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Preparation and Properties of FeZrB

Amorphous-Nanocrystalline Soft Magnetice Alloy

HUA Zhong, SUN Yaming, WEI Maobin, YU Wangqiu
(College of Physics, Jilin Normal University, Siping 136000, China)

Abstraet: FegZr,B |, amorphous alloy was prepared by mechanical alloying(MA) method and

annealed at different temperatures. Microstructures and magnetic properties of FeggZr,oBj, alloys
as-milled and annealed at 693, 843, 943 and 993 K were studied. The raw powders(Fe, Zr, B) formed b.
c. ¢. a-Fe solid solution at early stages of MA and then transformed into amorphous alloy. Grain

size(D) of FegsZr,0B1, alloys increases with increasing annealing temperature and keeps at nanometer

level. The specific saturation magnetization( o) increases with increasing annealing temperature from

300 K to 943 K, and then decreases with annealing temperature at 993 K because of the precipitation of

F€3B.

Key words: FeZrB amorphous-nanocrystalline alloy; grain size; specific saturation magneti-

zation

1 Introduction

Fe-Zr-B amorphous-nanocrystalline alloy charac-
terized by low coercive and high saturation magnetiza-
tion'! is one of the most extensively studied soft mag-
netic materials. Many researchers attach importance to
the study of crystallization mechanism, thermal stabili-
zation and magnetic properties[2'4]. However, the prepa-
ration of Fe-M-B (M=Zr, Nb, Hf) alloys usually adopts
melt spinning, and study on magnetic property of Fe-M-B
alloys focuses on coercivity.

In the present work, FegsZryoB;, amorphous alloy
was prepared by mechanical alloying(MA) and annealed
at 693, 843, 943 and 993 K for 1 h. The formation of
FegsZr,0B 12 amorphous alloy was studied, and the influ-
ence of annealing on grain size (D) and specific satura-
tion magnetization was investigated.

2 Experimental

Samples with nominal composition of FeggZryB,
were prepared by mechanical alloying (MA) technique.
Fe, Zr and B powders with a purity of more than 99.5%
were mixed and milled under an argon atmosphere using
GN-2 planetary ball mill. The ball-to-power weight ratio
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was 30:1. After different milling times (5 h, 15 h, 45 h, 60 h),
the mechanical attrition was interrupted and a small
quantity of powder was taken out for further characteri-
zation. The FeggZry0B; alloy milled for 60 h was an-
nealed at 693, 843, 943 and 993 K for 1 h at heating-up
rate of 10 K/min under Ar atmosphere.

The microstructure of the samples was analyzed by
X-ray diffraction (XRD, Rigaku D/max 2500/PC CuKa)
and transmission  electron  microscopy (TEM,
JEM-2100E, 200 kV). The crystallization temperature
was measured by differential thermal analysis (DTA, PE
TG/DTA-6300). The magnetic property was measured by
vibrating sample magnetometer (VSM, Lake Shore M7407).

3 Results and Discussion

Fig.1 shows the XRD patterns of FegsZryoB1; alloy
after different milling time. The diffraction peaks de-
crease in intensity and become broader with the increase
of milling time, which is related to the gradual refinement
of grains and the increase of lattice strain”'. When the
milling time reaches 15 h, the diffraction peaks of Zr and
B vanish, which confirms the forming of «-Fe solid
solution. After 60 h of milling, a broad diffraction hump
appears, which confirms the formation of amorphous
phase. Based on the above-mentioned analysis, the for-
mation of FeesgZry0B > amorphous alloy experiences two
distinct stages raw powders(Fe, Zr, B) — b. c. ¢. a-Fe
solid solution—amorphous.



748

(110) A—o. Fesolid solution

—_—

=
=
()
—

5

=1 e P EL

=

2

= ™, _45h
N, 60h

30 40 50 60 70 80 90
20/(°)

Fig.1 XRD patterns of FegsZr,B, alloy as a function of MA time
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Fig.2 XRD patterns of FeggZr0B;, alloy milled for 60 h and
annealed at 693, 843, 943 and 993 K for 1h. Insert shows
the DTA curve of FegsZr,oB 1, alloy milled for 60 h

According to the DTA curve of amorphous alloy, as
inserted in Fig.2, the amorphous sample was annealed at
693, 843, 943 and 993 K. The XRD patterns of the sam-
ples milled for 60 h and annealed at different tempera-
tures are shown in Fig.2. When the annealing temperature
reaches 693 K, a -Fe phase precipitates from the
amorphous matrix. Further increase of annealing tem-
perature results in the more precipitation of crystalline
phase and the gradual disappearance of amorphous ma-
trix. When annealing temperature reaches 993 K, Fe;B
and ZrO; precipitate. The appearance of ZrO, may be due
to the oxidation during milling"".

Fig.3 shows the TEM images and the selected area
electron diffraction (SAED) patterns of the sample an-
nealed at 843 K. It can be seen that nanocrystalline
phases are formed. The SAED pattern indicates that the
sample annealed at 843 K contains amorphous and pre-
cipitated phases. The precipitated phases contain o-Fe
together with other phases.

Fig.4 shows the microstructure of FeggZr0B1, alloys
annealed at 693, 843, 943 and 993 K. It can be seen that
grain size increases with increasing annealing tempera-
ture.

Vol.24 No.5 HUA Zhong et al: Preparation and Properties of FeZrB ...

e t-Fe2ll

Fig.3 TEM image and selected-area electron diffraction pattern
of the sample annealed at 843 K
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Fig.4 Microstructure of FegZryoB1, alloys annealed: (a) at 693 K;
(b) at 843 K; (c) at 943 K; (d) at 993 K
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Fig.5 Variation of grain size (D) and specific saturation mag-
netization( o) of FegsZr 0B, alloy milled for 60 h as a
function of annealing temperature

Fig.5 shows the variation of grain size (D) and spe-
cific saturation magnetization( o ;) of FeggZryoB2
amorphous alloys as a function of annealing temperature.
The grain size increases with increasing temperature and
keeps at nanometer level. The variation of o is more
complicated with the increase of annealing temperature.
o increases slowly in the initial stage, then increases
sharply and reaches 72.3 Am®/kg at 943 K. However, it
decreases at 993 K.
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As can be seen from Fig.5, grain size increases
slowly in the initial stage (below 843 K), then increases
sharply with the increase of annealing temperature and
reaches 31.7 nm at 993 K. Atom diffusion and nucleation
rate are low in the initial stage of crystallization, so grain
size increases slowly in the initial stage (below 843 K).
With further increase of annealing temperature, the en-
ergy offered by outside can overcome the obstacle of
nucleation. Therefore, a lot of crystal nucleuses come
into being continuously, which makes nucleation quick
and grain size increase.

The variation in specific saturation magnetization
may be related to the competition between the ferro-
magnetic and antiferromagnetic exchange interaction.
The specific saturation magnetization of the as-milled
alloy is low, which may be due to the formation of anti-
ferromagnetic coupling between Fe and Zr with long time
millingm. When annealing temperature is below 843 K, a
small amount of a-Fe crystalline will precipitate. The
competition between ferromagnetic and antiferromag-
netic exchange interactions causes the slight increase of
o . According to the nearest-neighbor coordination
model, the magnetic moment of iron atoms is assumed to
depend on the number of magnetic atoms and
non-magnetic atoms in the first nearest-neighbor shell.
Above 843 K, more «-Fe crystalline precipitates, and a
Zr and B depleted environment are formed around Fe

atoms[sl

. This led to the sharp decrease of antiferromag-
netic exchange interaction and the increase of ferro-
magnetic exchange interaction. Therefore, the o, increases
sharply and reaches 72.3 Am?kg at 943 K. Due to the pre-

cipitation of FesB compound, g, decreases at 993 K.
4 Conclusions

a) The formation of FeggZryoBi, amorphous alloy
experiences two stages: the raw powders(Fe, Zr, B) form
the b. c. c. a-Fe solid solution and then transform to
amorphous alloy.
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b) Grain size increases continuously with the in-
crease of annealing temperature, and reaches 31.7 nm at
993 K.

c¢) The variation of o is complicated. With the in-
crease of annealing temperature, o increases slowly in
the initial stage, then increases sharply and reaches
72.3 Am*/kg at 943 K. Due to the precipitation of Fe;B
compound, o decreases at 993 K.
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