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METHOD AND APPARATUS FOR FIRING CERAMIC COMPACf 

BACKGROUND OF THE INVENTION 

1. Fiold of the lnyep.tion 

S The present 'mveodon relates t.o a method and apparat:wi for firinr ceramic 

compacts used in elecaODic pans. 

2. Demtjon of the Related Art 

Jn nws production of ceramic elecuonic parts and the lite, green ceramiC 

10 compacts are generally fired using a batch firing appmt:wi la such as set forth in 

Figure 4. Figure 4 is a cross-sectional view of the batch firing apparatus la, provided 

with a furaace 2a having a firing space 3a for areen ceramic compacts therein. The 

t'urnacc 2a comprises a furnace wall 4a including a ceiling and a side wall, a stage 

loa as a hearth, a heater Sa provided along the furnace wall 4a in tbc furnace 2a, a 

15 gas inlet pipe 6a and a g!IS outlet pipe 7a provided in the ceilinc of the furnace. 

Further, a lift 9a Is provided under the stage lOa for raising and lowering the stage 

lOa. The fmnace 2a is suppomd by legs 11a. 

In the firing procesa of green ceramic compact& using the flrlng apparatus la, 

a casing Ba includin1 many peen ceramic compacts is put on the stage lOa and placed 

20 in the firing space 3a in the fumace 2a. 1be flting apace 3a is heated with the heater 

Sa to fife the green ceramic compacts while supplying a given gas through the gas 

inlet and outlet pipes 6a and 7a. After lhe furnace 2a is cooled to a predetermined 

tempera1Dre, the stage is lowered with the lift 9a to remove the fired ceramic 

compacts. '\.. l 0 ()..., 
25 Since cooling in the turnace 2a of thC ccmnic compacts, which ls fired at a 

high temperatore, to room temperature requires a long time period, it is proposed in 

order to achieve faster cooling that the Stage 10a be lowered with the lift 9a while the 

fired ceramic compacts have a high temperature be cooled by direct exposure to the 

open air. 
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However, such mpld coolln& of fired ceramic compacts results in dctcrloration 

ml fluctuation of electtie characteristics of electronic parts comprisina caamic 

compacts due to the unstable cooling acmosphere. 

SUMMAllY 01' TBE INVENTION 

It is an object of the present invention to provide a method an4 apparatus for 

firing ccramlc compactS in which rapid cooling of filed ceramic compacts can be 

achieved in a stabili7.ed cooling aunosphere. 
In accol'dance with the present invention,· a method for firing a green ceramic 

10 compact comprises the steps of: pJ.acini a casing comainiq a green ceramic compact 

into a firina tube made of a highly heat-conducdve material so as to substantially · 

close the casing; firing the green ceramic compact in a ibrnacc; cooli11g the fired 

ceramic compact by ditectly exposing the outer surface of the firing tube to open air; 

and removing the easing from Ebe fll'hlg tube. 

15 In accordance with a second aspect of the present invention. a firing apparams 

for a green ceramic compact comprises: a furnace which may be provided with a 

hearth comprising a f1ISt stage and a second stage, each being independently movable; 

and a fll'ing 1llbe in the furnace wiEh a given space from the side wall of the fomace, 

the top of said firing tube perhaps being fixed to the ceiling of said furnace~ the 

20 bottom end of the firing tube capable of being placed on the first stage loaded with a 

casiq containing the green ceramic compact so as to substantially close fhe casing, 

the firing tube having a space for firing the green ceramic; compact therein m:l beiDa 
formed from a highly heat-conductive material. 

In accordance with the method and apparatus for firing a ceramic compact of 
2S the present Invention. cooling of the fired ceramic compact is performed by directly 

exposing the outer surface of the flrlna tube to open air after the casing containing the 

ceramic compact is loaded in the fning tUbe made of a highly heat-conductive ma,tcrial 

so as to substantially seal the casing away from open air. In such coolillg of the fired 

ceramic compact, the firing space atmosphere in the flrlng tube is not disturbed by the 

30 open air but after the ceramic compact is fired, the firing tube is, and thus cooling can 

be stably achieved. 
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BRIEF DESCRJl'TION OF THE DRAWINGS 
Figure lA is a loDgitwtinal sectional view of an apparatus for firing a ceramic 

compact in accordance with an embomment of the present Invention, and. Figure lB is 
a horizontal sectional view taken from line A·A of Figure lA; 

S Figmc 2 is a longitudiDal sectional view for illustrating the cooling step of the 
fired ceramic compact in the apparatus set forth in Pigure 1; 

Figure 3 is a lonaitudinal sectional view for Wustrating the step for removina 

the firecl ceramic compact from the apparams set forth in Fipre 1; and 

Figure 4 is a longitudinal sectional view of a prior art apparatus for 1'iriq a 
10 ceramic compact. 

DESCRIPl'ION OF THE PREFERRED EMBODIMENTS 
The present invention will now be illustrated with refenmce to the 

embodiments set forth in the drawings. 

15 Figure lA is a longitudinal sectional view of a batch firing apparatUS 1 as an 

embodiment in accordance with the present invention, and Pigure IB is a horizontal 
sectional view taken from line A·A of Figure lB. A heater S set forth in Figure lA 

is omitted in Figure lB. 

The fmna apparatus 1 includes a furnace 2. and a firing tube 14 which is 

20 provided on the ceilq of the furnace 2 and has a firing space 3 for firing a c:etamic 
compact. The fUmace includes a furnace wall 4 iDcluding a ccillng and a side wall, a 
hearth comprising a first stage 10 and a second stage 12, a heater S provided in the 

furnace 4 along the inner firing tube 14, a ps inlet pipe 6 and a ps outlet pipe 7. 
Tb.e first stage 10 is located in tba center of the furnace 2 ind the second stage 12 is a 

2S ring tightly provided alq the periphery of the first stage 10 without openings to seal 

in the heat during a firing. The fitst and second stages 10 and 12 move jndependently . 
from each other. 

The gas inlet and outlet pipes 6 and 7 are provided in the ceiliq of the firing 

tube 14. The composition of the gas used depends on what characteristics are desired 

30 in the fired ceramic compacts. The raring tube 14 is provided in the furnace 2 so as 
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to have a given spa= 13 between the furnace wall 4 and the side wall of the firina 
tube 14. The top end of the flrlna tube 14 ts tightly fiXed to the ceiling of tbe furnace 

2 by a sealing m.eam. A casing 8 containing a green c:cramie compact is loaded on 

the first stage 10 and is enclosed by the bouom mt of the firing tube 14 and the first 

s stage 10 so as to not form a pp between them.. The firina tube 14 is formed from a 

bigh1y heat-concluctive material, for example, alumina and silicon carbide. Silicon 

carbide is preferably used due to its high heat CODductivit,y and high mechanical 

strength. · The first and second stages 10 and 12 of the hearth are provided with lifts 9 

and 15 so that the first and second stages 10 and 12 can rise and fall lndcpcndent1y of 

· 10 each other. 1be t\Jmacc 2 is supported by legs 11. 

Next. a method for firina a green cermnic compact using the apparatus 1 set 

forth above will be illustrated. with mference to Flpres 1 and 2. 

The casing 8 containing many peen ceramic compacts is loaded on the first 

stage 10 and placed in the firing iubc 14 in the filmace 2 by means of the lift 9. The 

15 casing 8 is thereby enclosed in the firing space 3 in lhe firing tube 14. The second 

stage 12 is also raised by means of the lift 15 so as to close the furnace 2. Tlumt the 

heater S .is energif.ed to heat the fning space 3, and a given gas is fed through the gas 

inlet and outlet pipes 6 and 7 to fire the green ceramic compacts. 

After firing, the second stage 12 is lowered along the X direction set forth in 

20 Figure 2 by means of the lift 15 while still enclosing the firing tube 14. The -space 13 

between the furnace wall 4 and the firing mbe 14 is exposed to open air by an 

Opening formed by such movement of the second stage 12 and thus the firina tube 14 

is directly exposed to open air. Thus, the fired ceramic compacts, as well as tile 

firing iube 14, ~cooled by open air introduced through the opening. In order to 

2S shorten the cooling time, cool air may be fed passed the outside of the faring tube 14 

with a fan. The fired ceramic compacts arc cooled to around room temperatme in 

such a manner. 

Then, the first stage 10 is Ioweied along the X direction set forth in Figure 3 

by means of the lift 9, the casing 8 containing the fired r.eramic compacts is unloaded 

30 from the first stage 10, and the fired ceramic compacts are removed from the casing 

8. 
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In the method for t1riDg green ceram.ic compacrs. tbe firing .space atmosphere 

is considerably homogeneous even when open air is introduced in the furnace 2 to 

rapidly cool the fiied ceramic compacts. Tlms, electronic partS made of such ceramic 

compacts exhibit stable and excellent c1ectric cbaracteristics. The firing space 3 in the 

S firing tube 14 may be enclosed to an extent that the atmosphere in the firina space 3 

is not disturbed by open arr introduction in the furnace 2. 

The firing method in accordaDce with ihe present invention will be explahlecl 

in more detail with reference to a monolltbic ceramic capacitor of 100 nP capacitance 

baving a length of 1.6 min, a width of 0.8 mm and a thickness of 0.8 mm. Using the 

10 firing apparatus 1 set forth above havioi a flring mbe 14 made of silicon carbide, an 

aluminum casina comaintna many green ceramic compacts was loaded onto the fint 

srage 10. The green ceramic compacts were fired in the firing tube 14 at a maximum 

firing temperature of 1,300 °C, and then the inside of the furnace 2 was cooled as is. 

Then. the second staae was lowered to introduce open air into the 1\lroace 2. The 

lS fired ceramic compacts were, thereby, cooled from 1,000 •c to room temperatme at 

a cooling rate of approximately 10 °C/min. The first stage 10 was lowered, the 

casing 8 was unloaded from the first stage 10, and the fired ceramic compacts were 

removed from the casing 8. Monolithic ceramic capacitors were obtained in such a 

manner. 

20 Por comparison. are= ceramic compacts were fired as in set forth above with 

the prior art apparatus la set forth in Figure 4, the stage lOa was lowered at a high 

temperature of 1,000 °C to directly expose the fUed ceramic compacts to open air, 

and the fued ceramic compacts were cooled at a cooling rate of 10 °C/min. Prior art 

monolithic ceramic capacitors were obtained in such a manner. 

25 Each 100 of the monolithic ceramic capacitors obtained by the methods in 

accordance with the present invention and based on the prior art were subjected tD 

evaluation of change in electrostatic cap&citancc. As a result, it was found that the 

monolithic ceramic capaciton obtained from the prior art method have a high change 

variance (CV) value in electrostatic capacitance of 13.8", whereas the monolithic 

30 ceramic capacitors obtained from the method in accordance with the present invention 

have a low change variance (CV) Value of 4.9%. 
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Accordingly, the atmosphere of the firing space 3 in the flrlng tube fJ can be 

stably and rapidly cooled without di5turbance by the open air. 

'lbe firing apparams 1 in accordance with the present invention is not limited 

to the embodiments set forth above and thus can be modified wkhiD. the scope of die 

S present invention. For example, although the staae 12 is verdcally movable in the 

. · embodiments set forth above, a hori7.ontally movable stage may also be used. 

The shapes of the furnace and the firing space are not limited to being 

cylindrical as shown in Figure 1, and other shapes such as a prism or other rectilinear 

shapes may be employal. The shape of the firing tube 14 is also not limitecl'to a 

10 ·cylinder, and may be, for example, prismatic or other rectilllar shape. Moreover, 

the first stage 10 and the &eCOl1d stage 12 are not limited to being circular and a 

circular rhlg, and may be. for example, reclaDgU1ar and a rectangular ring, 

respectively. 1be second stage 12 may have an appropriate shape independent of the 

shape of the first stage 10 as long as the second stage 12 is provided so as to tightly 

15 close the casing 8. 

Although ~ casing 8 loaded on the first stage 10 is made of alumina in the 

em.bodiments set forth above, other materials such as zim>nia may be also used. 

Further, tbe method and apparatus of the present invention are applicable to 

any ceramic elecuonic parts formed by f"uing green ceramic compacts other than 

20 mooollthic ceramic capacitors. 
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WHAT IS CLAIMED IS: 

1. A method for firbJa a green ceramic compact comprising the steps of: 

placing a casing containing a peen ceramic compact into a firing tube 

made of a highly heat-conductive material so u to substantially enclose said ca.sing; 

s firing said green ceramic compact in a furnace; 

cooling the fUcd ~ compact by directly exposing the outer 

surface of said firing tube to open air; and 

mnoving said casing fiom said firina tube. 

10 2. A method in accordance with claim 1, farther comprising the step of 

providlng said firing tube in said fumace. 

3. A method in accordance with claim 1, wherein said. placing step 

includes the steps of placing said casing comatmng a green ceramic compact on a first 

15 movable stage and moving said first stage into contact with said ftriq tube so as to 

substantially enclose said casing. 

4. A ~thod in accordance with claim 1, wherein. said firing step includes 

the ltep of moving a second stage into contact with walls of said furnace so as to 

20 substantially close said casiug to open air. 

25 

S. A method in accordance with claim 4, whendn said cooling step fUrther 

includes moving said second stage out of contact with said walls of said fQmace to 

directly expose the outer surface of said fll'ing tube to open air. 

6. A method in accordance with claim 1, wherein said removing step . 
further includes the steps of moving a first movable stage out of contact with said 

firing ~be and removing said casing from said lint stage. 
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7. A method in acco!dance with claim 3, whcrcbi said mnoviDg step 

further includes tbe sreps of moving said first stage out of contact with said firing tube 

and removing said casing from said first stage. 

S 8. A firing apparatas for firing a green ceramic compact. comprising: 

a furnace; and 

a firing tube kt 111' 11 .. 11 •Eitl\ •1in1a space flam Ilia 11'1 eual sf ~ 

sailll fa1uu, said firing tube capable of being loaded with a casiDg containing said 'I 

green ceramic compact so as to substantiaDy close- said casing, said firing tube having 

10 a space for firing said casing therein. 

9. A firing apparatus in accordance with claim 8, wherein said furnace is 

provided with a hearth comprising a first movable stage. 

15 10. A firiog apparams in accordance with claim 8, wherein said furnace is 

provided with a hearth comprismg a first stage and a second stage, each being 

independently movable. 

11. A firing apparatus in accordance with cJaim 8, wherein said firing tube 

20 is provided in said tumace. 

12. A firiDa apparatus in accordance with claim 8, whmein said firing tube 

includes a highly heat""°:aductive material. 

25 13. A firing apparatDS In accordance with cJahn 8, wherein said firing tube 

30 

ii slid 111111:1 ii at a given space from a side wall of said f'umace. 

14. A firing apparatus in accordance with claim 8, whemin a top of said 

firing tube is fixed to a ceiling of said flJDJace. 
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.9. 

15. A firing apparatus in accordance with claim 9. wherein a bottom of said 

fJring mbe in said furnace ls designed to contact said first stage so as t.o substantially 

enclose said casiDg. 
. f I 

16. A tiring tppa'8lllS In accoolau::e wllll *hf:tein said flrlDI tube 

in said furnace is at a given space from the side wall of said fumacc, a top of said 

firing tube is fixed to a celling of said tumacc, a bottom end of sakl firing tube is 

capable of being placed on said first st.age so as to substantially em:lose said casing, 

said firing tube having a space for firing said areen ceramic compact therein and 

being fonned from a lllgbly heat-conductive material. 

17. A firing apparatus in accordance with claim 8, wherein said second 

stage is movable to close said furnace to open air. 

IS 18. A firing apparalUS for a green c:eramJc compact comprising the •Up nf: 

a furnace provided with a hearth comprising a first stage and a second 

stage, each being independently movablet and 

a firing tube provided in said fllrDace with a aiven space from a side 

wall of said furnace, a top of said fi.riDg tube being fixed to a ceiling of said tumace. 
20 a bottom end of said firing tube being placed on said flI'St staae loaded with a casing 

containing said green ceramic compact so as to substantially close said casing,· said 
firing tube having a space for firing said green ceramic compact therein and being 

formed from a· highly heat-conductive material. 


