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Interface reactions between glass melts
containing transition metal oxides and

ferrites
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Department of Chemistry, Nagaoka University of Technology, Kamitomiokacho, Nagaoka,

Niigata-ken 940-21, Japan

The interface reactions between SiO,-~PbO-MO melts (M= Fe, Mn, Zn and Ni) and Mn-Zn
and Ni-Zn ferrites were studied using electron probe microanalysis and X-ray diffraction. Ni
ions in the glass melt containing NiO were localized at the interface between the glass and
Mn—Zn ferrite. The Ni-rich layer was also detected at the interface between NiO containing
glass melt and Ni-Zn ferrite; the composition of this layer was thought to be close to NiFe,O,.
PbgNiSigO,, crystal was deposited as the product of the reaction with the glass melt and
Mn-Zn ferrite at 700 °C. As compared with Mn—Zn ferrite, no reaction products were formed
in Ni-Zn ferrite at various temperatures. The dissolution length of Mn-Zn ferrite in SPN5 glass
melt was found to be smaller than for other melts, and it is concluded that the NiO-rich layer
at the surface of the ferrite is chemically very durable to the glass melts.

1. Introduction

It is important to investigate the interface and surface
reactions between various substances for the develop-
ment of many composite devices. Oxide glasses have
been extensively applied for electrical industrial prod-
ucts, although there have been only a few investiga-
tions on the interface reactions between glasses and
various materials.

Previously, Pask and co-workers [1-3] and Taka-
shio [4-7] have studied the interface reactions be-
tween metals and oxide glasses. Concerning the reac-
tions of magnetic materials, Tanigawa et al. [8, 9] and
Mino & Watanabe [10] have studied the interface
reactions of Mn—Zn ferrites with oxide glasses, and
Matusita et al. [11, 12] have studied the interface
reaction between Fe-Al-Si alloy (SENDUST) and
various oxide glass melts, analysing the reactions
based on the standard free energy diagrams of the
oxidation—reduction reaction. However, more sys-
tematic studies are expected to reveal the interface
reaction between oxide glasses and ferrites.

Recently, Nitta et al. [13-16] studied the interface
reactions between some ferrites and oxide glass melts.
They reported that the intermediate layers were form-
ed at the interface between the Mn~Zn ferrite and the
glass melt such as SiO,-PbO, SiO,-PbO-FeO, , or
Si0,-PbO-MnO. However, at the interface between
Mn-Zn ferrite and SiO,-PbO-ZnO melt, no inter-
mediate layers were observed. In this case, it was
found that Zn ions in the melt diffuse from the melt
into the ferrite, giving rise to the high Zn ion concen-
tration near the interface in the ferrite.

It is necessary to reveal the effect of various com-
ponents on the interface reaction mechanisms between
oxide melts and ferrites for developing devices such as
magnetic heads. The purpose of this report is to
investigate the interface reactions between SiO,-
PbO-NiO ternary melt and Mn—Zn and Ni-Zn fer-
rites, and in particular, to reveal the effect of NiO on
the reaction. For comparison, the effects of other
components were also studied.

2. Experimental procedure

The Mn—Zn and Ni-Zn ferrites used in this study
were polycrystalline, with chemical compositions of
Mn, gZnFeq ,0,,, and Niy,ZnFe, O, 5, respect-
ively, in atomic ratio. The glass compositions used are
shown in Table I and are expressed hereafter as SP64,
SPMS5, SPF5, SPZ5, and SPNS5. The procedures for
glass preparation and observation of the interface
reactions were the same as reported previously
[13-15]. A scanning electron microscope (SEM) and
electron probe microanalysis (EPMA) with wave-
length-dispersive X-ray spectroscopy (WDX) were
also used to analyse the interface reactions, as re-
ported previously [13-15].

The ferrite specimens, rectangles of 5x 5x 15 mm,
were immersed in the glass melts in alumina crucibles
and kept at 1000°C for 15-63 min under the atmo-
sphere. The specimens were cut out from the crucible
and polished into the desired shapes for SEM and
EPMA measurements. The size of the ferrite before
and after the immersion in the melts was measured

Present addresses: *ALPS Electric Co. Ltd, Nagaoka Plant, 1-3-5 Higashitakami, Nagaoka, Niigata-ken 940, Japan.
* Corning Japan K. K., Shizuoka Operations Center, Technical Center 12117, Ohbuchi, Osuka-cho, Ogasa-gun, Shizuoka 437-13, Japan.

0022-2461 © 1994 Chapman & Huall

2629



precisely using micrometer and photographic obser-
vation. The dissolution length was calculated from the
size diminution during immersion.

3. Results and discussion

Fig. 1 shows SEM photographs and the lines traced by
WDX of the interface between SPNS5 glass and
Mn—Zn ferrite, heat-treated at 1000 °C for 1 h. As seen
in Fig. 1, the lines traced by characteristic X-rays of Fe
and Zn monotonically change in close vicinity to the
interface, while the concentration of Mn is high in this
interface region. In contrast, the concentration of Ni
shows a maximum at the interface between glass and
ferrite, indicating that Ni ions in the melt localize at
the interface. It is obvious that Ni ions in the melt

TABLE I Glass Composition (in mol %)

Glass Si0O, PbO MnO FeO,; ZnO - NiO
SP64 60 40 - - - -
SPMS5 55 40 5 - - -
SPF5 55 40 - 5 - -
SPZ5 55 40 - - 5 -
SPN5 55 40 - - - 5
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Figure 1 Line traced by characteristic X-rays of Fe, Mn, Si, Zn, and
Ni across the interface between SPNS glass and Mn—Zn ferrite heat-
treated at 1000 °C for 60 min.
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diffuse into the ferrite, suggesting that the Ni ions in
the melt have high chemical potential. This coincides
with the narrow glass-forming regions of the
Si0,-PbO-NiO ternary system compared with the
wide glass-forming regions of SiO,-PbO-MO (M
= Mn, Fe, and Zn) systems [17].

According to X-ray diffraction (XRD) analysis of
powder mixtures of SPNS glass and Mn-Zn ferrite
heat-treated at 700°C for 1h, PbgNiSiO,, crystal
was found as the reaction product, but no reaction
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Figure 2 Line traced by characteristic X-rays of Fe, Ni, Si, and Pb
across the interface between SPNS5 glass and Ni-Zn ferrite heat-
treated at 1000 °C for 60 min.



products were detected in the specimens heat-treated
at above 800 °C.

Fig. 2 shows SEM photographs and the lines traced
by WDX of the interface between SPNS5 glass and
Ni—Zn ferrite, heat-treated at 1000 °C for 1 h. As seen
in Fig. 2, Ni ions also localized at the interface be-
tween glass and ferrite, although Fe and Zn ions
change almost monotonically in close vicinity of the
interface. 1t is thought that Ni ions diffuse into Ni-Zn
ferrite from the glass melt because of the high chemical
potential of Ni ions in the melt [17]. As a result, the
composition of the ferrite should be close to NiFe,O,
at the interface.

Figs 3 and 4 show the relationship between reaction
time and dissolution length of Mn-Zn and Ni-Zn

70

Dissolution length {(ym)

0 P S . . L 1 " L L

0 10 20 30 40 50 60 70
Reaction time {min)

Figure 3 Relationship between reaction times and dissolution
lengths of Mn—Zn ferrite immersed in various glasses at 1000°C. W,
SP64; O, SPF5; A, SPM5; @, SPN5; O, SPZS.
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Figure 4 Relationship between reaction times and dissolution
lengths of Ni~Zn ferrite immersed in various glasses at 1000°C. W,
SP64; O, SPF5; A, SPMS5; @, SPN5; (3, SPZS.

ferrites, respectively, immersed in various glass melts
at 1000°C. It is seen that the slope of the dissolution
length of Mn—Zn ferrite in Fig. 3 is steeper than that of
Ni-Zn ferrite in Fig. 4, indicating that Ni-Zn ferrite is
more durable to the glass melt. It is noticeable, how-
ever, that the dissolution rate of Mn-Zn ferrite is
remarkably low in the melt containing NiO, com-
pared with those in NiO-free melts, as seen in Fig. 3.
This indicates that the Ni-rich layer formed at the
interface between SPNS5 melt and Mn-Zn ferrite is
chemically durable to the melt.

Nitta et al. [15] previously studied the interface
reaction between Ni—-Zn ferrite and SiO,-PbO melt.
They reported that the Zn ions dissolve from the
ferrite into the melts and the Ni ions remain in the
ferrite, giving rise to the formation of a durable layer
of NiO high concentration at the interface.

4. Conclusion

The interface reactions between SiO,~PbO-MO melt
(M = Fe, Mn, Zn and Ni) and Mn-Zn and Ni-Zn
ferrites have been investigated. It was found that in the
reaction of SPN5 melt and Mn-Zn ferrite, Ni ions in
the melt localized at the interface, indicating that the
Ni?* ions in the melt diffuse into the ferrite. More-
over, even in the reaction in SPNS5 melt and Ni-Zn
ferrite, the Ni®* ions in the melt were found to diffuse
into the ferrite.

It was also found that the dissolution length of
Mn-Zn ferrite in SPN5 melt is smaller than that in
any other melts, indicating that the Ni-rich layer is
chemically durable to the glass melt.
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