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Preparation of FegsSig ¢Als 4 soft magnetic composite powder with
silica insulation coating by sol-gel method
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Abstract: Silica insulation coatings were prepared on the surface of FegsSigsAls 4 powder by sol-gel method through
controlling the additions of tetracthyl orthosilicate (TEOS) precursor and (3-Aminopropyl) triethe-oxysilane (APTES)
coupling agent. The microstructures, composition and magnetic properties of the material were characterized by X-ray
diffractometry (XRD), Fourier transform infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS),
scanning electron microscopy (SEM), magnetic force microscopy (MFM) and vibrating sample magnetometry (VSM).
The results show that the compact amorphous silica layers with a thickness of 1-2 um are coated on the surface of the
FegsSigsAls 4 powder after surface modification by APTES and then followed by addition of TEOS. The thickness of
silica layer increases with increasing the addition of TEOS and APTES, and the saturation magnetization (M) varies
between 0.86 T and 0.90 T, with coercivity basically unchanged. The optimal coating effect and properties can be
obtained by adding 6 mL TEOS and 1 mL APTES, with saturation magnetization and coercivity reaching 0.90 T and
1 114 A/m, respectively.
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Table 1 Addition of TEOS and APTES in samples

Addition/mL
Sample No.
TEOS APTES

T2Al 2 1

T6Al 6 1
T10Al 10 1
T15A1 15 1
T20Al 20 1

T6A0 6 -
T6A0.5 6 0.5

T6A2 6 2
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Fig. 1 XRD patterns of FegsSig ¢Als 4 raw powder and powder
coated with silica under different processing conditions:
(a) FegsSiggAlsy raw powder; (b) 6 mL T6Al, 1 mL APTES;
(¢) 10 mL T10A1, | mL APTES
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Fig. 2 FTIR spectra of powder (Insert is magnification figure

between 415—1 200 cm '): (a) T6AL; (b) Raw powder
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Fig. 3 XPS spectra of FegsSig¢Als4 powder coated with (T10A1) before and after abrasion by Ar" for 500 s: (a) Survey scan;
(b) Detailed scan of O 1s; (c¢) Detailed scan of Si 2p; (d) Detailed scan of N 1s; (¢) Detailed scan of C 1s; (f) Detailed scan of Al 2p
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Fig. 4 MFM images of T6A1 coated powder: (a) Amplitude; (b) TM deflection
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Fig. 6 SEM images of raw powder and coated powder with different TEOS additions: (a) Raw powder; (b) T2Al; (c) T6AL;

(d) TI0AL; (e) TI5A1; () T20A1
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Fig. 7 FTIR spectra of coated powder with 6 mL TEOS and
different APTES: (a) T6AO; (b) T6A0.5; (c) T6AL; (d) T6A2
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Fig. 8 Hysteresis loops(a) and magnified details of H(b) and
My(c) of raw powder and coated powder with different TEOS
additions (Numbers in figures mean volume of TEOS in

mililiter, Y means raw powder)

R2 BRI REE M B He

Table 2 M, and H,; of raw powder and coated powder

Sample No. Hgy/(Am™") MYT
T2Al 1114 0.91
T6AL 1114 0.90
TI10Al 1273 0.87
T15Al1 1034 0.86
T6AO 1114 0.86
T6AO0.5 1193 0.88
T6A2 1114 0.87

Raw powder 1114 0.92
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