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Grain Growth in Barium Fewrite

II. Grain Growih in Barinm Ferrite
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I. INTRODUCTION

The grain growih behavior in ferrites have been
recsived a great amount of attention®? ¥ ¢ in conneclion
with their properties. During recent years much has
been studied about the grain growth in ferrites.
However, the grain growith reaction has not been
studied in detail for barium ferrite.

The grain growth in polycrystalline barium ferrite
was investigared during a solid-siate sintering by

quantitative meastrements of the kinetics. The present

e
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study was extended to observe the influence of impu.-
nty on the growth behavior.

In making a model of growth process, en expression
deduced by Burke' shows that the rate of grain
growth in polyervstalline body will be inversely
proporlional te the grain size as given by the follow

ing explessicn

D _ K
dt L

where [ 15 the instantaneous average grain size, ¢
the sintering time, K’ a temperature-dependent cou-

gslant,
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Upon integration this can then be rewritten In

{cllowing equation:
DD =K(t—t,)

where 1, is the average grain size at time #, and &

a reaclion coustant.
. EXPERIFMENTAL

A. Preparation of Samples:

Barium ferrite powder was prepared from reagent-
arade barium carbonate and commercial ferric oxide
of high purity, which were mizxed to form BaQ-
§F=,0,. The physical and chemical properties of the
two slarling materials and the method of preparation
before caleination were deseribed in Paper Tt - The
miziure was caleined at 1180°C for 3 hours and 20
minules. The formation of barium ferrite was revealed
by X-ray diffraction examination and ne second
phases were present in the calcined preduct. The
caleined agglomeration was then ground with a pulver-
izer, passed through a No. 86 U.S. Standard sieve.
and wet-milled in a steel ball mill for 6 hours with
disiilled water. Then after remilling and redrying,
the powder was stored in a desiceator before pressing.

A.1. Undoped Specimens: The powder was cold-
pressed at 2.5 ton/em® into discs 1. Sem. In dimmeres
and 0.5em. in thickness. The hinder of 0.2%
potyvinyl aleohol (PVA) aqueous solution was addsd
and the die wall was lubricated with 2 coating of
oleiz acid. After pressing, the compacts were healea
to 500°C and cocleq down to rcmove the organic
malerizls.  Any appreciable grain growth was not
chserved by ihis treatment.

A. 2. Dopad Specimens: 1% eilicie acid was added
10 the caleined procuct and wet-milled togecher for
o6 hours ag deseribad in A. The doped specimens wers
prepaied by the same method as mentioned in A. 1.

A3 Sintering Condition: JYsothermal sintering
was run ar 25°C intervals In the temperature range
1150° to'1300°C ior various time at each temperature.

in sir atmosphers in a resistance-heated box furnace.

+
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Each specimen, after the desired lime, was rapidly
withdrawn from the furnace and quenched in air.
All the temperatnre were measured by a Pt/Pt-Rh1g
thermoeouple. The temperaturo fluctuation in heating
zone was +3°C.

B. Electron Microscops Analysis:

A Hitachi HU-125C eleciren micioscope was used in
this Investigation to study the grain growih phenomena.

B.i. Measurement of Initial Pariicle Size: Initinl
paiticle size was measured from the calcined powder
by dispersing on a coppor specimen grid and dirvectly
taking electron micrographs.

B.2. Determination of the Grain Size: The sintered
specimens were fractured parallel to their eircular
plane. The carbon replicas were made for the most
of them witheut polishing and etehing. The only
several specimens were polished and etched. The efching:
was carried out in warm concentrated hydrochloric
agid for various time to observe the grain structure.
Replication for electron microscaopy was prepared by a
two-stage process, using cellulose zcctate and carbon.
A cellulose acetate teplica was fiist prepared. The
plastie repliea was shadowed with platinum-carbon by
vapor-deposition in vaccum evaporator. The shadowing
angle was 45°. The rephca was then placed on a
specimen serecn and washed with aceione to dissolve
the cellulose acetate and 1o leave the carbon replica,

AT

After washing the resulting carbon replica was exa-
mined in an electron microscope.

The zverage grain size was measured hy two steps
on the assumption that all the grains are spheres of
uniform size. FEach average traverse length across
groins by runs of 5 random lines passing through the
electron micrograph of Lhe sample was primaily
abtained and then an aclual average grain size was

abtamed by using an eguation®™.
D= (3/:)1?

Where I is the actual average grain size and L.

the average traverse length.
. RESULT AND DISCUSSION

The average initial particle size was 0.4z This

average value was taken from two delerminations by

(1e)
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measuring two elsctron micrographs of samples.

In Fig. 1-3, electron micrographs show that the
grain increases in size with incressing time and
temperature as we expected.

From the results, a plot of (D*—D?%) versus ¢ for
isothermal grain growth shows a good linearity at
low temperatures and poor at higher temperatures for
undoped specimens as shown in Fig. 4. This was also
found in Si0Q,doped specimens as demonstrated in
Fig.5. The same result was reported by Pauius™® in
Ni-Zn ferrite when [ was plotted against 2.

The deviatien of lmearity can be understood by
reviewing the developmeant of the theory of grain
growih™, that is.

dD

i

-“:Aﬂfﬂ'(%— D;,) %5

where M is the grain boundary mobility, o the

Fig.1. Grain growth in polycrystalline barium ferrite
sintered at 1150°C for
a 2 hours (undoped, etched- 50003,
b. 20hours (undoped, etched-x5000).

(20)

Fig. 2. Grain growth in polverystalline barivm ferrite
sintered at 1250°C for
a. 5 hours (undoped, 372500),
b. & hours (undoped, x2500),
c. 8 hows {Si0,-doped. % 2300).
Spiral growth are shown in the isterior grains
in & solid cizele in Fig. 2-a.

interfacial energy of the boundary, A a seometrical
constant, and Dy the average limiting grain size when
an uniform dispersing of inclusions prevents grain
growth. Here D; can then be expressed by the rela-
tion of Zener' a3
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: ook o 1, P, (a)
Fig. 3. Grain growth in polyerystalline barium ferrite
sintered at 1275°C for 3 hours and 45 minutes
a. (undoped, Xx2500),
b, (SiQu-doped, 325001
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Fig. 4 Tsothermal prain growth with sintering time
and temperature in undoped polyerystalline
barium ferrite

Dp=-% (2)

where d is the average inclusion size and f, their
valume fraction.

In Eq. (1) if the mobility of the grain boundary
is greater than the rate of change of Dy, the aver-

124 §30E (1978

[oX Realvd

T R BTEC

rore - £ poeen
A . -

3 = € -3
rofaee) x (0300

Fig. 5. Isothermal grain growih with sintering time
and temperature in SiQ,-doped polyerystalline
barium ferrite

all grain growth rate is controlled by the rate of
change of Dy And then the grain boundary mobility
is increased with inereasing tomperatme beceuse of
the consideration of the equation

M=M, exp(_:?(:fj ) (3

Thus. the over-all grain giowth rate, at relatively
high temperatures, can be decreased and the devia-
tion is increased with time.

Conversely, at low temperatures, grain boundary
mobility is much lower than the rate of change of
Dy, Thus the rate of change of D/ could not affect
the over-all growth rate and the ratz is mainly deter-
ruined by the grain boundary mability, These explana-
tions is ane of the reasons why a poar linear rela-
tionship vields at high temperatures

Second, these non ideal behavior czn be interpreted
in terms of mechanisms of growth that occur during
gintering, That is; an evaporztion-ccndensation me-
chanism might be contribute to the decreasing growth—
rate. Of course it is impossible tw suggest decisively
whether a diffusion or an evaporation-condensation
might be predominant in the ipitlal stages of growth
at high temperature, it can he undoubtadly accepted
that the evaporation-condensciion mechanism ond the
rate of growth are related. The observations of the
spiral growth in the interior grzins under the presence
of the saturation of the vapor are a clue le this
implication, as seen in Fig. 2-a. A similar observa-

tion was reported by Drobek and his co-workers.

(21)
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However a cautious wording is necessary in this
regard since spiral growth morghology‘ can bhe frequent-
Ty revealed by a thermal etching due to evaporation
at high temperature. Therefore we can say unequiv-
ocally that evaporation can lake place at this tem-
perature range, but it is anather matier whether the
evaporation mechanism is responsible for the grain
growth.

Fig. & shows a plat of log K versus 1/T for un-
doped specimens. We obtained the experimental activa-
tion energy of 130£20Kcel. The same analysis was
also made for doped specimens and it was found that
the activation energy for S10.—doped specimens were
closely similar to that for undoped specimens as shown
in Fig. 6. It might perbaps be suggested that the
small amount of the grain srowth inhibiter, Si0,,
does not have an important effect upon the activation
eneray for grain growth, cven though the reaction
qate of doped barium ferrite is less than that of un-
doped barium ferrite. Qur oxperimental result did not
agree with a work of MacEwan®™ on the graln
growth of UQ, He obtained an experimental resulf
of 87Kcal/mole for the activation energy for grain
growth in UQ; which is nearly equal to that {88
Kecal} for U™ ion self-diffusion. The result is differ-
ent from the experimental activation energies of
zone—refined lead®® where the activalion energy for
volume self-diffusion is about four times that for grain

growth, He interpreted that the mearly equal activa-
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Fig. 6. Rate of grain growth as & function of tem-
perature for barium ferrite

(z2)

tion energy for grain growth in UQ, may be due to
the presence of isolated pores or of the small impuri-
ties(approximately 250 PPM). But it may he doubtful
that the pressnce of itolated pores or of such parts
per million of impurities in UQ, scverely aflect the
activation cnergy, although the pre-exponential factor
in the Arrheniuz relation can be greatly affecied. On
this basis, the present result may suggest thal when
the grain growth does uot cccur rapidly enough, the
aclivation energy for grain growth will be equal {o
that for solute volume diffusion. Tf this is the case,
we should expect that the activaiion energy of 130--
20Kecal/mole for the grain growth in this experiment
will bhe equal to that of one of diffusing ions in
barium hexaferrite. Unforturnately however, ne diffu-

sion data are ovailable for a direct comparison.

IW. CONCLUBIONS

between 11507

and 1200°C the grain growth reaction csn be descri-

1. At relatively low temperaturae,

bed by an equation modified by Burke for a long
time.

2. At higher temperature, there Iz an indication
that a vapor transport mechanism is also taking place.

3. The activation energy for the grain grawth
process in polverystalline barium ferrice is 130--20
Keal/mole. Mo significant difference in the activation
energy betwsen the undoped and 3iQy;-doped harium
ferrite was found, even though the reaction rate of
doped barium {srrite is less than that of undoped

harium ferrize.
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