25

ogdooobbogoooooon

good

gooo,0ooob,boobo,0000

Microwave Sintering of Electronic Ceramics
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Abstract

Microwave heating offers advantages over conventional technologies such as rapid heating, internal heating and
preferential heating. Microwave sintering of ceramics was performed using the heating control system and single
mode cavity developed for this study. This study investigates the feasibility of the microwave sintering for electronic
ceramics, e.g. ZnO varistors and PZT, in terms of densification, microstructure, mechanical and electric properties.

ZnO varistors sintered by microwaves indicated higher nonlineality factors than those sintered by a conventional
process using an electric furnace. PZT obtained by microwave sintering had a high strength due to its high density
and small grain size compared with that obtained by conventional sintering. Furthermore, since the sintering
reaction of PZT ceramics was accelerated by microwave radiation, they also had high electric properties.

Thus, the microwave sintering is characterized by alow sintering temperature and a short soaking time and can
be expected to sinter ceramics with both high strength and high electric properties.

Ooooo jibofdtbobooooobooooooooooooooooooozeOOOOOOPZTOOOOOODO
goooooooo

1.

goooooroooOoOoO0O0OOobobobooboooo
gooo

O
oo
oo

ooooooooooooboooooooboooooo
gooobocoooooboobowesoonoooo gboooboooboooobooboooooobooooon
gboboooboooboobooboboboboooo gbooboooboooooboooooobooboooogon
‘00000000000 OooOooooooon gbooooooooooboooooobooboooogo

0000000 R&DOOOOOVO.30 No.4 (1995.12)



26

ooooooooooOoooooboooOoooooDoon
ooooooocooooooOooOoooboooooo
oooooooooobooo

goooooooooooooooboooooooon
ooooooooooooooooooboooooon
oooooooooooooooooooboooooo
ooooooooOooooboOoooooboooooo
odbznOOOOOOOOOOOOOOOPZTOOO
oooooooooooooooOooooboooooo
oooooooooooooooooooboooooo
oooooooooobooo

2. 0000OO0OUOOObOOOOO

oooooboooooobcooooooooooo
ooO0oooooooo0ooOoooo(ooooon)
oooooooooooooooooooboooooo
oooooooooooooooooobooooboooDo
ooo0o(bOooo)ybooooooooooopOOO
ooooooio

m%aﬂwéw 0000000000000 (Q)

00000000000 (=gtand) 00000
0000 (&:00000tnd: 0000 )0 wd OO
OD00EDOOODOV.O00O0O0O0OO0O0OOO

0000¢000000000000000000
0000000D00000000000000000
000000000000000000000000
00000000000000000000000é"
000000000000000000000000
OD0O0Fig. 1000000000000000000
OD0000¢00000000000¢00000
0000000O000000001800CO000D0D
01000 00000000000000000000
000000000000000000000000
00000000000000000000000

00000000000000000000000
00000000000 0000000000000
00000000000000000000000
0000000D00000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 000¢0000000

0000000 R&DOOOOOVO. 30 No.4 (1995.12)

ooooooo0ooooooOooooooOooooo
goboooooooooboooooooboooooo
oooooooooooboooooooboOooooo
oooooooooooooooooooboooooo
gooooboooboooooooooooooooon

3. boboboobooobo

oooooooooooooooooocooooo
oooooooooooboooooooboOooooo
ooooooooooobooooooooboooooo
oobooooooooooooboobo2000000
oooooooooooOooooooDoooboOoooono
ooooooo0ooooooOooooooOooooo
goboooooooooboooooooboooooo
oooooooooooooooooooboOooooo
oooooooooooooooooooboooooo
gooooobooooooooboooooobooboooooo
ooooo

O000000Fg. 2000000000C0O0OO0
ocooboooooobo(oobooobo)yoooooooo
000000000000 oooooo0o0o0oo0o
oooooooooooobooooooooboooooo
ooooOoooooooooooooo (ooo)o
ooooo(oooooO )obooobooboooooooo
ooooooo0ooooooOooooooOooooo
obo0ooo0o0ooo0oooOodoon0d245GHzZOO0O

"
LY

ok Ve

Loss Tactor

.01 -./

0 1000
Temperature (CC)

2000

Fig. 1  Temperature dependence of dielectric loss

factor of 92% alumina measured at 6GHz.
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Fig. 2  Single mode rectangular cavity for microwave

sintering.

Table 1 Magjor properties and chemical compositions
of ceramic powder.

Theoretical |Powder . "
: . Chemical composition
Powder| density | size
3 wt%
glcm mm
Al,O4 3.99 0.2 |>99.99%
AIN 3.26 1.8 | N:33.4%,0:1.78%
TiO, 4.25 1-2 |>99.9%
ZrO,* 5.90 03 |Y,0;:13.67%
ZnO 5.78 <10 |>99.9%
PZT 8.0 1 Pb(Nby3Ni1;3)O5—Pb(Zry.33Tig67) O3
PLZT 7.8 1-2 | Phyglays(ZroesTioss)Os
BaTiO;| 6.0 1.1 [ >99.7%

* Stabilized zirconia
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sintering for 5min at 6GHz.
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Table 2 Properties of ZnO varistors sintered by
microwave and conventional process.

Sintering Density | Gran | Breakdown| ~Non-
condition glem® ?jrzls \(?,I:ﬁﬂ]e Imegnty
Microwave
1150°Cx 5min 5.59 105 521 34
1150°Cx 10min | 5.62 105 503 38
1350°Cx 5min 5.63 50 10 294 27
Conventional
1150°Cx 1h 5.67 50 10 300 22
1350°Cx 1h 5.62 50 15 54 4

(a) Microwave sintering for 5min

Fig. 5
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(b) Conventional sintering for 1h

Microstructure of ZnO varistors sintered at 1150°C.
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Fig. 12 X-ray diffraction patterns of PZT after (a)
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