% F F R oo

ACTA CHIMICA SINICA DOI: 10.6023/A12080587

Fe-Ni §&/Ni £ SR E SN KTFHBFF. RIESHIEREMR
EES ORI AR R

(VLR BB BUT 212003)
CILHRE FERRRE S RGBT 212013)

WE RNERILE A AREER% T — RSP EZRZ 60~70 nm ) Fe-Ni &5 8/Ni SRAAZ SR T4,
IR -ZE R . XTI . SRR GBI A B IX TSN MR B L 2R T A B BT SR A LT L FA
AT o AL HARP= 0 R A Sk . ARG TESUMIBEPEREEAT T 3RAE. G9REoR, Ni BRERGIKETYE ] 6k 2 S L
D JSE A I3 i 7 00 (R RH AL PSRN RGP A A A 3 (52 JIT A Fe-Ni 5 /N BRSAUA R AR ET4E I T Fe-Ni 54
PISIANRILE NI R ARG RE, A BATEAR )47 AE R AP ROl &, JLRARREAT 0 I IF) — S AR PEAT R £ R &
YR LT UERETERE L BTS¢ A AR A TR Fe-Ni 5 <M1 Ni BRI P SRS A AN [ LR RRE RS AR AL AN G AT ELAT
(MR R HEAT fif R

RBEWE  Ni kA Fe-Ni & EA90KETYE, BATERE, Biagise; S (Hut)R

Preparation, Characterization and Magnetic Properties of
Fe—Ni Alloy/Ni-Ferrite Composite Nanofibers
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Abstract A series of Fe-Ni alloy/Ni-ferrite composite nanofibers with average diameters of 60~70 nm were successfully
fabricated using electrospinning combined with the hydrogen-thermal reduction method. The thermal decomposition behavior
of electrospun precursor nanofibers and crystal structures, phase compositions, morphologies and magnetic properties of the
resultant products were characterized by means of thermogravimetric and differential thermal analysis, X-ray diffraction,
scanning electron microscopy, transmission electron microscopy, selected area electron diffraction, and vibrating sample
magnetometer. It is found that both the preparation temperature of the pristine Ni-ferrite nanofibers and the reduction tem-
perature have considerable influences on the phase compositions and magnetic properties of the corresponding reduction
products. With increasing reduction temperature from 270 to 400 °C for the Ni-ferrite nanofibers prepared at 550 ‘C, the con-
tent of Fe-Ni alloy in the reduction products increases gradually, the saturation magnetizations, remanences and coercivities
increase initially, respectively reaching a maximum value of 203.0 emueg ', 54.9 emusg ™' and 42.7 kA*m™" for the compos-
ite obtained after reduction at 320 °C, with a mass fraction of about 82% for Fe-Ni alloy, and then decrease with a further
increase in reduction temperature. As the preparation temperature of the pristine Ni-ferrite nanofibers decreases from 700 to
400 ‘C, the saturation magnetizations of the corresponding products obtained at the same reduction condition (i.e., reduction
at 300 °C for 1 h) increase gradually, while their remanences and coercivities show a trend of first increase and then decrease,
and the reduction product of Ni-ferrite nanofibers synthesized at 500 ‘C has a maximum remanence and coercivity of 62.2
emueg ' and 47.8 kAsm ', respectively. Compared to the pristine Ni-ferrite nanofibers, the prepared Fe-Ni alloy/Ni-ferrite
composite nanofibers exhibit more excellent soft magnetic properties with much enhanced saturation magnetization due to
introduction of Fe-Ni alloy phase. Furthermore, the composite nanofibers composed of three magnetic phases in crystallog-
raphy show a good single-phase magnetic behavior, implying that these magnetic phases in composites are well exchange-
coupled with each other. The observed changes in magnetic properties for the prepared composite nanofibers can be ex-
plained on the basis of the differences in intrinsic magnetic properties between Fe-Ni alloy and Ni-ferrite phases and the
changes in grain size, phase composition and magnetic interactions. These novel magnetic composite nanofibers have poten-
tial application prospects in flexible magnets, sensing devices, catalysis, microwave absorption and electromagnetic interfer-
ence (EMI) shielding.
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Figure 1 Low-magnification and high-magnification FE-SEM images
of as-spun precursor nanofibers
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Figure 2 TG-DTA curves of precursor nanofibers
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Figure 3 XRD patterns of the synthesized Ni-ferrite nanofibers calcined
at 550 C and the corresponding products obtained after reduction in H, at
different annealing temperatures for 1 h

(a) Ni-ferrite nanofibers prepared at 550 ‘C in air; (b) reduction product at 270
°C; (c) reduction product at 280 C; (d) reduction product at 290 C; (e) reduc-

tion product at 300 C; (f) reduction product at 320 C; (g) reduction product at
400 'C
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Figure 4 XRD patterns of the products obtained after reduction at 300
°C for 1 h for Ni-ferrite nanofibers prepared at different temperatures

(a) reduction product of Ni-ferrite nanofibers prepared at 400 C; (b) reduction
product of Ni-ferrite nanofibers prepared at 500 ‘C; (c) reduction product of
Ni-ferrite nanofibers prepared at 550 C; (d) reduction product of Ni-ferrite

nanofibers prepared at 600 C; (e) reduction product of Ni-ferrite nanofibers
prepared at 700 'C
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Figure 5 (a, d and g) SEM images, (b, e and h) TEM images and (c, f
and i) SAED patterns of Ni-ferrite nanofibers prepared in air at 550 ‘C
and Fe-Ni alloy/Ni-ferrite composite nanofibers obtained after reduction
at 300 and 400 C
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Figure 6 Room-temperature hysteresis loops of Ni-ferrite nanofibers
synthesized at 550 ‘C in air and composite nanofibers obtained after re-
duction at different temperatures

(a) Ni-ferrite nanofibers prepared at 550 ‘C in air; (b) reduction product at 270
°C; (c) reduction product at 280 °C; (d) reduction product at 290 C; (e) reduc-
tion product at 300 ‘C; (f) reduction product at 320 °C; (g) reduction product at
400 C
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Figure 8 Variations of M, M, and H, of the reduction products with the
preparation temperature of the pristine Ni-ferrite nanofibers
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