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Structural Ceramics for Automobiles and Industrial
Application in Japan

Abstract

The status of structural ceramics in Japan is present-
ed. Use of ceramics for structural components had been
limited due to their brittleness, and the successful appli-
cation was wear resistant parts such as thread guides
and ceramic cutting tools up to around 1980. Since then,
considerable work has been done for applying ceramics
to mechanical parts, and automotive components made of
silicon nitride were developed and commercialized in
1980s. Unfortunately, the application of silicon nitride
to automotive engines is not so popular in these days.
Instead, a variety of structural ceramics such as alumi-
na, silicon carbide and zirconia have recently extended
the market, and the expanded application includes vacu-
um process parts for manufacturing semiconductor and
liquid crystal devices, refractory tubes for casting alu-
minum alloy, and dies for optical lens forming. In addi-
tion, cordierite honeycombs and diesel particulate filters
are widely used in automobiles. In the present review, the
recent application of structural ceramics to automobiles

and industries in Japan is summarized.
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Table 1. Japanese Market for Structural Ceramics®

Table 2. Recent Production of Structural Ceramics in
Japan*?

Fiscal Year 1985 1990 1995 2003

Alumina 17,100 28000 33,100 60,700 Product FY2004 FY2005
Zirconia 1900 8,700 13400 11900 Transmission and Electric Products 11000 13,300
Silicon Nitride 2200 T400 7000 7400 Semiconductor Production 29600 33,700
Silicon Carbide 1,600 4,500 3,800 8,000 Liquid Crystal Production 11,900 12,100
Aluminum Nitride - - - 6,500 Precious Mechanical Parts 1,800 1900
Other 3200 14400 19000 22000 General Mechanical Parts. 16,500 16950
Total 26000 63000 76,300 116,500 Non-Ferrous Alloy Making 2000 2,300
(Unit: million yen) Automobiles 27400 30,000
Others 13,700 13320

Total 113900 124070

(Unit: million yen)
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Table 3. Development in Processing Cordierite Honeycomb at NGK Co.?

Cell Structure” 12/300 | 6/400 | 4/400 | 4/600 | 3/400 | 3/600 | 2/900
‘Wall Thickness (um) 300 150 100 100 7 75 50
Number of Cells Per Unit Cross-Section Area (Cell number / cm?) ] I3 &2 %3 @ %3 140
Apperent Density (glen?’) 06 04 025 03 02 025 02
Surface Area Per Unit Volume (e / o) 20 30 Q) 35 ) 35 %
Year of Production Start 1976 1979 199 19% 199 1999 1999

*The wall thickness in unit of mil (1/1000 inch) and the number of cells per square inch
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Table 4. Ceramic Parts Used for Commercial Vehicles in Japan"

Ceramic Parts Materials Advantages of Using Ceramics First Application
Glow Plugs for Diesel Engines Silicon Nitride | Quick start of diesel engines 1981
Reduction of noise emission level and the =xhaust unburned fuel
Hot Phgs for Swil Cambers of Dieel Engies | Sion Niride | ¢ oft OF ToiSe emission feve - 1983
Locker Arm Pads (Cam Followers) Silicon Nitride | Improvement in the wear resistance 1984
Turbocharger Rotors Siticon Nitride | Improvement in acceleration response 1985
Tappets for Diesel Engines (Cam Followers) Silicon Nitride | Improvement in the wear resistance 1993
Exhaust Controller Valves for Twin Turbocharger | Silicon Nitride | Improvement in transition characteristics by minimizing leak gas 1993

g, At 2E BEH 02 ()~3)9 542 53
o, ()8 WESIE Nl gshd e TSR
ok T2y Fase] b A AR
% MFEIL 27F FRulFel AL AWES O
Theol L AlHE 27t AoA)7] 47) wToltk. 2738
8 FEE TICH ALO; 59 AlZhelA S=hs d3 F9
79 Afrgo] A3 1 3o, RS (D~(3)9]
EA0] St AEHY g EHol AMGsle el 70
A7) o ¥ 2RHFE o183te] NP SOtk

A Azegre e Sk UEdE 2888
FA9 ZHFARRI o] Relle (DELEE &7V
WA, Q@Feuel TiC, Zr0,, SiC 27 5-& H71e
A, GYAsht2AZE Aot 23l AshtaAe T3
o] Zkgolvt 218l Qe AN H T Al Al
G 2Fol A A7) oH L A Jol7] HEe]H A
= vl gk

4. NFNY 88

4.1 FOHER

7R A w7t B A AR FANE
2Ag YHolA Aojsl] S8l AFEE FA ge
Zui2 w7t ag Aslele Al2EE ARSIt Al
e A A D] A2 F o} Mgt g ARS-EIH
Fule] GAcl= YEAHAFCE AT Il EA
SUZA YA 27 ARSE T o] U FHE
& Fule) vl FRF yLFIVE S 5SS A
klas

o] Al2d Y AL Sz AMEHE AR HE
Yz o] upistolrt. wi7kA A} Fulr} 71%5S LF

fa
=
u?.

10 || Mzmiz

317] 93t RS AlFE o wjrtie] 257} FolA|
I IR &3] Erj2] 255 ol "art ik FY
o) uhsl= Sl o] 271848l f+E3}1H, Table 3
of VErd A Zo] & ZRIAEFLE, 1976300 &
300um¢1Z o] 199930 &= 50umE QrobATh

42 IWE[FH0E ZEf?

OAd AL 7 AR B3, (e 48L& it
g EdAAT} B, QEF AR St Ao)Y,
GHZEL EZEED o] e 59 o1Fo] oM &
FAugo] ¥ AF2UsE 7 25 ©A7ER uy
3% AL 5] Atk T2y 4E3 3ol Q8 E
FARA FTEADAT | W2ol7] wliel, 988 718t
7} 283 {7 &2 IdE FTdddvt dojud 5
Z.9] n]YAAHE- A ol(Particulate Matter: PM) A 3=
FA7} Aok PMoll = et dolu 713 -2 2o A3
’3o] AA=lo] viETHAlIE dAslth PMES AlAskE dl
= "UEHE AS 20t A 4EZ 93 A sElFdY
o|E & E (Diesel Particulate Filter: DPF) A-&tsh= 7
o] gty o|t}. AEEP¥ DPF= A 3ol e
AZ o3d A U J7EF 275 S
72 X2 otk FYE ke ud A HE§
53, PME §45 4 8 2 89, Hujiol g dc)
DPF¢] A5 Frjolete| E< ghshtirt A€tk

43 RSA A S
A4S FALE 328 Alepiie] Aga AR
o 9] -5-&-o](Table 4) F53A FaP& AL 1980 ddh
Zolth tAdze] AlFAdE s A3l 22 =
ZIE Azte 2 AR Algel 2] 286 93 SHAS



AEE MztalAo] XIERIQ HMIEYole) 28 @

NS

zo)7] 93 HEAAZNE T 2ALHIY YIE &
AZZ ol el R Ed o) S-go] JPHrt. T2
U} 283 DAe) AE 2 solse] TN RET
VARG F QT TAE S o]LTE AT A
2| kT, AFEAte] el Wslel] whE X713 Abakel A
AL REE 2x) gkord A 2ok

w7 Wee) RSl ERE] YL FAls o
79 73HYAelA o]Fo) Bor Mgtere) 28
781 71 E s Rofolth AlmatelE o}F] Agshe
)27 gstort A3 Asfte] o] FeIA T glrh
198013t e} & 2 w2}l Al 8BS} AR F o]
7=ksl aHE AAZ gl o, 1990 drh= Asht
MBS AMESl EEAAFS thlE] WixAl)A 8
ok

5. 2E

TZ& Atz A 1980t E34 =
vjEhE ZEle 2ot} T Abe] el AdEstd
BEe A3t 23, At 5 327A 9 FE54 W)
oY oz G Ag A3t a wlojH o] ALk F
Z71A1) AR ol FAUY. = Ashidh Az
1000°C7HA] AHE- 7Fa3 28 AX o] /s,
HH8 AR LI A 3Pl 71Ty, &F
U AZE £ R dejgeiels 5 AY
7}o|E At Sofl S-8o] AT S3HtAhE WAE
7tolE Soll 2457 ok J2FVoks 2Ygely}
7r9lell ] -S-&-ell olo] FAYE HEol Ao|AEF
o] £8o] a7 P, TICE B3 GFovh= 2t
71 E gEtolE2 S-&o] 3P

1988 AFE 11'd AAIE FAW o1& Al 7k

E{N1AT B00kW g CGT) oA Bl 7258 1350C
A EE 2.1%Z TEE H0] AF HAJ}k IA
TEEAo| $5% AspaAE Y M, 22 Mt
B 25A) o] 'R A7), ME2ARE 0183 5

FATRAL g Sl 93 slei7t T,

rlo

N1z

1. A. Okada, Bull. Ceram. Soc. Jpn., 40 [4] 259 (2005).
2. A. Okada, Engineering Materials (Kogyo Zairyo), 53
[8] 23 (2005).
3. T. Sugimoto, Bull. Ceram. Soc. Jpn., 39 [9] 700 (2004).
4. T. Sugimoto, Bull. Ceram. Soc. Jpn., 40 [9] 703 (2005).
5. T. Sugimoto, Bull. Ceram. Soc. Jpn., 41 [9] 703 (2006).
6. Hadbook of Ceramics (2sd Ed.) Ed. Ceramic Society
of Japan, Gihodo, pp.1250-56 (2002).
7. E. Sotoya, Bull. Ceram. Soc. Jpn., 40 [6] 438 (2005).
8. M. Sakamaki et. al, Bull. Ceram. Soc. Jpn., 38 [4] 287
(2003).
9. K. Kawasaki, Bull. Ceram. Soc. Jpn., 39 [9] 688 (2004).
10. T. Takahashi, Bull. Ceram. Soc. Jpn., 40 [6] 423
(2005).
11. K. Kato, FC Report, 17 [8] 194 (1999).
12. S. Hamayoshi, Bull. Ceram. Soc. Jpn., 40 [6] 430
(2005).
13. M. Nagano, Bull. Ceram. Soc. Jpn., , 40 [6] 443
(2005).

oo [AH B (2710 °F[=h

® 10494 1

e19754% RN TEABRBRIETHES, TEHY
+. BEABHERREGH BAHR
ABERA DN AE FTAHLZ MHRHE
EE AU Y B4 FAHLA,
ISO TC206 (M) 2t 2 =) o} Ao E F
FEAT, A (L@ 2k A B A B 2
HE NS LHEREERAR).

Moy Mok, 20064 (2% || 1



