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HEAT AR RO 5, 25 R R WYL ZIF-8-MC ok R
SPHOR, 484 nm, i ZIF-8-S B /N (44.8 nm) ,
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B 1 ZIF-8-S #1 ZIF-8-MC #J XRD B i (a) #1 XRD 4L (b)
Fig.1 XRD patterns (a) and XRD fine patterns (b) of ZIF-8-S and ZIF-8-MC
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b () R AE 0y B JE T C— H. =N .C=C . P AL X T & T Z1F-8,

a ZIF-8-MC

s amewc
\ v ZIF-8-8 \|)
" \

\
¥ C-H 5
ol c—H Cc=XN 2
W N w
—OH
) C—N
C=C
1 1 C_N 1 '
4 000 3 000 2 000 1 000 0 500 1500 2 500 3 500
P /em ! P /cm™!

2 ZIF-8-S #1 ZIF-8-MC HJ FT-IR & (a) F1HL 2 323 (b)
Fig.2 FT-IR spectra (a) and Raman spectra (b) of ZIF-8-S and ZIF-8-MC
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Z ) EE . BEFR R T 2 RS kA A, SR W X ¥ A B T R ZIF-8-MC X Ot B
TR RN 5 B XK A B T Xl wE R R g tee ol fF A BT A R, A AR B B 4R A o IR
14 W B N EA O RE
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2:(5) ZIF-8-S,ZIF-8-MC [ SEM #1 TEM 4} #f
. &2 RN 5.6 BT R . VWO B 4 10 ZIF-8-S
52 BB/ 5 IE | R 6 5 () L
¥ 1<5> PR AL H 80 nm (& 5(b)) . LA 2% 3 i
0.5 HI ZIF-8-MC Z b 2 35 8 + — 1\ 8 5,
%900 250 500 550 500 {H R A2 3 R CE 5 (o)), MR AR 43 A il 2% 3F

% K/nm — B RN 120 nm (B 5(d) .
ZIF-8-MC Bk R ~F 5 K, ) fig 55 il & o # o
NIRRT N (1 U T o S B S T BN
1 UKL K A B T 4R R LA K O W b i AR

ZIF-8-S., ZIF-8-MC 1 4 4b ul Ul ok % 25 1 PE 800G 28 B T AT D, X 5 XRD 45 R
mE 4 FrR, ATLVE W RS R ZIF-8-S M4 .

B 3 ZIF-8-S # ZIF-8-MC B % 3 H 3
Fig. 3 Fluorescence spectra of ZIF-8-S and ZIF-8-MC
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Fig. 4 UV-visible diffuse reflectance spectra (a) and absorption spectra (b) of ZIF-8-S and ZIF-8-MC
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B 5 ZIF-8-S(a)#n ZIF-8-MC(c)#J SEM El{& & ZIF-8(b)#l ZIF-8-MC(d) IR E 5 7
Fig.5 SEM images of ZIF-8-S (a) and ZIF-8-MC (c) and particle size distribution of ZIF-8 (b) and ZIF-8-MC (d)

B 6 ZIF-8-S(a)#A ZIF-8-MC(b)# TEM & 5 R 8 iz i 7T & E 88 1%
Fig. 6 TEM images and elements mapping of ZIF-8-S (a) and ZIF-8-MC (b)
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2.1.5 RETEHSH

ZIF-8-S.ZIF-8-MC ) XPS 414 1% K A5 40
TR 7.8 ion., MIE 7T EBEW A M
B EA CONLOM Zn UF TR, HE 8 FHH:
ZIF-8-MC il ZIF-8-S [ #£H C—N,C=CHl
C-sp* G5 M FEAERY ; ZIF-8-MC h C—N (1 XPS i
] /5 245 6 e 7 I RS 3, i A R TR R B AR Bk,
HC-NEHEWEFaHEW/N N ELET
XPS FHAE WA AL , 11— 25 Uk B A R A7 75 BB
Zn2p

Clls
N 1s

|} ZIF-8-MC Qls

R

12001000 800 600 400 200 O
Ziftklev

B 7 ZIF-8-S 0 ZIF-8-MC § XPS £ 3%
Fig.7 XPS survey spectra of ZIF-8-S and ZIF-8-MC
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8 ZIF-8-S F1 ZIF-8-MC 1 C 15(a)7a
N 1s(b)# XPS #& 4l i
Fig. 8 High-resolution XPS spectra of C 1s (a)
and N 1s (b) in ZIF-8-S and ZIF-8-MC

2.1.6 FLEMEILREROH
ZIF-8-S ., ZIF-8-MC %, W BRIt B 45 L £k A
LAk anE 9 s,

1.2 ryp
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Fig. 9

M 9Ca) F LA 22 SR A
A RE 54T A TR) 1 0 B 2 RS, S TUPAC 43 2R 45 i
g 1 AR, B AL A5 A0 S A HE A
XFFE #2308 1. 0 B H 303 J5 26, & B 4 R b iR A7
LGRS . B 9(b) B HLAIL 2 2 i 4 1Y
MRS ) AL AN T 2 nm 89 ffL 45+
FEHHAE 12~25 nm2Z [0 f£ 78 D 2 i A FL &5
Fa o XA FL &5 A8 T RE VR 0k A HE AR R R
BEAh . T ZIF-8-S ki A2 4/ H Wok: A1 % ™ &, 7=
AT Z A URL IR L . R R EE N ) R R
W76 SEM I TEM E{% 45 3] 7TiEse,

ZIF-8-S . ZIF-8-MC 1 b 2% 1 FEURN L B £ 98 WL
1. TRV AU £ i AR LE R T AR

N, adsorption-desorption isotherms (a) and pore size distribution curves (b)

ANTFUE I 33X AT AR A2 T ) & 2o R rh s oy L
FRAEM A AL EE(R b7 TR (A ZIF-8-MC 1 LR 1 FR
Ak 1 642 m? /g, HAFLIB R AF AL & 4 b i 3t
A5 IR e 5 AT ot 1) 4 P 8 3 6 s B, R4
Xl Ik B T 0 B G BE . DA R g B RE
T,

R 1 ZIF-8-S 71 ZIF-8-MC B LB £ 4R
Table 1 Pore data of ZIF-8-S and ZIF-8-MC
R Sper/(m? « g7 1) Vi /(cm® + g71)  Dpore/nm
ZIF-8-S 1838 1.47 3.19
ZIF-8-MC 1642 0.85 2.07
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KSR B 1 AR f R L BB ZIF-8-MC T A7

100
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AL, A 10(b) B AL R 2 2 5
ZIF-8- MO FR 3 iff it AR T 00k il 28 1Y ZIF-8-S,
A BEAE PR EIBE I AEFE N T ZIF-8-S HEAR 1 43 .

e ZIF-8-MC o
228 C

* min~!)

P B E /(%
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EE/C

10 ZIF-8-S 0 ZIF-8-MC By E M £ (a) FI# 5 R 3 2 2% (b)
Fig. 10 Curves of TG (a) and DTG (b) of ZIF-8-S and ZIF-8-MC

2.1.8 EfhAER Zeta BAL D HT

oA 8 F1 2 TR LA AR 232 KXo VT b T 2 1 1Y
W fF B A T R 5 e, ZIF-8-S, ZIF-8-MC 7E /K H
(pH=A4) i 3 filh /1 S Zeta B A2 ZE AN 11 FiR,
A LLE e I MR B TE B 3 A 7, H
ZIF-8-MCH 75 i £ 2 i Hh 2 1 e 44 (0 sl 2 L fiff Zn®*
FE 5% T B0 10 E HLA B R (21, 6 mV), X BT A
FTRIURL I 43 B0, 2% 58 T 22 R BEA67 45 ZIF-8-MC
Ok R T o R R B S BOH K Bl Ry 80°, 5%
KM LT, ZIF-8-MC R & A B REE B £ 384 hn 17 3
FEZK I A3 AT 1) e B O B R B

30
251 ﬂ%e'
% 3
E 20t
5 I -
% 15
g ot
N
5 -
0
ZIF-8-S ZIF-8-MC

M
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Preparation of ZIF-8 by Mechanical Chemistry and Its Adsorption Performance for Uranium
WANG Xiaoze, YANG Wuxinchen,GOU Yangfei, CHANG Hua, LI Qizhou, CHEN Shusen

(Beijing Research Institute of Chemical Engineering and Metallurgy ,CNNC,
Beijing 101149,China)

Abstract: Zinc zeolite imidazole framework material (ZIF-8) is suitable for uranium adsorption due to
its high specific surface area and abundant active sites. Aiming at the problems of long time and large
consumption of organic solvents in the synthesis of ZIF-8 by traditional solvent method, ZIF-8 was
rapidly synthesized by green and efficient mechanochemical method using zinc hydroxide and
2-methylimidazole as raw materials and used for uranium adsorption. The results show that the ZIF-8
prepared by mechanochemical method has good crystallinity, rhombic dodecahedron morphology,
specific surface area of 1 642 m®/g, and rich surface defects and active sites on the surface. Under
suitable conditions, the removal rate of uranium by ZIF-8 is more than 99.99%, the maximum
adsorption capacity is 476 mg/g,and the adsorption can reach equilibrium within 20 min. The process
is a single-layer chemical adsorption mechanism. The cost analysis results show that the synthesis
efficiency of mechanochemical method is 16 times higher than that of traditional solvent method, and
former's theoretical material cost per gram of uranium is only 3.5% of that of the latter. The
mechanism analysis results show that the high specific surface area of the material and the synergistic
effect of hydroxyl groups and imidazole nitrogen atoms are the key to the efficient adsorption of
UCV[). ZIF-8 prepared by rapid mechanochemical method has good performance and has certain
application potential in the field of uranium adsorption.

Key words: ZIF-8; mechanochemical method; uranium; adsorption; adsorption kinetics; adsorption

performance; mechanism



