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Adsorption of Cu on Core-shell Structured Magnetic Particles: Relationship

Between Adsorption Performance and Surface Properties
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Abstract: In order to reveal the relationship between the adsorption performance of adsorbents and their compositions structure and
surface properties the core-shell structured Fe, 0, /MnO, and Fe-Mn/MnO, magnetic particles were systematically characterized using
multiple techniques and their Cu adsorption behaviors as well as mechanism were also investigated in details. It was found that both
Fe;0, and Fe-Mn had spinel structure and no obvious crystalline phase change was observed after coating with MnO,. The introduction
of Mn might improve the affinity between the core and the shell and therefore enhanced the amount and distribution uniformity of the
MnO, coated Consequently Fe-Mn/MnO, exhibited a higher BET specific surface area and a lower isoelectric point. The results of
"atpH 5.5 compared with 17. 5
mgeg™" of Fe,0,. After coating the maximal adsorption capacity of Fe-Mn/MnO, was increased to 58.2 mg*g™' which was 2.6

sorption experiments showed that Fe-Mn had a higher maximal Cu adsorption capacity of 33.7 mgeg~

times as high as that of Fe;0,/MnO, and outperformed the majority of magnetic adsorbents reported in literature. In addition a specific
adsorption of Cu occurred at the surface of Fe;O,/MnO, or Fe-Mn/MnO, through the formation of inner-sphere complexes. In
conclusion the adsorption performance of the magnetic particles was positively related to their compositions structure and surface
properties.
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q.(mgeg™) Fig. 1 X-ray diffraction patterns of magnetic particles
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Fig. 2 TEM micrographs of Fe; 0, /Mn0O, and MnFe/MnO,
2.1.4 BET 113.3 m’+g™"  Fe-Mn 2.7
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1
Table 1  BET specific surface area saturation magnetization and isoelectric point of magnetic nanoparticles
Fe; 0, Fe, 0, /MnO, Fe-Mn Fe-Mn/MnO,
BET/m? g ™! 44.9 76.5 41.8 113.3
VSM/emueg ! 57.4 54.7 51.6 35.1
IEP 6.5 5.9 6.2 5.5
2.1.5 VSM emucg ')
1 Fe,O,. Fe-Mn . Fe-Mn/
57.4 emusg™"  51.6 emucg”’ MnO, 0
Mn
MnO, Fe,0,/MnO, Fe-
Mn/MnO,
2.7 emurg™'  16.5 emu-g”' 2.1.6
MnO, pH Zeta
Fe,O,+ Fe-Mn. Fe,O,/MnO, Fe-Mn/
MnO, Fe- MnO, 6.5.6.2.5.9 55/
Mn Fe,0, N MnO, ).
TEM  BET ! Mn Fe-Mn
Fe-Mn/MnO, (35.1 Fe,0, 0.3; MnO,
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Fig. 3 Kinetics of Cu adsorption on magnetic particles

2
Table 2 Kinetic parameters for Cu adsorption on magnetic particles
o qe
/mgeL~! /mgeg ™! q./mgeg™! ky /min =" R? q./mgeg™"  k,/mg*( g*min) ! R?
Fe; 0, 22.3 8.79 7.82 0.201 0.957 8.32 0. 036 0.991
Fe;0,/MnO, 24.4 11.3 9.59 0. 905 0. 821 10. 1 0.112 0. 909
Fe-Mn 24. 1 15.9 14.4 0. 047 0. 858 15.4 0. 005 0.929
Fe-Mn/MnO, 24.4 30.0 27.9 0. 100 0. 909 29.7 0. 006 0.962
2.2.2
4  Fe,0,+ Fe,0,/MnO,. Fe-Mn  Fe-Mn/
MnO,
Fe-Mn/MnO,
Fe,O,~ Fe-Mn  Fe,0,/MnO,.
Langmuir Freundlich
4
3 . Fe;0, Langmuir
R*  0.946 Freundlich
4
R*  0.854 Fe,0,
. Fig. 4 Adsorption isotherm of Cu on magnetic particles
Langmuir
. 2
Fe-Mn. Fe,0,/MnO, Freundlich R
Fe-Mn/MnO, Mn( 1) Fe( 1I) 0.977. 0.981 0.976 Langmuir

MnO,

R*  0.970. 0.937
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0.912 Freundlich Fe- 2 ? 1/n 4
Mn. Fe,0,/MnO, Fe-Mn/MnO,
3 N ky FeMn/MnO, > Fe-Mn > Fe,0,/
. Freundlich MnO, > Fe, 0, 4 Fe-Mn/MnO,
n 0.1<1/n<0.5 1/n>

3 Langmuir Freundlich

Table 3 Langmuir and Freundlich isotherm parameters for Cu adsorption on magnetic particles

Langmuir Freundlich
G /Mgog ™! ky /Lemg ™! R? kp/Leg™! 1/n R?
Fe; 0, 17.5 0. 106 0. 946 4.03 0. 331 0. 854
Fe; 0, /MnO, 24.7 0. 067 0.937 4.36 0.376 0. 981
Fe-Mn 34.4 0.091 0.970 6. 47 0.382 0.977
Fe-Mn/MnO, 48.9 0. 646 0.912 21.1 0.235 0.976
Freundlich Fe,O0,/MnO, . Fe- N
Mn Fe-Mn/MnO,
22.1.33.7 58.2 mgeg™' Fe,0, 2.2.3
Langmuir 17.5 mg'g_l. 5 pH2~7 Fe;0,/MnO,
Fe-Mn Mn( 1T) Fe( 1) Fe-Mn/MnO,
Fe,0, Fe— pH . pH <3
Mn Fe-Mn
Fe,0, 2 . H* Cu®”
MnO, Fe,0,/MnO, Fe-Mn/ ; pH
MnO, 4 ~5 H*
4.6 mgeg™'  24.5 mgeg” (T Cu®*
MnO, . ; pH
. Cu*
. Fe-Mn Cu**
Fe,0, N MnO, . Cu(OH), 5.6 x 1077
Cu( OH) , pH  7.4°
Fe,0,/810,- pH 2~7 Cu**
NH, (29.9 mgeg™' pH 6.2) ' . Fe,0,/ Cu( OH) , .
(35.5 mgeg™' pH 5.0) * . Fe,0,/CM-B-CD(47.2 0.001 mol-L""
mgeg™' pH6.0) * . 0.1 mol*L™'
5 pH

Fig. 5 Effects of pH and ionic strength on Cu adsorption by magnetic particles
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Fig. 6 Zeta potential of magnetic particles before and after Cu adsorption
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