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Interface reactions between manganese zinc ferrite single crystals
and SiO,-PbO-Zn0O ternary systems
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Interface reactions between Mn-Zn ferrite single crystals and SiO,-PbO-ZnO ternary systems were
investigated using scanning electron microscope, electron probe microanalyzer, and x-ray
diffractometer. The addition of ZnO in a SiO,-PbO glass resulted in inhibition of formation of the
intermediate phase and suppression of dissolution of the ferrite. The interface morphology became
a dendrite structure with increase of ZnO concentration in the glass. Appearance of the anomalous
concentration profile of Zn and Mn at the ferrite adjacent to the interface was investigated in terms
of the dissolved quantity of Mn and Zn ion. It was found that Zn ion has dissolved from the ferrite
into the glass melt during the reaction and Mn ion in the ferrite dissolved into the glass melt more
than Zn ion, resulting in changing the undissolved ferrite adjacent to the interface into a Zn-rich -
Mn-Zn ferrite, Mng 15Zng gsFe,0;, after reaction with 57Si0,-38Pb0O-5Zn0 (in mol %) glass. It was
considered that the source of the hump of Zn concentration at the ferrite adjacent to the interface

would be the undissolved, remaining Zn ions. A microscopic model was suggested © 1995

American Institute of Physics.

I. INTRODUCTION

The unique magnetic properties and the outstanding
wear resistance of manganese zinc ferrite (Mn-Zn ferrite)
single crystals have promoted their use as a material for VCR
heads.!? The track part of the magnetic heads for VCR in-
terchanging magnetic signals with magnetic tapes is com-
posed of the very thin (~30 wm) ferrite single crystal sur-
rounded by a bonding glass. The magnetic properties of the
ferrites surrounded by the glass are degraded by the residual
stress due to thermal expansion mismatch® and by the chemi-
cal reaction between them.* Therefore, it is important to re-
veal interface reactions between ferrites and glasses thor-
oughly. Only a few studies on interface reactions between
polycrystalline ferrites and glasses have been reported.s‘l3

Previously, Tanigawa ez al.>® found that PbO-2Fe,0;
crystal was formed in mixtures of Mn-Zn ferrite and lead
silicate glasses heat treated in air. It was reported that the
grain boundary diffusion of the glass elements was dominant
at the ferrite adjacent to the interface during the reaction and
the magnetic properties of the diffusion layer were abruptly
degraded.”®

Recently, more systematic studies to reveal interface re-
actions have been performed by Nitta ez al.”™'® They re-
ported that the intermediate layers, mixtures of Pb,(Mn,
Fe),S1,0, and Pbg(Mn,Fe)Sig0,; crystals, were formed at the
interface between the Mn-Zn ferrite and the glass such as
SiO,-PbO binary system,'® and SiO,-PbO-MnO or SiO,-
PbO-FeQ, 5 ternary system.'2 However, no intermediate lay-
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ers were observed at the interface between the Mn-Zn ferrite
and the SiO,-PbO-ZnO ternary system'? and between the
Ni-Zn ferrite and the SiO,-PbO-NiO ternary system.!* In
these cases, they found an anomalous concentration profile
that the concentrations of the transition elements (Zn, Ni ion)
contained in the glass increased sharply at the ferrite adjacent
to the interface. The reason of the hump of Zn or Ni concen-
tration was thought that Zn or Ni ion in the glass has diffused
into the ferrite even though Zn or Ni ion concentration in the
glass was lower than that in the ferrite. They considered that
the diffusion was caused not by the difference in concentra-
tion but by the difference in chemical potential. There was,
however, no evidence that the chemical potential of Zn or Ni
ion in the glass is higher than that in the ferrite.

The purpose of this article is to investigate thoroughly
the interface reactions between the Mn-Zn ferrite and the
Si0,-PbO-ZnO ternary systems and the mechanism of the
chemical reaction. The effect of the interface reactions on the
morphology of the ferrite at the interface can also be inves-
tigated using the Mn-Zn ferrite single crystal instead of the
polycrystalline ferrite.

ll. EXPERIMENTAL PROCEDURE

A Mnp-Zn ferrite single crystal used in._this study
was grown by composition-controlled Bridgman tech-
nique'* to obtain crystal with a uniform composition. The
composition of the . Mn-Zn ferrite was
Mnyg ssZng 37Fe5 0804 04- The (100) plane of the Mn-Zn ferrite
single crystal was reacted with glasses as the case of the
practical magnetic head for VCR.2 The glass compositions
used in this study were shown in Table I. The amount of ZnO
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TABLE 1. Glass composition of SiO,-PbO-ZnO ternary system.

SiO, PbO ZnO
z (mol %) (mol %) (mol %)
0 60.0 40.0 vee
05 59.7 39.8 0.5
5 57.0 38.0 5.0
12 52.8 352 12.0

in glasses was varied from O to 12 mol % and those glasses
were expressed hereafter as 0, 05, 5, and 12Z. The molar
ratio of SiO, to PbO was fixed as 60:40.in all glass compo-
sitions. The concentration of ZnO was controlled within 12
mol % because the glass containing more than 12 mol %
7ZnO was devitrified after heat treatment. The raw materials
of glass were reagent-grade SiO,, PbO, and ZnO. After dry
mixing the powders for 12 h, batches of glass were placed in
platinum crucibles and melted at 1350 °C for 4 h in air. The
melts were cast onto a steel mold.

A mirror-polished ferrite crystal with dimension of
6X4X1 mm was sandwiched by glass specimens with di-
mension of 8X6X3 mm. They were heat treated at 700, 800,
900, and 1000 °C in a platinum crucible. After heat treat-
ment, ferrite crystals were surrounded by the glass. The heat-
ing and cooling rate was 5 °C/min. All specimens were heat
treated under nitrogen atmosphere using a high-purity N, gas
(>99.999%) in order to prevent the oxidation of ferrite crys-
tals. Heat treatment implies the same meaning as the chemi-
cal reaction in this study.

Morphology of the interface between the ferrite crystal
and glass was observed by scanning electron microscope
(SEM). The chemical composition at the interface was ana-
lyzed by electron probe microanalyzer (EPMA) with a wave-

length dispersive x-ray spectroscopy (WDX). The intermedi- -

ate phases formed at the interface between the ferrite crystal
and the glass were analyzed by x-ray powder diffractometer
(XRD). In order fo analyze the intermediate phases more
clearly, the crushed powders of the ferrite crystal and the
glasses were mixed at the same weight ratio. The mixtures
were heat treated under the same conditions.

The sizes of the ferrite crystal before and after heat treat-
ment were measured precisely using micrometer and SEM.
The dissolution length was calculated from the size diminu-
tion during the reaction. When the ferrite crystal was locally
corroded the base line of the dissolution length was the tip of
convex, undissolved ferrite.

. RESULTS
A. Effect of ZnO concentration

Figure 1 shows SEM micrographs and the lines traced
by a WDX of the interface between the Mn-Zn ferrite single

crystals and 0, 03, 5, and 12Z glasses heat treated at 900 °C

for 1 h. The intermediate layer is observed at the interface
between the ferrite and 0Z glass but not observed in the case
of the glasses containing ZnO. With the increase of ZnO
concentration in the glass, the interface morphology becomes
a dendrite structure due to the local corrosion of the ferrite.
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FIG. 1. SEM micrographs and lines traced by characteristic x rays of Fe, Zn,
and Mn of interface between Mn-Zn ferrite single crystal and (a) 0Z, (b)
05Z, (c) 5Z, and {d) 12Z glasses heat treated at 900 °C for 1 h.

As shown in Fig. 1, the composition of Mn-Zn ferrite reacted
with the glasses containing ZnO changes from inside to the
interface. The Zn concentration near to the interface in-
creases sharply, while the Mn concentration decreases sym-
metrically, and the Fe concentration decreases slightly. These
anomalous concentration profiles, i.e., the hump of the Zn
concentration at the ferrite adjacent to the interface appears
even though the glass contains only 0.5 mol % ZnO. The
height and width of the Zn hump increase with increase of
the ZnO concentration in the glass.

Figure 2 shows x-ray diffraction patterns of the powder
mixtures of Mn-Zn ferrite and 0, 05, 5, and 12Z glasses heat
treated at 900 °C for 1 h. The intermediate phase in Fig. 1(a)
is identified to be the same solid solution mixture,
[Pby(Mn,Fe),Si,0, and Pbg(Mn,Fe)Sis0,;], as that of the
previous study.’® With increase of the ZnO concentration in
the glass; the amount of these crystals decreases and they
finally disappear. This result indicates that the Zn ions in the
glass inhibit the formation of the intermediate phase at the
interface. It is noticeable, however, that no second phase is
formed but only spinel phase is detected even though the
quantity of Zn ion increases at the ferrite adjacent to the
interface, as shown in Fig. 1(d).

Figure 3 shows the effect of the ZnO concentration in
the glass on the dissolution length of the Mn-Zn ferrite heat
treated at 900 °C for 1 h. It decreases exponentially with
increase of the ZnO concentration. The dissolution length of

Je et al.
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FIG. 2. X-ray diffraction patterns of powder mixtures of Mn-Zn ferrite and
(a) 0Z, (b) 05Z, (c) 5Z, and (d) 12Z glasses heat treated at 900 °C for 1 h.
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the ferrite reacted with the 0Z glass is about 27 um whereas
that with the 127 glass is only 10 wm. This result indicates
that the Zn ions in the glass suppress the dissolution of the
ferrite.

B. Effect of reaction temperature

Figure 4 shows SEM micrographs and the lines traced
by WDX of the interface between the Mn-Zn ferrite single
crystal and the 5Z glass heat treated at 700, 800, 900, and
1000 °C for 1 h. At 700 °C, the interface maintains the origi-
nal flat morphology, which indicates that the ferrite hardly
dissolves at this temperature. At 800 °C, a dendrite morphol-
ogy appears. With increasing the reaction temperature, how-
ever, the interface has a planar morphology. As shown in Fig.
4, the hump of the Zn concentration at the ferrite adjacent to
the interface appears clearly above 800 °C and stays at simi-
lar height above 900 °C. The width of the hump increases
with increasing temperature.

SEM micrograph and the lines traced by WDX of the
interface between the Mn-Zn ferrite and the 0Z glass heat
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FIG. 3. Effect of ZnO concentration contained in glass on dissolution length
of Mn-Zn ferrite heat treated at 900 °C for 1 h.
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FIG. 4. SEM micrographs and lines traced by characteristic x rays of Fe, Zn,
and Mn of interface between Mn-Zn ferrite crystal and 5Z glass heat treated
at (a) 700 °C, (b) 800 °C, (c) 900 °C, and (d) 1000 °C for 1 h.

treated at 1000 °C for 1 h are shown in Fig. 5. As compared
with the result at 900 °C [Fig. 1(a)], the intermediate layer
disappears, which coincides with the previous work.0 It is
noticeable that the Zn concentration at the ferrite adjacent to
the interface increases very little and the Mn concentration
decreases slightly. It indicates that the anomalous concentra-
tion profile appears in the case of the interface reaction be-
tween the Mn-Zn ferrite and the ZnO-free glass.

In order to thoroughly investigate the diffusion behaviors
of the components of the Mn-Zn ferrite (ZnO, MnO, Fe,0,)
at the interface during reaction, their concentrations in 0 and
5Z glasses were quantitatively analyzed by WDX before and
after reaction at 1000 °C for 1 h. The analyzed zones were
the inner parts of glass about 200 wum off the interface in
Figs. 4(d) and 5. As shown in Table I, the concentrations of
ferrite components in the glass increase after reaction due to
the dissolution of the ferrite whether the glass contains Zn
ion or not. It is noteworthy that the ZnO concentration in the
5Z glass increases slightly after reaction. This result indi-
cates that the Zn ions in the ferrite dissolve into the glass
during interface reaction even though the quantity of the Zn

+ ion increases at the ferrite adjacent to the interface, which

contradicts the previous work.'?

Figure 6 shows x-ray diffraction patterns of the powder
mixtures of the Mn-Zn ferrite and the 5Z glass heat treated at
700, 800, 900, and 1000 °C for | h. The mixture heat treated

Je et al. 7047



FERRITE

FIG. 5. SEM micrograph and lines traced by characteristic x rays of Fe, Zn,
and Mn of interface between Mn-Zn ferrite crystal and 0Z glass heat treated
at 1000 °C for 1 h.

at 700 °C has a small quantity of a second phase that is
identified as Pb,(Mn,Fe),Si,04. This phase disappears and
only spinel phase is detected above 800 °C.

The effect of the reaction temperature on the dissolution
length of the ferrite with various ZnO concentrations in the
glass is shown in Fig. 7. With increasing the reaction tem-
perature the dissolution lengths increase exponentially. When
the reaction temperature is raised above 900 °C the dissolu-
tion lengths show a large difference upon the ZnO concen-
tration. The dissolution length of the ferrite reacted with the
0Z glass at 1000.°C is about 72 um and that with the 12Z
glass is about 37 um. These results mean that the effect of
ZnO addition in the glass becomes evident with increasing
the dissolution rate of the ferrite. The dissolution lengths of
the ferrite in Fig. 7 are shorter than those of the previous
study,'>!? the reason of which is thought to be the difference
in mass transport behavior between the polycrystalline and
single-crystal ferrite. Generally, the polycrystalline ceramics
would dissolve more rapidly into the glass melt than the
single crystals due to the grain boundary diffusion.

TABLE II. Concentration of Mn-Zn ferrite components contained in 0Z and
5Z glasses before and after reaction at 1000 °C. (Analysis ertor: 2% of the
analyzed.)

Zn0O MnO Fe,05
VA (mol %) (mol %) (mol %)
Before
After 1.54 2.24 3.90
5 Before 5.60
After 6.19 1.71 3.01
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FIG. 6. X-ray diffraction patterns of powder mixtures of Mn-Zn ferrite and
5Z glass heat treated at (a) 700 °C, (b) 800 °C, (c) 900 °C, and (d) 1000 °C
for 1 h.
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C. Effect of reaction time

Figure 8 shows SEM micrograph and lines traced by
WDX of the interface between the Mn-Zn ferrite single crys-
tal and the 5Z glass heat treated at 900 °C for 10 h. The
dendrite structure grows with increasing the reaction time
due to the development of local corrosion of the ferrite.
X-ray diffraction patterns of the powder mixtures of the fer-
rite and the 5Z glass heat-treated 900 °C for 1 and 10 h are
shown in Fig. 9. It is also found that no second phase is
formed even though the quantity of Zn jon increases at the
ferrite adjacent to the interface.

The chemical composition of the undissolved ferrite ad-
jacent to the interface indicated by A in Fig. 8 and of the
inner ferrite that has no influence of the interface reactions
are quantitatively analyzed by WDX and shown in Table IIL.
It is found that the undissolved ferrite adjacent to the
interface changes iato a Zn-rich Mn-Zn ferrite,
Mn, ;5Zng gsFe,0,, which is the stoichiometric spinel
(AB,0,) as a result of dissolving of the excess Fe ions. Even

g 80 —m— -0 mol% -
‘j':’ —e—0.5mol% A
= 60} —A— 5 mol%
(ZD —w— 12 mol%
4o 40l A
v
z /
| &
g 200 /0 /
A
- L /v
% ol p—=_""
fa 700 800 900 1000
TEMPERATURE (°C)

FIG. 7. Effect of reaction temperature on dissolution length of ferrite with
various ZnO concentrations in glass.
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FIG. 8. SEM micrograph and lines traced by characteristic x rays of Fe, Zn,
and Mn of interface between Mn-Zn ferrite crystal and 5Z glass heat treated
at 900 °C for 10 h.

under the consideration of the analysis errors, it is obvious
that the undissolved ferrite reacted with the 5Z glass changes
from a Mu-rich to a Zn-rich Mn-Zn ferrite and near the sto-
ichiometric spinel as result of dissolving of the excess Fe
ions. As shown in Table III, Pb and Si ions in the glass hardly
diffuse into the ferrite. This result indicates that the hump of
Zn concentration is independent of the diffusion behaviors of
them. ‘

o o FERRITE
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FIG. 9. X-ray diffraction patterns of powder mixtures of Mn-Zn ferrite and
5Z glass heat treated at 900 °C for {a) 1 h and (b) 10 h.
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TABLE III. Chemical composition of Mn-Zn ferrite unreacted and reacted
wth 5Z glass at 900 °C. (Analysis error: *1% of the analyzed).

Zno MnO Fe,0, PbO Si0,
(mol %) (mol%) (mol%) (mol%) (mol%)
Unreacted 19.31 27.42 5327
Reacted 42.17 747 49.62 0.74

IV. DISCUSSION

A. Phase formation

From Figs. 1(a) and 2 the intermediate phase is formed
at the interface between the Mn-Zn ferrite and the ZnO-free
glass heat treated at 900 °C for | h and identified to be the
solid solution mixture, [Pb,(Mn,Fe),Si,Oy and Pbg(Mn,
Fe)Sic0,;]- As shown in Fig. 5, these crystals disappear
when the temperature is raised to 1000 °C. These results are
in good agreement with the previous work by Nitta et al.'?
However, the amount of these crystals decreases and finally
disappears with the increase of ZnO concentration in the
glass. It indicates that the Zn ions in the glass inhibit their
formation. It is suggested that the Zn ions would diffuse into
the intermediate crystals and make them a glass phase with
the increase of ZnO concentration in the glass. As shown in
Fig. 6, the powder mixture of Mn-Zn ferrite and 5Z glass
heat treated at 700 °C has a small quantity of a second phase
that is identified as Pby(Mn,Fe),Si;Oy. However, it is not
observed at the interface in Fig. 4(a), which means its thick-
ness would be very thin. It is suggested that its formation is
caused by the accumulation of the dissolved ferrite compo-
nents near the interface that is resulted from the low diffu-
sivities of them in the glass melt due to high viscosity of the
melt. Therefore, it disappears with increasing the tempera-
ture above 800 °C. ’ .

According to the results of XRD analysis, it is found that
no second phase is formed but only spinel phase is detected
even though the quantity of Zn ion at the ferrite adjacent to
the interface increases and that of Mn decreases. As shown in
Table III, the chemical composition of the undissolved ferrite
adjacent to the interface changes into a Zn-rich Mn-Zn fer-
rite, Mng 15Zng gsFe,O,, after reaction with the 5Z glass at
900 °C. Mn-Zn ferrite is known to be a complete solid solu-
tion of Mn ferrite (MnFe,O,) and Zn ferrite (ZnFe,0,),**
which means that Mn and Zn ions can be completely re-
placed by each other in the spinel structure. However, the
increasing Zn ions would not go into the sites of dissolving
Mn ions. Mn-Zn ferrite has an inverse spinel structure that
the tetrahedral sites are occupied by Zn*" and Fe** ions and
the octahedral sites by Mn?* and the rest of Fe** ions.!
Therefore, it would be reasonable that the increasing Zn ions
would go into the tetrahedral sites due to the preterence for
them over Fe** ions and the expelled Fe** ions on the tet-
rahedral sites would go into the octahedral sites of dissolving
Mn ions. In conclusion, it is thought that the spinel structure
is maintained by the rearrangement of Zn, and Fe ions at the

Je et al. 7049



sites of the spinel structure even though a large quantity of
Mn ions dissolves into the glass melt and the quantity of Zn
ions increases at the undissolved ferrite adjacent to the inter-
face.

B. Interface reaction mechanism

It is seen in Fig. 1 that the Zn concentration at the ferrite
adjacent to the interface with the glasses containing ZnO is
higher than that in the inside, while the Mn concentration is
lower and the Fe concentration is slightly lower. These con-
centration profiles appear even though the glass contains
only 0.5 mol % ZnO and more obviously with the increase of
ZnO concentration in the glass. From a viewpoint that the
concentration of ZnO in the Mn-Zn ferrite (about 19 mol %)
is higher than that in the glass (at most 12 mol %), Zn ion in
the ferrite would diffuse into the glass melt. On the contrary,
however, it seems that Zn ion in the glass melt diffuses into
the ferrite. At the previous work,'? Nitta et al. have also ob-
served the hump of Zn concentration at the ferrite adjacent to
the interface after reactions with the glasses containing 1 and
5 mol % ZnO. They interpreted this anomalous Zn concen-
tration profile as follows. When ZnO is added in PbO-SiO,
glass the chemical potential of Zn ion in the glass might be
higher than that in the Mn-Zn ferrite. Consequently, Zn ions
in the glass would diffuse into the ferrite and thus the hump
of Zn concentration at the ferrite adjacent to the interface has
appeared. This interpretation means that Zn ions diffuse
against the concentration profile of Zn because the concen-
tration of Zn in the Mn-Zn ferrite is much higher than that in
the glass. Namely, they have thought that the diffusion was
caused not by the difference in concentration but by the dif-
ference in chemical potential. They have also interpreted the
interface reactions between the Mn-Zn ferrite and the
Si0,-PbO-MnO glass melt'? and between the Ni-Zn ferrite
and the SiO,-PbO-NiO glass melt!® by the same mechanism.
There was, however, no evidence that the chemical potential
of a component in the glass with its lower concentration is
higher than that in the ferrite with its higher concentration.

In this study, Table II shows that the Zn concentration in
5Z glass increases after reaction with Mn-Zn ferrite even
though the quantity of Zn ion increases at the ferrite adjacent
to the interface. If the Zn ions in the glass diffuse into the
ferrite, the Zn concentration in the glass can not be increased.
Therefore, the increase of Zn concentration in the glass after
reaction means that Zn ions in the ferrite dissolve into the
glass. In Fig. 5, moreover, the Zn concentration at the ferrite
adjacent to the interface increases very slightly after the re-
action between the Mn-Zn ferrite and the ZnO-free glass. In
this case, it is impossible that the Zn ions in the glass diffuse
into the ferrite. In conclusion, it is evident that the Zn ions in
the glass do not-diffuse into the ferrite but the Zn ions in the
ferrite dissolve rather into the glass during interface reaction.

Then, what is the source of the hump of Zn concentra-
tion? Comparing the concentrations of the ferrite compo-
nents [C(Zn,Mn'Fe)F in at %] with those increasing in 0 and 5Z
glasses after reaction [AC(vaMﬂ-F°)oz,5z in at %] in Table II,

the interesting results can be found as follows.
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It is found that the concentrations of Mn, Fe, and Zn ion
increasing in the ZnO-free glass melt after reaction
[AC(zamnre),] increase at the similar atomic ratio of those

in the ferrite [C(ZH’M,,,FG)F]. When 5 mol % ZnO is added in
the glass, the concentrations of Mn and Fe [A C(Mn,Fe)sz] in-

crease also at the similar ratio of those in the ferrite, but the
Zn concentration [AC(Zn)sz] increases at the lower ratio than

that in the ferrite. These results indicate that the Zn ions
contained in the glass suppress the dissolution of Zn, result-
ing in suppression of dissolution of the ferrite as the results
of Figs. 3 and 7. These interpretations from Table II are
reasonable even under the consideration of the analysis er-
rors because the concentrations of Mn, Fe, and Zn in the
glasses were analyzed under the same conditions and com-
pared relatively. It can be thought that if the diffusion rates of
Zn, Mn, and Fe ions in the glass melt are same, the quantity
of Mn ions dissolving into the glass melt would be larger by
2.9 times than that of Zn ions. Anyway, it is obvious that the
Mn ions in the ferrite dissolve into the glass melt more than
7Zn ions because the dissolution of Zn jons in the ferrite is
suppressed by Zn ions in the glass melt. Therefore, the
source of the hump of Zn concentration is considered to be
the undissolved, remaining Zn ions at the ferrite adjacent to
the interface and the concentration profiles of Mn-become
symmetrical with those of Zn as shown in Figs. 1, 4, and 8.
With the increase of ZnO conceniration in the glass, the
amount of remaining Zn ions at the ferrite adjacent to the
interface would be increased due to the suppression of the
dissolution of Zn ions in the ferrite, resulting in the increase
of the height of the Zn hump as shown in Fig. 1.

On the assumption that the composition of undissolved
ferrite at the interface after reaction with 5Z glass change
into Mng 5Zny gsFe,0, and the quantity of Mn ions dissolv-
ing into the glass melt is larger by 2.9 times than that of
Zn ions, a microscopic model of interface reaction between
the Mn-Zn ferrite and the 5Z glass is suggested in Fig. 10.
The quantity of dissolved Mn ion (a) and Zn ion (b) are
calculated from the altered composition, Mng 15Zng gsFe,O,.
That of Fe ion (c) would be the sum of that of excess
Fe ions (0.08) which become Fe?* ions in spinel structure
and. 2 times of that of divalent ions (Mn®*,Zn®" Fe?')
for the conservation of the spinel stoichiometry
(AB,0,). This model shows that the spinel structure can be
maintained in the ferrite at the interface after reaction by the
rearrangement of the remaining components at the sites of
the spinel structure, resulting in only the compositional
change from Mn-rich to Zn-rich Mn-Zn ferrite, i.e., the ap-
pearance of the hump of Zn concentration. In Nitta’s
mechanism!? the dissolution of Mn-Zn ferrite into the glass
has been neglected. In this model, however, the interface
reaction is always accompanied by the dissolution of all
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FIG. 10. Model of interface reaction between Mn-Zn ferrite and 5Z glass on
the assumption that the quantity of dissolving Mn ions (a) is larger by 2.9
times than that of Zn ions (b).

components of the ferrite, resulting in the dissolution of the
ferrite as shown in Fig. 7.

It is found in Fig. 5 that the Zn concentration at the
ferrite adjacent to the interface increases very slightly after
reaction between the Mn-Zn ferrite and ZnO-free glass and
the Mn concentration decreases slightly. This result is
thought to be caused by the reason that Mn ions in the ferrite
would dissolve into the glass melt slightly faster than Zn
ions. In conclusion, in the case of an interface reaction be-
tween a liquid and a multicomponent solid, there are two
cases that the concentration of a certain component at the
solid adjacent to the interface can become higher than that in
the inside except for the formation of an intermediate phase.
The first is the case that the dissolution of a certain solid
component is suppressed and the second is that the differ-
ence of the dissolution rates of the solid component is large.
At the previous studies, the interface reactions between the
Si0,-PbO-MnO glass and the Mn-Zn ferrite!? and between
the SiO,-PbO-NiO glass and the Ni-Zn ferrite!® would be the
first case and that between the SiO,-PbO glass and the Ni-Zn
ferrite!! be the second case.

C. Interface morphology

It was reported that the grain boundary diffusion of the
glass elements was dominant at the polycrystalline ferrite
adjacent to the interface during the reaction.”® It is, there-
fore, difficult to investigate the effect of interface reaction on
the interface morphology during the reaction between the
polycrystalline ferrite and glass. In this experiment, it can be
thoroughly investigated using the Mn-Zn ferrite single crys-
tal.

In 1990 Schmalzried'® pointed out that a high transport
capacity in the moving phase boundary tends to stabilize a
planar morphology by rendering the interface to an equipo-
tential surface. In this study, the interface morphology be-
comes a dendrite structure with the increase of ZnO concen-
tration in the glass due to the suppression of the ferrite
dissolution. The dendrite structure grows with increasing the
reaction time due to the development of local corrosion of
the ferrite. With increasing the reaction temperature, it be-
comes planar due to the rapid dissolution of the ferrite. These
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results mean that the more soluble the ferrite is, the
more planar the interface, which is in agreement with
Schmalzried’s suggestion.

V. CONCLUSION

The interface reactions between Mn-Zn ferrite single
crystals and SiO,-PbO-ZnO ternary systems were investi-
gated and the microscopic model was suggested. The
effect of the interface reactions on the interface mor-
phology was also investigated. The intermediate phases,
Pb,(Mn,Fe),8i,0y and Pbg(Mn,Fe)Sic0,,, were formed after
interface reaction between the ferrite and the ZnO-free glass
heat treated at 900 °C. With the increase of ZnO concentra-
tion in the glass, the amount of these phases decreased and
finally they disappeared because Zn ions contained in the
glass inhibited their formation. However, a small quantity of
Pb,(Mn,Fe),Si,0, phase was formed at the interface between
the ferrite and the 5Z glass heat treated at 700 °C. Its forma-
tion was caused by the accumulation of the dissolved ferrite
components near the interface due to high viscosity of the
glass melt. Therefore, it has disappeared with increasing the
temperature above 800 °C.

The composition of the Mn-Zn ferrite reacted with the
glasses containing ZnO changed from inside to the interface.
The Zn concentrations at the ferrite adjacent to the interface
increased sharply, while the Mn concentrations decreased
symmetrically. These anomalous concentration profiles ap-
peared even though the glass contained only 0.5 mol % ZnO,
and more obviously with the increase of ZnO concentration
in the glass. It was found that the Zn ion has dissolved from
the ferrite into the glass melt during reaction between the
ferrite and the 5Z glass even though the quantity of Zn jon
increased at the ferrite adjacent to the interface. It was also
found that Mn ion in the ferrite has dissolved into the glass
melt more than Zn ion because the dissolution of Zn jon in
the ferrite was suppressed by Zn ion contained in the glass
melt. Therefore, the source of the hump of Zn concentration
is considered to be the undissolved, remaining Zn ions at the
ferrite adjacent to the interface. Although a large quantity of
Mn ions dissolved into the glass melt and the quantity of Zn
ions increased at the undissolved ferrite adjacent to the inter-
face, no second phase was formed and the spinel structure
was maintained, which was thought by the rearrangement of
Mn, Zn, and Fe ions at the sites of the spinel structure. The
undissolved ferrite reacted with 5Z glass was changed into a
Zn-rich Mn-Zn ferrite, Mn0.152n0'85F6204.

A microscopic model of interface reaction between the
Mn-Zn ferrite and the 5Z glass was suggested in this study.
The interface reaction in this model was always accompanied
by the dissolution of all components of the ferrite, resulting
in the dissolution of the ferrite.

The interface morphology became a dendrite structure
with the increase of the ZnO concentration in the glass due to
the suppression of the ferrite dissolution and with increasing
the reaction time due to the development of local corrosion
of ferrite. With increasing the reaction temperature, the inter-
face morphology became planar due to the rapid dissolution
of the ferrite.
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