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CRYSTALLIZATION BEHAVIOR OF AMORPHOUS

Fege. 33— 1.06x Wo. 62+ 0. 06xS13B10+ x ALLOYS

®
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ABSTRACT  Fegs 33— 1.06x Wo. 62+ 0.06x Si3Bjos « (2 = 0~ 22%, mole fraction) alloys were prepared by

rapid quenching. It was found that the glassforming range is 15% ~ 28% B( mole fraction) . The experimental

results for crystallization temperatures, crystallization phases, heats of crystallization, activation energies and

microhardness were presented. The crystallization temperature increases with the increase of microhardness

and decreases with the increase of electron concentration. The thermal stability increases first with increasing

boron content and decreases later with further increasing boron content, and the most stable case occurs at

23% B( mole fraction) .
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1 INTRODUCTION

Fe SrB alloys have high glass-forming abilr
ty (GFA) and practical use as a soft ferromag-

netic material. Naka and M asumoto!!!

reported
that the formation of the amorphous single phase
ranged from O to 19% Si( mole fraction) and
10% to 26% B ( mole fraction) for the single
roller method, Gibson and Delamore ?! studied
the crystallization of the low silicon content Fe
StB amorphous alloys, Inoue et all”l studied
this system with high silicon content and found
the glassforming range was from 0 to 29% Si
(mole fraction) and 5% to 26% B( mole frac
tion), Ramanan'* studied the effects on the
crystallization behavior due to the addition of a
small amount of various elements in the Fesg
XoSiyBig system ( X= Ti, Zr, Hf, V, Nb, Ta,
Cr, Mo, W, Mn, Co, Ni, Pd, Cu, Al and
Ge).

o 5- 8
were also reported in literatures’ > ®'. For the

The ternary FeW-B amorphous alloys

quaternary system, Song et al'”! had studied the
FesqoNigp- , W, Bg amorphous alloys.

We had studied the Fe B binary and Fe-SrB

- 12]

ternary amorphous alloys ' Considering

few works on FeW-SrB alloys, in the present
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paper we systematically study the glassforming
range, crystallization temperature and crystal
lization process, heat of crystallization, activa
tion energy and microhardness for the amorphous

Fese. 35— 1.06x Wo. 62+ 0.06x S13B10+ « alloys.
2 EXPERIMENTAL

The master ingot was prepared under an ar-
gon atmosphere in an arc furnace and its compo-
sitlon was Fe51_ 53 Wz_ 59 Slg 93 B41_ 49 ( mole frac-
tion, % ). Adding iron and silicon to adjust the
composition in an induction furnace under an ar-
gon atmosphere, the Fese 35— 1.060 Wo. 62+ 0.06x
SizBio+ . (x =0, 5, 10, 12, 13, 14, 15, 18,
20 and 22) alloys were prepared. The alloy but-
tons, each weighing about 30 g, were remelted
several times to ensure the homogeneity of com-
position. Each alloy buttons were then placed in-
to quartz tubes with a hole of about 0. 4 mm in
diameter at one end, quickly remelted by induc
tion heating, and then ejected onto a copper
chilkblock of 350 mm diameter rotating at 1 500
r/min by pressurized argon gas. The resulting
ribbons were about 30 Hm in thickness and 1 mm
in width.

The crystallization temperatures, heats of
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crystallization, and activation energies for crys-
tallization were studied by means of a calibrated
differential scanning calorimeter ( DSC), Dupont
1090, in an atmosphere of purified argon and at
variable heating rates.

Using CuKy radiation and a graphite
monochromater, X-ray diffraction patterns were
employed to check whether ribbons were amor-
phous and to identify the crystallization prod-

ucts. The microhardness was measured under a

load of 0.25N.
3 RESULTS AND DISCUSSION

The results of X-ray diffraction indicate that
the structures of the asprepared samples are:

x= 0, tFet+ t-FesB;

x =5, amorphous or a-Fe+ amorphous;

x= 10, 12, 13, 14 and 15, amorphous;

x = 18, amorphous or FesB+ amorphous;

x = 20, amorphous+ aFe+ FepB;

x= 22, tFet+ FeyB.

These results imply that the structures of
the ribbons can be divided into three classes.
The first class is the easy-forming alloys, which
includes the alloys with x = 10, 12, 13, 14 and
15. The second class is the difficult-forming al-
loys, which includes the alloys with x = 0, 20
and 22, i.e., it is impossible to form amorphous
phase in these alloys by rapid quenching. The
third class is the criticakforming alloys, which
includes the alloys with x = 5 and 18. For these
alloys, only operating carefully with desirable
spin technical parameters, completely amorphous
single phase can be obtained, otherwise, a mix-
ture of amorphous phase and some crystal phase
will be obtained. Therefore, for this system, the
glass forming range is from 15% B to 28% B
(mole fraction) when the silicon content is at
3% (mole fraction). Naka et al''l identified the
glass forming range for Fejg- ., SizB, ternary
system is from 12% B to 22% B( mole fraction)
and they predicted the glass-forming range would
be from 11% B to 26% B( mole fraction) .

These facts show that the GFA is basically
not changed by adding tungsten into the FeSrB
system, so that tungsten element has similar ef-
fects on the GFA as iron element.

M easurements of the crystallization temper-
atures of amorphous alloys were carried out in
the DSC at variable heating rates. The peak
crystallization temperature T ,, activation energy
E, and crystallization enthalpy AH . were deter-
mined from the DSC measurements and listed in
Table 1. The DSC curves for the amorphous al
loys show that they only have one exothermic
peak except the alloy with x = 5. The onset
crystallization temperature T (o and peak crystal-
lization temperature 7', at a 10 K/ min heating
rate are plotted in Fig. 1 as a function of boron
content. It is shown that both of them increase
rapidly with the increase of boron content at low
boron content and decreases a little at high horon
content. There is a maximum value at 23% B
(mole fraction) and 25B% ( mole fraction) for
T oand T, respectively.
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Fig. 1
and peak temperature 7', against boron content

Onset crystallization temperature Ty

Ramanan'*! reported that the two peak tem-
peratures were 790.76 K and 812.78 K for
FegoSisBie alloy, 741.00 K and 855.00 K for
Fe;sW,SiuBie alloy at a heating rate of 20 K/
min. Hagiwara et al'”! reported the first crystal
lization temperature for Fegy SisBjs amorphous
wire was 763 K. The two peak temperatures for
Fegi.07Wo.93Si3B1s amorphous alloy of the pre

sent work are 737 K and 811 K respectively.

[

Gibson and Delamore!?! reported the peak tem-
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Table 1 T,, E,and AH.of amorphous Fegs 35- 1.06x Wo. 62+ 0. 06xS13B10s x
alloys taken from DSC curves
Crystallization Activation Crystallization
Alloy Heating rate temperature energy enthalpy
.. N 1 [ Jve -1
composition x JK*min~ /K / eV *atom /kJ*mol
Tpl TpZ Eul EalZ AH('] AH('Z
5 724 802
10 737 811
5 15 745 216 2.36 4.26 3.58 2.92
20 750 820
5 795
10 805
10 15 Q11 3.87 6. 64
20 814
5 808
10 819
12 15 226 3.48 6. 59
20 830
5 819
10 828
13 15 234 4. 18 5.75
20 838
5 821
10 832
14 15 239 3.59 8.09
20 843
5 821
10 833
15 15 240 3.31 7. 14
20 845
5 818
10 830
I8 15 Q37 3.30 6. 89
20 842
; ; ; ne 620 C, 1h
perature of Fe74SisBy alloy was about 82?? K, St Fet FeyB
and the peak te@perature of Fe73_(,4W1_36513B22 x= 10, 12, 13 or 14
amorphous alloy in the present work is 819 K. 550 C.
X-ray diffraction studies were performed on Amorphous FP’BJF ke
, . . ¢ ; i 620 C, 1h
all samples after l‘h heat tl‘"eatment t‘o determine SFe,Bt o Fe
the structures of intermediate and final phases.
x= 15 or 18

The results for crystallization processes and prod-

ucts are summarized as follow%

500 C,
x=35 Amorphous —)G'FP+ Amorphous

550 C,
Amorphous —)F92B+ aFe
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For x = 5, the crystallization involves two
distinct stages as described previously. The first
exotherm corresponds to the precipitation of o
Fe, a primary crystallization process. The sec
ond exotherm corresponds to the eutectic crystal
lization process. All the other samples have an
eutectic crystallization process, but their crystal-
lization products are different. For x = 10, 12,
13 and 14, the crystallization products are aFe
and FesB; for x = 15 and 18, the crystallization
products are acFe and FeoB. At higher tempera
tures, FesB phase transforms to aFe and Fe,B
phases, since Fe3B phase is a metastable phase.

The enthalpy change upon crystallization,
AH ., is determined from the first crystallization
DSC peak area at a heating rate of 10 K/ min in
this work. Fig. 2 shows the compositional de-
pendence of AH . on boron content for the sam-
ples measured, which shows a maximum occurs
at 24% B ( mole fraction). According to other

14, 15
workers 1

, maximum in AH . corresponds to
equilibrium or metastable phases, we would ex-
pect in the present work this phase is FesB, be
cause the composition of Fe7; 51 Wi 49 SizBog is
near FesB and its crystallization products indeed
have FesB phase, and for higher boron content
alloys, the crystallization products are aFe and

Fe;B phases.
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Fig. 2 Enthalpy associated with crystallization
AH . and activation energies for
crystallization E, against boron content

There are several ways to determine the ac

tivation energies for crystallization (Ea)“(’]_

The general way is the Kissinger’ s method with
different heating rates. The compositional de-
pendence of E, for the samples measured is also
shown in Fig. 2. FE, increases rapidly with the
increase of boron content until it reaches a maxi-
mum value at 23% B( mole fraction), then de
creases and tends to a definite value with further
increasing boron content. This implies that
Fe7 s7W 1 43S13B23 alloy is the most stable amor-
phous alloy.

The correlation between electronic concen-
tration and crystallization temperature is shown
in Fig. 3. The average outer-electron concentra-
tion increases with the decrease of the crystalliza
tion temperature.
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Fig. 3 Average outer-electron concentration
and microhardness against peak
crystallization temperature

There exists a strong correlation between
microhardness HV and crystallization tempera

ture for a large number of amorphous alloys' !

The higher the HV, the higher the crystalliza-
tion temperature, and the stronger the thermal
stability. Inoue et al'’! identified the similar
correlation for the FeSrB amorphous alloys.
This correlation for present alloys is also shown
in Fig. 3. Indeed, the crystallization temperature
increases with the increase of hardness. There
are very few data about hardness of FeSrB
amorphous alloys with low silicon content.
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4 CONCLUSIONS

A series of FeW-SrB alloys have been pre-
pared. The amorphous forming range for the liq
uid-quenched Fege 35— 1.06: Wo. 62+ 0.06x Si3Bios «
alloys is 15% ~ 28% B( mole fraction) .

T he crystallization processes of Fege 33- 1. 062
Wo. 62+ 0.06:S13B10+ » amorphous alloys are as fol-

lows:
x= 5, Amorphous & Fe+ Amorphous
—aFe+ Fe,B;
x= 10,12, 13 and 14,
Amorphous —Fe;B+ aFe
—aFet Fe,B;

x= 15 and 18, Amorphous @ Fe+ Fe,B.

The thermal stability increases first with in-
creasing boron content and decreases later with
further increasing boron content, and the most
stable case occurs at 23% B( mole fraction) .
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