%, fe KWK &N 56.6 mg/g.
1 & 5(c)FT %01, Th* -Ui0-66-(COOH), Xif 4l I i 2%
BE B T T . 313 KA IA B R K I
96.32%, WF I 57.79 mg/g. HF 5(d)nT %N, Bl
WILEAIR N, Tb ' -Ui0-66-(COOH), 41
WS B 3 T B, TR B R IR N . IR E 313 K,
BTG EE 60 mg/L B, MRIE(DHAQ)ITHHELR, )
PR 70T 4t 9 25— A I B A 333.12 mg/g.
2.2.2  WRPH BNy M 2 AR

WS Bt 2 A3 2 2 P T A A% TR 20 e R R
RS2 I R, AT St W 7500 VR B e 25 1 P L3
FTHIEFC o ASHIF 0 R 4% W B ) 1) 5 PR B 5 ) o o2 5K
R, FIHHE— 8 S BRI AE = 2 5)) 2 A A ik
A, MASRIME 1 AE 6 Fin. A4 R
F1RE 6 iR, QRN ¢ I IS & A2
HE— G2 1 F AR R SR 2 ke SR HE RS
T35 RE I (1 R o 3 2 0

HZ 1 A%, Tb>-UiO-66-(COOH), W Ff 4t i
ARG B SR, VARG R ik
0.9999, HAREW AT ES O HHA 59.17
mg/g, TSI 59.28 mg/g, WAL TUE— 25
JIFAERL . Rk, W R ) AR A E TR
Tb**-Ui0-66-(COOH), i 4 (17 W Bff i 72, 6 B
Tb**-Ui0-66-(COOH), % U 1115 izt A% ALK 271 B
M.
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Fig. 5  Effect of pH(a), contact time(b), temperature(c) and concentration(d) on adsorption of U( VI ) by
Tb*"-Ui0-66-(COOH),

£ 1 Tb-Ui0-66-(COOH), W It U(VI)IKIEh 112454k
Table 1 Kinetic constants for adsorption of U(VI) on Tb**-Ui0-66-(COOH),

Quasi first order kinetic model Quasi second order kinetic model
Ki/min”! 0J/(mg-g ") R K»/(g'mg '-min ") 0./(mg-g ) R
0.0064 1.631 0.9835 0.8622 59.172 0.9999
1 30
.(a) (b)
0 \\ y=-0.0064x +0.4889 ’s y=0.0169x +0.0196
= 2 _ i 2 _
. R? =0.9835 R? =0.9999 A
-1} (4 20}
P S
93 -2 F 2 15F
=
-3k ° 10 F
-4} o 5k
_5 1 1 1 1 1 1
0 200 400 600 800 0 400 800 1200 1600
Time/min Time/min

6 ME— BT IR s 7o il 2%

Fig. 6 Pseudo-first-order(a) and pseudo-second-order(b) kinetic curves



1410

T EA 8RR

2021 5 A

223 WRBHERIR 2R J FAE R
ST AR Y R S LTE — R R, IR BHIA P
TR, W B R AR VROAF R S AR P IR R R . ARSI
Y P TR0 T A [0 8 A ¥ 55 WO o 591 A S
Ja P PHTIR FE AR pe 55X IR & Qe AT ¥ 43
J&i 57 3421 Langmuir A Freundlich 28R 2k, #1545
Finge 2 FE 7 Fron A S Rangk 2 FE 7 .
O 72 B KW B 53 Kp A& Langmuir W% P 255 265 50
K¢ 72 Freundlich M 8535 28 5 40

H# 2 A%, Freundlich &5 W B4R 7Y BE 5 4
HiUGF I B 7 T -Ui0-66-(COOH), Wit B 4l 3k A5 14

£ 2 Tb-Ui0-66-(COOH), W it U(VI) fty 255 W b A5 5

A, RP=0.9951, Uil Tb’'-Ui0-66-(COOH),
X UV R Bt BA 22 = IR Bt Dy =

2.3 MOFs # RS A— JRE U0, RIS

FKEDH

MOFs Mk EA TG BT, 48 5H
P TR o FRL T R TG, T ARG O AT 5
Wi o 1] UO3S* 1] LKF Tb-MOFs H ) T B #e ok,
TR KIS . (E—E kN, B
FE IR FE RN, PR AR . W] I A
FRAE 540 nm b5 TR FEE ¥R 14 5 sA P A B

Table 2 Adsorption isotherm constants of uranium by Tb**-Ui0-66-(COOH),

Langmuir equation

Freundlich equation

On/(mgg™) Ki/(L'mg ") R’ n Ki(mg-g™) R
370.37 54.00 0.9765 1.7 117.00 0.9951
0.020 6.0
(a) (b)
pe/Q, =0.00005p, +0.0027 /' 55F InQ, =0.5898Inp, +4.7622 /
=50F
o &0
91 0.010 | § 45}
QU =5
2 S
[ E 40 -
0.005 |
° 35¢F
1 1 1 1 1 1 30 1 1 1 1
0 50 100 150 200 250 300 350 -3 =2 -1 0 1 2

pe/(mg-L")

In[p,/(mg-L™)]

7 Tb*-Ui0-66-(COOH), W Ff 4l £ Langmuir M1 Freundlich 25 W B 4 784 0 2 h 25
Fig. 7 Langmuir(a) and Freundlich(b) isotherms for adsorption of U(VI) by Tb*"-UiO-66-(COOH),

@ — 200 ug/L
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— 2mg/L
— S5mg/L
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AF=0.4234C+3024.4 ®
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B8 Tb’-Ui0-66-(COOH), X ANl U(VI)HE B ARAE 1975 6 A 51 A v i 28
Fig. 8 Fluorescent emission spectra of Tb*"-Ui0-66-(COOH), toward U(VI) with different concentrations(a) and standard

curve of U(V)recognition by Tb**-Ui0-66-(COOH),(b)
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TR IR FE 5 R B 2 [A) AR A G R R

H P 8 T R, A R AR UR R R S K 793 4 300
nm 1 540 nm T, BE& AR AL ik R PO
PERHIIMER o« FEARAL Y B AR SR IR 55N, AlBE S
TUPETEE Y 200 pg/L~10 mg/L I, 14 Z 5648
A 2B & X R, &MERETEA
AF=0.4234C+3024.4, fHXHH R’ =0.9924. RHET
FUE AR E R 22 S, FIARHE I ZE RS & B LOD
N 232.72 ng/L.

3 #Zig

1) & HAERH Tb* -Ui0-66-(COOH), %F U(VI)
FAT RO W B R 5 0t AR B e . T -UiO-
66-(COOH), X} 10 mg/L % V1) W B 28 1 ik 3
97.26%, Hoip LWL B 25428 pH o 74 I 313 K
WS B EFTE] 10 heo

2) Tb* -Ui0-66-(COOH), T 45 S P 1 531 b 1k
T RIS T IREE KRR i A AR R
FrEER S, REEREEER S, s
TR 1) v 22 B A I B AL T — B 1 T R
58O
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Synthesis of Ln-MOFs and its adsorption and
fluorescence recognition of uranyl ions

LI Ying-mei"?, ZHOU Xia-yu"?, XIA Yu-xin"? HU Dan"? LI Zhe-yi"?,
ZHANG Xu"? LI Le"?, DAI Zhong-ran'

(1. Key Discipline Laboratory for National Defense for Biotechnology in Uranium Mining and Hydrometallurgy,
University of South China, Hengyang 421001, China;
2. College of Public Health, University of South China, Hengyang 421001, China)

Abstract: A luminescent MOFs material Tb’"-UiO-66-(COOH),(Ln-MOFs) was prepared by hydrothermal
synthesis. The structure of Tb’-UiO-66-(COOH), was characterized by Fourier transform infrared (FT-IR),
scanning electron microscopy (SEM) and fluorescence spectrum (FL). The results show that the best conditions of
uranium adsorption are as follows: pH is 7, adsorption time is 10 h, temperature is 313 K, the initial U(VI)
concentration is 60 mg /L, the maximum adsorption capacity of U(VI) is 333.13 mg/g. The material can also be
used to detect U(VI) with fluorescence at the same time. The optimal excitation and emission wavelengths are 300
and 540 nm, respectively. There is a good linear relationship in the concentration range of 200 pg/L to 10 mg/L
UO:" with a correlation coefficient of 0.9924. Limit of detection (LOD) is 232.7 pg/L. The proposed method is
simple, selective and sensitive.

Key words: uranyl ions; MOFs; adsorption; fluorescence recognition
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