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Fig.1 Preparation of Fe,0,@SiO,@CM-f-CD composites
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Fig.2 Effect of the amount of SDBS on the adsorption performance
of Er(IlI)
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Fig.3 Effect of the amount of TEOS on the adsorption performance
of Er(IlI)
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Fig.4 Effect of the amount of APTES on the adsorption performance
of Er(IlI)
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G0 KA RLIR B Ex(TIL) 14 RE 5200 , 1] £ 7 A8 [R] CM-B-CD
Phn & AL QK AR, 25 %A [F] CM-B-CD I &
Fe,0,@Si0,@CM-A-CD Xt Er(TIT) 25 f& % (1) A2 4k, Ho 45 3
K5,

S ABLA H, B & CM-4-CD H & 15,
Fe,0,@Si0,@CM-B-CD ZK AL Er(II) ) 25 R % £ 3
STt m a AR AP, M CM-B-CD IR IIEH 0.3 g
Bz 0.5 gy, Z2FRFPIEIE N s 24 CM-B-CD &N
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Fig.5 Effect of the amount of CM-/-CD on the adsorption performance
of Er(1lI)

0.5 g, B R 15 96.16%. X2 K NHIN CM-4-CD
=N, CM-B-CD n] #2455 2 1R B A7 550, Er(IID) £ B %
BN ; 24 CM-A-CD N E 1 0.5 g Ba B 1 g, B %
THE 208, FEARRER R, M INE N 1 g, ZEREIA
98.33%. HININEH 1 g4kE: NS 1.5 gif, ZBRE W
T, CM-B-CD IR NN 1.5 g i, L BRFRAH
75.92%. AT IR, AT AR 2 & Y CM-B-CD 2L [R5 4+
1A B A7 A, TR A B2 8 B SR &R AR, S BUR AR
ER, R, 5825256 CM-A-CD & 0.5 g.

3.2 HiMEMKE EMEIRIRIE

32.1 TEM%&#7

N T AR TR DRI IR 2 T W 30 J 9 B O 5
F4) ) FH 3 5 FEL 55T Fe,0,@Si0,@CM-4-CD 1R 5
P ERREAEEAT RAE , HARAE S R ILE 6.

B 6 7] LLE Y, Fe,0,@Si0,@CM--CD i 1 4k
TR R TGN » R IR ERIEAR , B 14 40 K BORRLAR B/
PRI 2058 150 nim, i 1 FURE ) B A (1 5RO HLR 3
GOR TR A 5451, T B 2 B TR A Fe,O, 40K
KL, Fe,O, 9K UKL AN A BB A ML R, )2
%6 PE IR B L N AZ LT AR AR TEM R A m W02 3 H o 2 2
FE#)°4 25 nm, 45 & B, Si0,.CM-p-CD &l I F 1
T HETEGKE A AP RLER T, 1X — 45 R 5 Chen ™ 51
ghie—3.
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Si0,, N JC & kW] | 2 B4 A By, C.O T (1 H B IE ]
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C.N.O.Si.Fe 7t Fe,0,@SiO,@CM-p-CD i I 4}y K i Fii
Fii LA, P CN.O.Si.Fe L R & &5 5N
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R, B& A TR GIR E A MR R T A 33
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SR P LG BE T A
3.2.3 BET /347

N T IRFCRE G RRL ( EE T AR LR KNI LA
TN W B BB 2%, R BET X Fe,0,@Si0,@CM-4-CD i
177 RAE ST, BARRAE G R NZR 2 FE 8 Firaw

P 2% 2 Bk 4 KR R 1 L 3 T AR R AL 25 M B HUR
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Fig.6 TEM images of Fe,0,@SiO,@CM-4-CD
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Fig.7 SEM image and EDS element mappings (a) and EDS spectrum (b) of Fe,0,@SiO,@CM-4-CD

CM-p-CD () L TH AN 1.27 m¥/g, Fe,O, I LL R AL 3251t

4 50.65 m¥/g, 24 5l N B B K H 3 I A Fe,0, 8 ML 4R KM R ) N W B /5t B 45 iR 2% 1 BIH
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12.29 m*/g. K, % SiO, M CM-B-CD {E Fe,0, LHIME  Jii b &5k 2 AT A1, £ 0<P/P,<0.1 I Hs /g X I 45 42t B
M, R A FLEE M, CM-B-CD & B A MR sl 4505, BEHTEEAT I 2 30 2R B, AR R T A b & el < 72
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Table 1 EDS analysis results of Fig.7b

Element Content

wt% at%

C 5.89 10.33

N 0.34 0.51

o 44.65 58.78

Si 31.80 23.85
Fe 17.32 6.53
Total - 100

111 1 DX, S5 208 T A2 BE 5 Hh B [ 9  ELSEAF  l
BL, U] BB AN FLEERBL ™. i 8 T, 9K
A4 R N W RS/t B 55 i 2 A0 [ 35 8 20 3ol Jg T TV () 2
5 H, R, H, B[R] i B Bk ) £5 44 5 CM-B-CD P 3 JF
FUR B AE FLAS FI AR & 100, ARYE TUPAC 7328, APRLHIAL
B FT 43 AL R L (<2 nm) R FLEGS I L (2~50 nm)
ARALC>50 nm)te 1A FLA R FLER K /N7 A1 it H e

BIH #S P E , Z IR T BB EL , {6 Kelvin 77
2 B FLA AR TR, IF BLASE F & IR 4 IR e 49 52
H s, 45 B0 FL A% 20 A B B0 I 1] 2% 1) Fe,0,@Si0
L@CM--CD G AKHEIE R R FEE A S fLIE B & CM-p
-CD I &1 £ Fe,0, I, & ] JLFLAR 8/ B o LU AR,
30~100 nm FLA2IE I, 7T 6E 2 B T CM-B-CD I = JlE 45 #4)
YSEADANE 5 U
3.3 FEISEE S I A RHR M Er(IIDERAIF2M0
33.1 AMHHAE

T o 3 5 e o 7 5 R AN AN O R BB AR
[ SR B e Tl A N & A S L ST DI =}
Fe,0,@SiO,@CM-B-CD Wt 47 4 () 52 i B A 8 21
Yo 5T Fe,0,@Si0,@CM-A-CD 44K A4 K 0 n & %t
Er(IIL) (¥ W5 B 25 R PR s , 45 5 LI 9.

H1 P9 AT %11, Fe,0,@Si0,@CMA-CDAEKFARINT Er(11D)
114 25 3 23 5 R o )5 o 2 PR 3SR B ) £
e hnfE M 5 mg $2 5 2 20 mg i), Fe,0,@Si0,@CM-p-CD

1=
W

%2 CM-$-CD.Fe,0,.Fe,0,@SiO, 1 Fe,0,@Si0,@CM-f-CD HLL REFAFFLEEWS K
Table 2 Specific surface area and pore structure parameters of CM-$-CD, Fe,0,, Fe,0,@SiO, and Fe,O,@SiO,@CM-4-CD

Sample Specific volume area/m”-g" Pore volume/cm® g Mean pore size/nm Average pore size/nm
CM--CD 1.27 0.07 162.26 129.04
Fe,O, 50.65 0.24 9.69 9.53
Fe,0,@Si0, 31.61 0.13 9.89 8.24
Fe,0,@Si0,@CM-p-CD 12.29 0.16 7.40 27.17
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Fig.8 Nitrogen adsorption-desorption isotherms and pore size distributions of CM-4-CD (a), Fe,0, (b), Fe,0,@SiO, (c) and Fe,0,@SiO,@CM-
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Preparation of Fe,0,@SiO,@CM-#-CD Magnetic Nanomaterials and Its Their
Adsorption Properties on Er(III)

Zhao Yuxiu, Liu Jie, Zhang Ning, Zhang Xin, Xue Zhixiao, Zhang Qiulu, Li Qianting
(School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266520, China)

Abstract: Fe,O, magnetic nanoparticles were prepared by co-precipitation method, the surface of the magnetic particles was modified by SiO, and
CM--CD, and Fe,0,-based magnetic nanomaterials (Fe,0,@SiO,@CM-f-CD) with high adsorption properties were prepared. Single factor
optimization experiments were carried out, and the physical and chemical properties of magnetic nanocomposites were characterized by TEM,
EDS and BET. The adsorption behavior of Fe,0,@SiO,@CM-f-CD on rare earth Er(IIl) was investigated. The effects of adsorbent dosage,
temperature and rotational speed on erbium removal rate were also investigated. The results show that when the dosage of SDBS is 1 g, the dosage
of TEOS is 6 mL, the dosage of APTES is 1 mL, and the dosage of CM-£-CD is 0.5 g, the adsorption rate of Er(Ill) can preferably reach more
than 95%. When the contact time is 30 min, the initial concentration of Er(IIT) is 10 mg/L, the initial pH is 4.5, the dosage of adsorbent is 30 mg,
the temperature is 298 K, and the rotational speed is 150 r/min, the removal rate of Er(Ill) is about 98%. After the adsorption of erbium, the
nanomaterials were desorbed with 0.1 mol/L HNO, for 20 min, and the desorption efficiency of rare earth Er(IIl) can be more than 87%. The
adsorption mechanism of Fe,0,@SiO,@CM-p-CD was investigated by XPS analysis. It is found that the adsorption of Fe,O,@SiO,@CM-S-CD
on Er(Ill) is mainly by the inclusion of cyclodextrin cavity, supplemented by electrostatic adsorption and chemisorption. The results of this study
can provide a new method for efficient recovery of rare earth elements with low concentration in aqueous solution.
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