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ABSTRACT

The addition of Mn to Co-base Si-B amorphous alloys which have higher
crystallization point (Tx) than the Cuxie point (Tc) has been investigated,
aiming an enhancement of magnetic induction. It 1s found that the addition
of the small amount of Mn, 0<Mn<3 at %, enhances the magnetic induction.
The Tx is increased with the Mn content whereas the Tc is decreased. Thus,
we have an improved amorphous alloy having a wide (Tx - Tc) with a large
magnetic induction.

INTRODUCTION

The rapidly quenched Co-base Fe Si B amorphous alloys, which have
nearly zero magnetostriction 1) and high permeability, are suitable materi-
als for a magnetic core operated in high frequencies. To response on high
coercive force of the magnetic recording media, the magnetic head core
materials having a high magnetic induction are urgently required for
attaining a good recording performance. To obtain high magnetic imduction,
a few authors have studied the alloy compositions of Co-base amorphous
alloys(z)s (3}. We have studied with the addition of Mn. Imn this report,
we shall deseribe the results of the addition of Mn to the alloys on
magnetization, magnetostriction, Curie point and crystallization point.

EXPERIMENTAL

Amorphous alloy ribbens in 40um thick and 20mm width were prepared by
rapldly quenching method using a single role, Amoxrphous state of the
ribbons was examined by x-ray diffraction analysis. Saturation magnetiza-
tion (0g) at room temperature was measured with a sample vibrating magneto-
meter, magnetostriction (Ag) with a bonded strain gage (Type S104K-M) and
Curie point (Tc) with a magnetic balance. Determination of crystallization
point (Tx) was done by DTA.
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RESULTS AND DISCUSSICNS

The effect of a partial substitution of Co with Mn on Og of Co-Si-B
and Co-Fe-5i-B amorphous alloys has been examined. Figures 1 and 2 show
the results. It can been seen that as the Mn content is increased, Og is
increased and then decreased through the maximum Gg at about 2.5 at X.
Mizogushi has observed the similar results with the magnetic moment in the
(Co-rich Mn)g¢P; o817 amorphous alloy( .
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Fig 1. Saturation magnetization (Og) at & room temperature as a
function of Mn-content in Co-Si-B amorphous alloy.
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Fig 2. Saturation magnetization (Jg) at a Toom temperature as a
function of Mn-content in Co-Fe-Si-B amorphous alloy.
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The results of Tec are shown in Figures 3 -and 4. ‘It may be said that Tc is
decreased monotonically with increasing Mn content in both systems.
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Fig 3. <Curie point (Te) plotted againgt Mn-content in Co-Si-B
amorphous alloy.
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Fig 4, OCurie point (T¢) plotted against Mn-content in Co-Fe-Si-B
amorphous alloy, . :
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In contrast with Te, Tx is increased monotonically with Mn content in both
systems. These results are shown in Figures 5 and 6.
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Fig 5. Crystallization point (Tx) vs. Mn-content in Co-8i-B
amorphous alloy.
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Fig 6. Crystallization point (Tx) vs. Mn-content in Co-Fe-Si-B
amorphous alloy.
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Figure 7 shows the change in Ag with Mn content in Co;5-xMnxSiiiBi,
amorphous alloy. It may be seen that the Ag value moves to positive side
with the Mn content, however, the effect by Mn is small as compared with
that by Fe in Co-Fe-Si-B amorphous alloy.
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Fig 7. The change of Ay for Co7g-xMny,S1i11B11 is plotted as a
function of Mn (x).

As—quenched amorphous alloys usually have a large internal stress and
exhibit a very low permeability. The low permeability is improved when the
alloys are annealed at a temperature (T,) between Te and Tx if Te<Tx. If
the alloys have Tc >Tx, i.e., Tp<Tc, the permeability do not be improved,
rather deteriorated, by a conventional anmealing technics because a small
anisotropy is induced with atom-rearrangement driven by internal magnetic
moment. The amorphous alloys in high magnetiec induction range, in general,

are characterized by Te > Tx. This is demonstrated in Figure 8 with the
shadow area.
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Fig 8. Saturation magnetization (05) at room temperature, Curie
point, and crystallization point as a function of total
transition metal's content in Co-Fe-Si-B amorphous alloy.
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Figure 9 shows the values of (Tx —Tc) in (Co Fe)igg-29SiyBv and (Co Fe Mn)
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100-2vSiyBy, which the (Tx -Tc) values are plotted as a function of transi-
tion metal's content, corresponding to Bs.
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© Fig 9. The value of (Tx - Te¢) for Co-Fe-5i~B and Co-Fe-Mn-Si-B
amorphous alloys plotted against total transition metal’s
content having the same magnetic induction.

Considering the above results, one may allow us to draw a conclusion
that the addition of Mn improves g value of the amorphous alloys as well
as extending (Tx -Tc).

CONCLUSIONS

We have studied the magnetic properties of Co-Mn-5i-B and Co-Fe-Mn—Si-B
amorphous alloys as a function of the Mn content. It is found that the
addition of the adequate amount of Mn (2~4 at %) extends the (Tx -Te) value
of amorphous alloys, with the improved magnetic induction. With the wide
temperature range of (Tx~-Tec), the permeability of the alloys is easily
improved by the conventional annealing technique.
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