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Post-firing process of electronic ceramies. such as electroding and encapsulation with resin, often causes damage by
thermal shock. The thermal shock behavior of BaTi(, ceramies was investigated by the down-quench test, where
the relative strength retained is determined after the sample is quenched from an elevated temperature into a fix-
ed temperature hath The critical temperature drop, ATs, was evaluated for three kinds of sintered BaTi0), ceram-
1cg, which were formed by extrusion, uniaxial pressing using granules, and uniaxial pressing using powders. A
drastic loss in strength caused by microcracking was ohserved for the specimens quenched with AT = 160°C. This
concept can be adopled as a method of the quality control by monitoring the sudden drop of the strength of capa-

citor products afler each exposure 1o heat,
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L. Introduction

arium titanate (BaTiQ,) is a well-known material for

multilayer ceramic capacitors of high-dielectric con-
stant, thermistors with positive temperature coefficient
(PTC), gas sensors, and other electronic devices.'” A
prime requitement in the manufacture of electronic
ceramics is its reproducibility showing the required pro-
perties at every run. For satisfactory and reproducible
propetriies of electronic ceramics, the control of specified
microstructure is essential, which depends on the charae-
teristics of starting powders and the forming and sint-
ering processes " However, BaTiQ, devices often show
the lack of reproducibility in properiies even though they
have the specified microstructure, due to the thermal
shock damages during post-firing processes.

In this study, thermal shock behavior of three kinds of
sintered BaTiO, ceramics, which were formed by ex-
trusion (designated as material A}, uniaxial pressing us-
ing granules (designated as material B), and uniaxial
pressing using powders (designated as material C), was
investigated by the down-quench method and their crit-
ical temperature drops, AT., were evaluated.

1I. Experimental Procedure

Three kinds of BaTiO, specimens were provided from
Dongil Electronics (Seoul, Korea) and their charac-
teristics are listed in Table 1. Only limited details are
available concerning these materials such as forming
method and composition. Materials A and C were disk-
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shaped and material B was a doughnut-shaped. The
state of samples were as-fired for materials A and B and
silver-faced, which has experienced one of post-firing pro-
cess, for material C. The diameter and thickness of the
as-received specimens were measured and the specimens
having the dimensions of within #0.2% of the average
value were selected for the experiment. The as-received
specimens were heated to the desired temperature (AT=
50~300°C) in a box-type furnace in air, annealed for 1 h
for thermal equilibrium, and quemched into water bhath
(20°C). The relative strength of the quenched specimen
was measured at room temperature on 8 specimens at
each condition using 3-point bending with a 10 mm span.
The relative strength was calculated as follows:

Relative strength (%)
__Load of quenched specimen in bending
Load of as—received specimen in bending

Densities were measured using the Archimedes
method. For material C, the silver layer was removed by
polishing for measuring the density. The microstructure
was observed by scanning electron miecroscopy (SEM) for
fractured specimens. Some specimens were polished for
ohserving the microcracks.
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III. Results and Discussion

Fig. 1 shows typical microstructures of materials A, B,
and C. Material B has coarser microstructure (average
grain size =5 pm) and larger pores than the others. Mi-
crostructure of material A was similar with that of ma-
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Table 1. Characteristics of Specimens Tested
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Specimen A B C
Formin Uniaxial Uniaxial
metho dg Extrusion pressing pressing
with granule | with powder
State Asg-fired As-fired Silver-faced
sk Doughnut Disk
Shape (Dia. 17.7x0.8 | (0.1, 20,1, ID | (Dia. 19.56x1.6
mm) 8.9x1.8 mm) mm)
BaTiO, 7.75 98.01 -
Compo- AlQ; 0.41 0.26 -
sition
(wt%) | SnOy 0.85 1.62 -
SrO, 0.99 0.11 -
Bulk density 5.77 5.88 5.48
{gfem”)

[ -,
Fig. 1. SEM micrographs of fracture surfaces: (a) A, (b) B and

(&) C (Refer to Table 1).
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terial C.

The results of the water quench tests are summarized
in Table 2. The relative strength as a function of tem-
perature difference (AT) is shown in Fig. 2. The material
A shows a typical Lhermal shock hehavior of ceramics on
rapid cooling. The strength was constant up to AT=100°C
and it decreases calastrophically in a narrow tem-
perature range {100°C < AT < 150°C). A gradual decrease
in relative strength was observed with inereasing AT
when AT>150°C. This behavior indicates that the ther-
mal tensile stress introduced in ihe surface repion as a
result of the temperature gradient is sufficient to initiate
growth of surface cracks or defects when AT >150°C. Be-
cause of the steep thermal gradient, the surface tensile
stress diminishes with distance into the sample reaching
a zero level and then becoming compressive in nature.”
This stress profile may act to arrest the surface cracks

e F

Table 2. Relative Strength of As-Recsived and Quenched Specimens

Specimen A B C
AT C) Load Relative strength Load Relative strength Leoad Relative strength
kg (%) kg (%) (kg (%)
a* 3.74+1.59 100 24.07+002 100 21.74+7.83 100
50 3 83+0.79 102 34.69+0.50 144 14.224+5.49 65
100 3.85:-0.93 103 25.10:+3.67 104 13.65%£5.77 63
150 271+1.65 72 7.67+1.49 32 8.55+4.42 29
200 2.81+£1.07 62 6.20-+1.20 26 814+1.21 37
250 1.64+0.43 44 5.36+1.27 22 7H8+0.79 36
300 1.56+0.19 42 498+0.75 21 7.26+0.70 33

*As-received specimen.
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Fig. 2. Relative strength as a funection of temperature diff-
erence (AT} for various BaTiO; ceramics.

at some point helow the surface depending on the tem-
perature profile and the fracture resistance of the ma-
terial.

The material B, which has the largest grain size,
shows an initial increase in relative strength at AT=50°C,
returng to the as-received value at AT=100"C, and shows
catastrophic strength loss in a narrow temperature
range (100°C <AT < 150°C). A pgradual decrease in re-
lative strength was observed with increasing in AT when
AT=150°C. The cause of the initial increase in relative
strength was not clear at preseni. This kind of bhehavior
was also ohserved in Si;N, ceramics with controlled flaw.”

The malerial C shows an initial decrease in relative
strength at AT=50°C, retains its strength up to AT=100°C,
and decreases again in a narrow temperature range (100°C
< AT < 150°C). A gradual decrease in relative strength was
observed with increasing AT when AT=150°C as the other
materials. The initial drop in relative strength was believed
due to the tensile siress formed in silver-printing process,
which experiences thermal shock from room temperature to
the temperature of the melt of silver-paste.

The above results indicate that the critical tem-
perature drop (AT.} of BaTiO; ceramics ig in the range of
100~150°C, irrespective of the forming process. Tt also
suggests that post-firing process, such as electroding and
encapsulation with resin, of BaTiQ; ceramies should be
controlled within AT=100°C

SEM micrographs of polished cross sections far both the
as-received and gquenched specimens (AT=200"C} of ma-
terial B are shown in Fig. 3. The quenched specimen
shows the presence of microcracks, as indicated by arrows
in Fig. 3(b). Therefore, the observed decrease in relative
strength of specimens quenched from the temperatures
above AT, was due to the microcracking in the specimen.
The amount of cracking may increase with increasing AT,
which explains the gradual decrease in relative strength
obgerved with increasing AT when AT > 150°C.
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Fig. 3. SEM micrographs of polished cross sections: (a) as-
received specimen (B) and (b) guenched specimen (B, AT=
200"C), The arrows in (h) indicate the micracracks induced
by quenching.

This concept of fracture mechanics can he utilized into
the manufacturing plant as an easy way of quality con-
trol, by monitoring the strength of capacitors at each
steps. The sudden strength drop below the average value
can be interpreted as an indication of mechanical dam-
age done by the previous heat exposure.

IV. Conclusions

1. The eritical temperature drop (ATe) of BaTiQ, ceram-
ics was observed in the range of 100~160°C.

2. The observed loss in relative strength for the speci-
men quenched from the temperatures above AT; was due
to the mierocracking in the specimen.

3. The results of this research suggests that post-firing
process, such as electroding and encapsulation with
resin, of BaTiO; ceramics should be controlled within AT=
100°C.

Acknowledgement

This work was supported by Korea Institute of Science
and Technology (KIST). The authors also gratefully ack-
nowledge the provision of samples from Dongil Electronics
(Seoul, Korea).

References

1. T. R. Armstrong, L. E. Morgens, A. K. Maurice, and R. C.



198

The Korean Journal of Ceramics -

Buchanan, “Effects of Zirconia on Microstrmeture and
Dielectric Properties of Barium Titanate Ceramics,” J.
Am. Ceram. Soc., T2]|4], 605-611 (1989).

.T .J. Hwang and G. M. Choi. "Humidity Response

Characteristies of Barium Titanate,” J Am. Ceram. Soe.,
76[3], '766-768 (1993).

. Y. 8. Yoo, J. J. Kim and D. Y. Kim, 'Effect of Heating

Rate on the Microstructural Evolution during Sintering
of BaTiQ; Ceramics,” J. Am. Ceram. Soc., 70[11], C-322-
324 (1987).

. H. L. Hsieh and T. T. Fang, “Effects of Powder Pro-

cessing on the Green Compacts of High-Purity BaTiO,,”
J. Am. Ceram. Soc., T2[1], 142-145 (1989).

. H. L. Hsieh and T. T. Fang, "Effects of Green States on

Sintering Behavior and Microstructural Evolution of
High-Purity Barium Titanate,” .J. Am. Ceram. Soc., T3[6],

Jae-Yeon Kim e al Vol 3, No 3

1566-1573 (1990).

. M. Drofenik, "Initial Morphology and Grain Growth in

Donar-Doped Barium Titanate,” J. Am. Ceram. Soc.,
75091, 2383-2380 (1992).

P. F. Becher and W. H. Warwick, “Factors Inlluencing
the Thermal Shock Behavior of Ceramics,” pp. 37-48 in
NATO ASI Series. Vol. 241, Thermal Shoek and Ther-
mal Fatigue Behavior of Advanced Ceramics, Ed. by G.
A, Bchneider and G. Petzow, Kluwer Academic Pub-
lishers, Norwell, 1992.

. H. Kawamura and H. Kita, "Change of Fracture Tough-

ness and Strength Caused by Thermal Shock for SijN,
with Microcrack.” pp. 59-74 in NATO ASI Series, Val.
241, Thermal Shock and Thermal Fatigue Behavior of
Advanced Ceramics, Ed. by G. A, Schneider and G. Pet-
zow, Kluwer Academic Publishers, Norwell, 1992,



