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nanocomposites (33],
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Fig. 2. HRTEM images of Co/SiOz (a), Fe/Als03 (b) and FeNiz/AloO3 (c) core/shell nanoparticles [39:43:44]
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core/shell nanoparticles; (b) sea urchin-liked Fe/ZnO

nanocomposites; (c) PL spectra.
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Fig. 6. Photomicrographs of (a) Fe/CNT, (b) Fe/HCNT,
(c) Fe/CNF, (d) Co/CNT-G, (e) Ni/CNR and (f) Ni/CNS
nanocomposites [76:60,62,64,65]
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Fig. 8. Photomicrographs of (a) FeCo/CNT, (b) FeNi/CNT, (c) FeCu/CNP, (d) FeCu/HCNT, (e) and

(f) FeCu/CNB nanocomposites [68:69,71,72]
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Fig. 9. Photomicrographs of core/shell-structured Fe3O4/CNC nanocomposites [ .
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Fig. 10. Hysteresis loops for the annealed samples at 5 K after field cooling (FC) from 350 K in a field of Hrpc = 30 kOe;

(85]

insets show the enlarged loops displaying the corresponding exchange bias .
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Fig. 11. (a) ZFC and 30 kOe FC hysteresis loops at 5 K for the Ni-NiO nanocomposites, insets show the measure-
ments in greater detail; (b) variation of coercivity Hc and exchange bias Hg at 5 K with the Ni weight fraction

detected over the prepared Ni-NiO nanocomposites 1941,
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Fig. 12. (a) SEM image, (b) HRTEM image, (¢) SAED pattern and (d) schematic illustration of the proposed

(93]

formation mechanism of core/shell y-Fe2O3/NiO nanoflowers .
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Fig. 13. ZFC and 50 kOe FC hysteresis loops at 5 K
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50 nm

(@) ()

() (d)

Intensity

4 6
Energy/keV

Bl 14 7 E% Fe/CryOs Ml Ni/CroOs 1% - 541Kk SEM &5 TEM I8 & 1151, 75 B Ry 254 4 /FTO #% -5 9K 28 5 40

KA SEM IR TEM HE A &% EDS i [116]

Fig. 14. The left panel: SEM images (a), (b) at different magnification and TEM images of the (c) Fe/Cr203 and
(d) Ni/Cra03 core-shell nanogeometry 1151, The right panel: (a) SEM micrograph for permalloy/FTO core-shell

nanowires; TEM images of (b) a single permalloy/FTO core-shell nanowire with FTO wall thickness of 25 nm and

(c) a single permalloy/FTO core-shell nanotube, and (d) compositional analysis obtained from EDS [116],

6.2 R/ I ERHE% - R R AR 54
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Co/Fe304 1 Ni/Fe3O, =Pkt /W2 R, £
XX — Rk R - R E SRS, C ikl
T Fe/FesO4 ¥ -52 92K 28 7] Fe/Fes04 £ FL1% -
FoG KA L1, Co/Fez O A 44 K Hy 25 (1191200 A1
Ni/Fe304 £ 2% - 724K 2k 1121 [ ] P2 40 285 J hH ¢
P REHTIE.

Kim 25 U171 5 & 78 AAO K58 T R bk o el
DU K Fegh K 2, 2R J5 18 T #4808 &
Fe/FeO, 1% -7 49 K 28, Chen % 18] 2 ff i ik
IKIGE L FERR DY Z B8 1) K #1500 °C R =S HIR
K133 a-Fey 03 /Si02 40K A%, 5 H T No/Hy S iit
H1400 °C N HEAT 5 h iR KA B, RIATTE e £L
Fe304/Fe/SiOy 1% -7 4Kk #s, HAL4E N 5—30 nm.
P RGP R DU R B, A oK R ) A FE A FE RN
TRAFEREA CE AL, I AR S 110 H i WAL 1k
CRITT W] AR W A B ) fige ike %5 2 —. Kazakova
A Holmes & [119:1201 ) F « AAO MR 7% + 8 s F¢
MARELFEA AR H @ H Co/Fez Oy [FH 2 K B 40
BE 1), 3X b — 2 R ot 45 1 LA TRUR IR B LA A1 TR
[F7) 2 0 oK R 0 1) S R T P 15 BT, AR IBURPIR
ghittyrp, PIMpEZ MY E A R 2 G (b i B
TRl AH Co AKX HEAH Fe3 O4) SRR 51 % FE HEAT fi 4

(a)

(b)

Co

F6304 Co

Fe304

50 nm 100 nm

Fe30,4-Co nanocables
Fe3O4

Co-Fe30,4 nanocables

(d)

CoO tpv = 8 nm
tarm = 2.5 nm CoO
tapm = 1.5 nm
F6304

Co
trm = 95 nm tpm = 81 nm

15 Co/Fe304 Fl Fe3Oy4/Co # -52 [F fl 44 K H 25 14 55 e
F (a)—(c) B B R T 3 7 [ (d) T

Fig. 15. Images of coaxial nanocables (119}, (a) SEM image
of Fe304/Co nanocables partially liberated from AAO ma-
trix, (b) TEM image of a single Co/Fe304 nanocable, and
(¢) TEM image of a single FezO4/Co nanocable. In both
cases nanocables are completely liberated from the matrix.
(d) Schematic representation of a cross section of the nanoca-

bles. Layer thicknesses are not in scale.
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H1 CogoPt10/Big.g7Lag.13FeO3(CoPt/BLFO) [12°]
VU Fh B bl ) 2 B % - R B oK, oy 3R
PR 2 GO R G B 16 P, A HL B e P R EAT
ARGV K 1) 9K 2 2R IE e BT W] 8
B AR MBI 2) AR TR T A0 R I B A A x5 A
Wi PEAT ik < BEE F; 3) 24k BFO 2 BLFO 7% )2
() S R B DT R 51 S T A8 i B AR Fu % 1201 3
1o [F il i B 97 22 BRI 25 T 2 Bk 1 ) BaTiOs/
CoFey04(BTO/CFO) #% -7 4K 41 4, FFIR NI
T Ao SR AU Wl H AR A AT A (R

Ni/BEO'NWs + {0

AAO membranes B
-

Ni/BEO
core-shell NWs

100 nm

K16 JURN UL Rk HE /2 A% -Se Rk 4k i S (1221251

Fig. 16. Microphotographs of several typical ferromagnetic/multiferroic core-shell nanowires .
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782 10) g i (0] | B A BT e (192 R i
ATl Kk 5 193] 24513,

Park fil Lee 27 DL CNF Ay J fi #y g HY 5] b 764
CNF/NiO# -7 4Kk s, JF e HAE 7 Li 51
H Y 0 BH AR b, S50 R IR 4K A A 5 I 3,
7] I A e T 15 2B 9. & 50k I 2

[122—125]

Jei, Z 4K HE F A AE 200 mA /g R I8 fE R
1k 825 mAh/g (I A &, H KA IR EIR.
Yuan 25 28] S5 78 CNT L 5 A7 A4 K H MnO, 442K
Fr, T TG W0 ) B A A e e p JEL BE 4 2—3 nm ) A
FLZnMny O 9K, H 2T i ZnMno O /CNT £
e R A AOK . % B 45 L AE LIB I FHAR, &
1£1224 mA /g I =g N R H KRR T2 &
(1033 mAh/g) #F f £ F 4R (528 mAh/g) ML
(A e M (AP R BB U8 5.2%). i
— 35, Wang % 12914 Co304 /K W % (PPy) 1% -5%
A4 oK 6B 51 F T s vERE LIB b, AT 3, AP
fEFE S5 20 A/g IHLIR T, XM ST RE4E FF — 4
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227501-14


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 22 (2018) 227501

Xu il Yao 2 (1301 75 B 499 K % 41 4 (CNTF) b
B K ZoNiCo £ (ZNCO)@Ni(OH), # -
TN K LG FE 5] (NWAs), FFHE X Fl =4k & 5 A 7
) ZNCO@Ni(OH), NWAs/CNTF F Tk X} # it8
FBAHT. AR, EFE1 mA/cm? K H
W% N B 2847.5 F/em® (2(10.678 F/cm?)
f e b2, X AN E 2 gl 2 ZNCO NWAs/
CNTF Hit¥% (2.10 F/cm?) FINi(OH),/ CNTF Hitk
(2.55 F/cm?) I 54% 54 1%, Zhan %5 %3] 48 & ¥
B2 -8 J0 1 A0 [ il 75 HL 27 22 43 R ) 4% HY p-Feo O3/
Tig.9Sig.102 (185 N Fe/TiSi) #% -5¢ 4 K £F 4, I
8 FH TG A e e T R B VA . SRR, 4
AR BHG AR WG RS 1 hf5, Fe/TiSighK 4k
2 of IV FH TR e AR 2 08 31 86.8% AN 71.1%, R
75 min Z J5 I B R WE 58 e B PR AR, BN, 1%
YR LT Y AT WA, AR — PR Bg 2k At AT BA [ Usg )
H, AR EAR R T 4eRhiaet BD G R /K 555 7K
GOREEERISE

T B/m/ U E M 4K
R

AR JE 0, SR Z b ) < = WINR 45K (1
HUWEZ R, 20T E) —HRZWW, X F 2R
TAZAR Z2 T A 1) (e i) 2 A SR T AL IR 25 44)) W]
DIRE BT, AR AL 10 0 35 e LSS
FRRFE DL R oAt 72 IR TR e % A U2 4, AT 3R E
SLILE A PR R Dh Re b 5 244k, DA 2 SE bR
AR PR AR TR A R Uk /5 R G R R B 4l
FRLAR R, FRAE “% /5% /507 G5B G E. TEX =
JCEEHIPR FR R, AT Lk B = AR R T s A R (A
WEPERATRE & & /B WD (B4 G A4 2 T 44) L Bt
MEECEPUE. S5 T)) RIFATHE, TR T
M. Tk, RATEX A T — 2 TAE, KI
% /5% ) 56 = JU 45 W (R RGP 2 4 oK b R AR S 4%
G FeA kL IR ZERER R T B e 5t M.

TG, KR SR A I P e S A AR AR
AL H ARG R R AL A S0 1 3d I 4R
YRR, 11 Fe@Si0y 1 NiQSiOq 1% /7544 K k.
KEMRENTLEHLZILSIO ), AT H— D
HA e, ORI R AE BURL 1) B A )2
W LI E B, TER T /58578 = n 4
Fe@Si0,@C [134:135] {1 Ni@SiO,@C [136] 57 & g %

Mok w17 R, TR R RS, BaK
TR Bl 35 20 ML B AE SiOq AR 52 Ff, #0AR S 15
B 70 GE, U IR R SRR I W P I AR E
WA T RERS. PR RN, XL 5T
¥ SiO, FlK 7¢ B KR+ 2 & A BHR i H 2,
RUPERAR IR T AR, A5 D L 4% 00 S 1 v 00 2 T A 1
Al th, PA I I WAk 1 S i) %t Co@ZnO
%/ SEAKIORL, [F) I F — R LR (UH B 2 —
%09 2.2, DPMIAA) &M T BUkL 14 2 1, Ff 3
HARB|—FEEY (w5 LM, PVDF) 1, &
LI % /78 /5% 1 Co@ZnOGDPMIAA-PVDF &
HH ST IX B /55 /T4 R AT LA BB 1k Co
FIORL R A2 BRI RL R I v A L A AR
(IR FEL YA B 19 15D 0 1 TS DA R A R LA R
e

CyH,
| — | —
400 °C

17 TR Fe/SiOg 4K UL £ pior 2 el [20)

Fig. 17. The synthesis process of carbon-coated Fe/SiO2

nanoparticles (207
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Fig. 18. RL spectra of Fe/SnO2/C composites [138].
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Abstract

Magnetic nanocomposites with core/shell structure are an important class of functional materials, and their com-
prehensive properties are affected by the microstructures of materials: they are largely dependent on the controlled
sysnthesis of the composite systems. In this paper, we review the research advances in the preparation, characterization
and performance of core/shell-structured magnetic nanocomposites, focusing on the following systems: 1) ferrite-based
permanent-magnet /soft-magnetic (or antiferromagnetic) composite nanomaterials; 2) nanocomposites comprised of the
magnetic core particles and the nonmagnetic coating layers; 3) carbon-based nanocomposites obtained by the catalytic
synthesis of magnetic particles; 4) nanocomposites with exchange bias effect; 5) one-dimensional nanocomposites with
coaxial core/shell structure; 6) core/shell/shell structured magnetic ternary nanocomposites. The components of these
composite systems include M-type permanent-magnet ferrites, 3d transition metals (and their alloys, oxides and car-
bides), multiferroics, nonmagnetic (such as insulator, semiconductor and organic molecule), and carbon materials. And
the emphasis is placed on the analysis of thermal stability, photoluminescence performance, photoelectrocatalytic ca-
pacity, electrochemical characteristics, microwave absorption properties, magnetoresistance effect, permanent magnetic
property, high-frequency soft-magnetic properties, exchange bias effect and related phenomenology for the core/shell-
structured nanocomposites. Finally, the future developing trend of the magnetic nanocomposites with core/shell structure

is presented, and some fundamental researches and modified applications are also proposed.
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