s. Reproduction is not permitted.

rch and education purpose

stricted to resea

of NIMS library items is re

The use

ISSN 1342-5129

£7 3y 7 ZDMPIMTICE T 2%

2001

TR E e TR e s BB 1165



®HE (FxX. 30

1. BFFZEHETEIS J UPRERR  --vereerereemmemee e
1. 1. w:U&)O: ......................................................................................................
TR 1 .1 S
1. 3. TGS TFDRERRE coveerrrermerranetr et tr ettt e
S R (== L
1. 5. BBEBE  eeeeenennenon et e

0. F T Iy 7 ADPEBL e
T I GO s LT
0. Q. ZEALA A ZEF JH T R Y T A ceeererereeneee e

2. 2. 1 BEKEREDELENT]  -ooroeeeeereeremeerri e
2. 2.2 BERTEDAIL e
2.2, 3 FIET I W T ADVEEL e
2.3 ﬁ{tb—,{%ﬁ—/{zﬁs\y?x ..............................................................................
2. 3. 1 ABBIST DARIEBERE  ceverereee oo
2.3, 2 F/ET I v T ADIBREENME  cooeerreere e
2. 3. 3 BEISEING & BHFRZZTEAL  coorvevvrrreeermommeer e
2. 3. 4 EREWBIFIRINCE 2F /€5 39 7 ADVEEL oo

3. B A TEORBIBMEIETS  covvererrrrrreere e e e
T I T TS e
3. 2. FEMEIZ & BABEBHEZETG  covvreveeeemeee e

3. 2. 1 BRERTTEE  ceerereeeeeeneeeenoete et
3. 2. 2 PBMEZETGEEEN  c--eveverrereoreeter e e
3. 2. 3 BITBEDELEE oo
3.3 ZETLITRED BUBEEZTAL  crvvveeereemrree e oot
3. 3. 1 HHERTEAL  eveeeerereneereee e
3. 3. 2 RIFFHSATDZEAL  cooereeeeemereeer et

4. ﬁ-‘z/ﬂ:,y‘/f %@ﬁ@tﬁ%ﬂ% ..........................................................................................
4.1 @,{b%%ﬁubzi E)-j—/‘,k? 3 w 77\@§ﬂ§2 ............................................................
4. 2 @%%'fb%%%ﬂb:i AF /T3 ‘777\0)’§?¥2 .........................................................
4. 3 ZETGBTRIT BT BAERRTZEAL  crevvrereereeeeemr ettt



5. FBUEMEDIGIE  eeerrverreessmemmmee sttt
5. 1 FBEMEINTIC L2 EOEEA UM B DBIBL oo
5.9 LT AELT I v 2 AT DM —JEIEEERL  coooreerrree e
5.3 ZEAr A TR T I w2 ADEEG  corererrretmre

6. §§é “7%: F’Eﬁ% r ﬁﬂ%@%% ......................................................................................

1
2
KR = S R~ == =S
4

'IXQ'% o i%ﬁ/}% ......................................................................................................

-~ =1 =3



£33

AEEE L, BEMIELEEEEL 1 RB &
URILT A 2R T 01, FRSELA»LF
FRI3EE 3 H £ TITo 7Rl "2 2 3 v 7 2A08M%
MMTBy 2058, OREEZ LD DBDTH 5,

PUCHR B D A8 & (IR - FERFEBER AT L T
72y 7 RAEER L, By AREHROY 7 3
7O Vo gEBEK»S,0.53 7o EORTFRE
£ Uz, RAEZ A R TIE, THROBHIGED & L
HTH—-—RreREL, REWCERL BB IXE
BzkrE Lz, o ReEERIEHML, B
B L UERERGOBRIC LV ERTEEELT S
REFERL, Bohizt T I v 7 ADFHRER,
BBy A FT210F/ XA — by, RIET A ETI0F/
A—INVTholz, FEERECEEEREE LI VS
EETEME FBRIRE) U, REREEE T EGRE
Fric s DEEMICITEL, HEBEXEEOFEVWRERA
THRBUERRER 21T 1.

1y 4 RREMHTHEEL, 1550°CT 7 X1074/#,

=
=

1450°CT® 2 X107/ B OERHRE 2RO EBIFR L
oo ZOMEHE, INTEE TOBBIEET, MLE
EIRREZRE L WEENDH 2, BUEE R OBEIZ1550°C
PAE TR RS, 1550°CUL T ClRBlREINETH
o7, MEHERHBEOMAHEOESZELE, MEH
M EZNCEEFATHEL, MAHOBEIHMNERY
WAERFSER T2 ERHER L2,

RALT 4 BT, BALYAINCHEMERAT, 1750°C
TU/BOKELMTHEESE NIz, 72721, BI5E
DIGHTT TIREIENS L UL EEMEL, *
Yy EFT =y arBRIV/NSRECTHEE L, BE
{EBIEICIER L 1o MR A ERP TR T2 2 kit &
D, &Em170% & K& U ERTHEOBRRICETI L
720

S5, BEEMEOERIBEEY 2R 21T
STeDIELT A FREREL, BENTC X285
MEORIE, EE—REERE, 73y 7 20EE
DWTOHIR®ET:,



ABSTRACT

Present report describes the result of a Special
Research Project, “Investigation on plastic shaping
of ceramics” which was carried out from April 1996
to March 2001 to realize superplastic silicon nitride
and silicon carbide for the production of ceramic
components.

Nanoceramics were fabricated by low tempera-
ture and short time sintering of fine powders. Fine
silicon nitride powder was prepared by eliminating
larger grains than 0.5 micrometer from commercial
submicron S powder. Fine silicon carbide powder
was decarbonized in air and then chemically treat-
ed to clean oxidized surface layers. The liquid
phase sintering with oxide additives was optimized
to densify at low temperature. The average grain
size in silicon nitride and silicon carbide nanocer-
amics was 210 and 110 nm, respectively. Micros-
tructural stability was examined by image analiz-
ing grain size distribution after annealing at higher
temperature than sintering temperature, i.e. static
grain growth. Superplastic deformation was inves-
tigated in fine-grained ceramics with stable micros-
tructures.

Superplastic deformation tests of silicon nitride
was attained the deformation rate of 7x107*/sec at

1550°C and 2x10~4/sec at 1450°C under compression.
The materials have stable microstructure under
deformation and therefore caused no strain harden-
ing. The deformation mechanism was mainly due to
grain boundary diffusion at>1550°C and viscous
flow at< 1550 °C. Grain boundary film thickness
was evaluated by high resolution TEM before and
after the deformation in perpendicular and parallel
directions against pressing direction. The result
indicated that the redistribution of grain boundary
glassy phase significantly contributed to the defor-
mation.

Silicon carbide nanoceramics with oxide addi-
tives showed the maximun deformation rate of
1073/sec at 1750°C under compression. However,
they broke at a small strain because of cavitation
due to low thermodynamic and microstructural
stability. The materials with an oxynitride additive
revealed the highest elongation of 170 9.

Finally, some technical topics which are directly
related to the application of superplastic ceramics,
like fabrication of composite ceramics by super-
plastic deformaton, ductile-brittle transition or
bonding of ceramics, were investigaed in silicon

nitride materials.
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SEM micrograph of in-situ reinforced silicon nitride
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Fig. 22 SEM micrograph of (a) @-Si; N, nanoceramics, and (b)

after annealing at 1800°C for 1 h.
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Fig. 2.3 SEM micrograph of (a) 8-Si;N, nanoceramics, and (b)
after annealing at 1800°C for 1 h with 3 9% nuclei

addition.
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Fig. 2.7

TEM micrograph of silicon nitride nanoceramics.
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Fig. 2.8 SEM micrograph of silicon carbide ceramics (a)
nanoceramics, and (b) after annealing at 1850°C for 4

h with 3% « nuclei addition.

Fig. 2.9

TEM micrograph of silicon carbide nanoceramics.
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EIFRIFE200F / A— P VD § BB 4 BRI 5
EE%D Y,0,k 2 EE%D ALO 2L, 20MPa 0
FESFAY b7V ATIT000CE THEh L, R s
L CREERGEE G, BEEROBRELEEE
NORFROEE LB T 2701, BEO—iE
1700 —1800°CTEULE L TRIR & ¥, 7/ 25
v 7 AB L UBIEZEORE O, MEE T X —5 (F
WEE, 7AR7 MG (RE/EEL)) L ERtE
% Table3. 1ICR T BULE I L 2l FOEZOKER
INS VBRI ENRZ D, R OBEREOmE
HIEEIL 72,
TSR ORI EYINT L, 93 X2.5X 5mm
ORRBRZE-T-, ThE2EERWT T, 1350—
1700°CITE L, —FED 7 a A~y FHE TN 2§
E LT —ERETOEIGS/BEEABET 272012,
7= ORIE#R{To 72 BT (¢) &£ RENI ST (P)
DORIRIE

o= (P/As)exp(e) (3.1)

Table 3.1 Microstructure characteristics and mechanical properties of as-sintered

and annealed silicon nitride ceramics.

Annealing Microstructural Parameters Mechanical Properties
Materials Conditions Diameter Aspect ratio Kic G
(K, min) /um (MPam'?) (MPa)
HPSN 0.18 2.3 2.8+0.20 677119
ANSNI (1973, 30)* 0.19 3.0 3.8+0.15 764+61
ANSN2 (1973, 60)** 0.21 3.4 3.8+0.08 821+£95
ANSN3 (2073, 60)** 0.27 3.6 4.3£0.09 104667

* Treated under 0.1 MPa N,
#* Treated under 1 MPa N,
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Fig. 3.1 Correction of observed stress-strain curve into real one

at 1550 °C under an initial strain rate of 3x10~%/s.
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Fig. 3.2 Compressive stress-strain curves under various rates at

1650°C.
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Fig. 3.3 Log-Log plots of strain rate and flow stress to obtainn

values.



TSy 7 AQWHEMTICEET 2 05T

Ny, ek, 7V —rRBEREROFEEL A LF
¥ L T340—1000K]/mol & K& RO NHMEI T
%, ZHIFEBEER L FARCHEE PR EREDETT
2EEE, HELE 7o ARG 5K & 3 RENT

10-1
6 =100 MPa

102
,’l_\ Q =298+15 kJ/mol
L,
L qost
= 10
S
£
©
= 10-4 L Q = 547 + 22 kJ/mol
9p]

105 . . .

4.5 5.0 55 6.0 6.5
x 104 /T (K)
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Fig. 3.5 TEM micrograph of (a) undeformed sample and (b)

deformed sample at 1600°C to a true strain of -1.1

showing no dynamic grain growth.
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Fig. 3.8 XRD patterns after deformation of annealed ANSN3

Fig. 3.6 Grain size and shape compensated strain rate vs flow

stress which gives a single straight line with n= 1.2

and P= 3.

sample.

S @4
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Fig. 3.7 SEM micrograph from the surface parallel to stress axis, (a) hot-pressed (b)annealed, and compressed sample to a true strain

of (c) -0.55, and (d) -0.95.
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Fig. 3.10 Equilibrium film thickness calculated as a function of

the parameter 7z, at 1600°C under a stress of 33 MPa.
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Fig. 3.11 Observed distribution of grain boundary film thickness

in as-sintered materials.
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Fig. 3.12 Observed distribution of grain boundary film thickness
in superplastically deformed silicon nitride (a) perpen-
dicular to the applied stress and (b) parallel to applied

stress.
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Fig. 3.13 High-resolution TEM micrograph of grain boundary
glass film in superplastically deformed silicon nitride
(a) perpendicular to the applied stress and (b) parallel
to the applied stress.
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Fig. 4.1 True stress-true strain curves of SiC nanoceramics
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Fig. 4.3 True stress-true strain curve at an initial strain rate of

2x107*/s under tension.
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The change of microstructure after deformation by
different strain rate at 1750°C, (a) 2x10*/s, (b) 3.
5x107*/s, and (c) 5x107*/s.
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specimen with YAG addition which shows about 50 9%
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Fig. 5.3 TEM micrograph of deformed material at 1550°C under

1x107*/s to a true strain of -0.40, which shows well

-aligned rod-like Si,N,O grains.
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rial at 1550°C under 1x107%/s to a true strain of -0.40.

Fig. 5.5 TEM micrograph of the deformed material to a true
strain of -0.70, showing anisotropic grain growth of Si,

N,O vertical to the compressive direction.
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Fig. 5.8 Pole figures of the material deformed at 1600°C to a true strain of -0.70, (a) calculated (002) pole figure of the 8-Si;N, grains,
and (b) measured (200) pole figure of the Si,N,O phase.
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Fig. 5.9 SEM micrograph to reveal in-situ growth of Si,N,O grains during deformation at 1600°C, (a) as-sintered, and deformed to a

true strain of (b) -0.50, (c) -0.70, and (d) -0.95.
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Fig. 5.10 Difference in measured fracture toughness in materials deformed at 1600°C.
200 180

N [ x 103 st

A . Brittle T = 1600 °C $ % Brittle .
= 150F ﬁDAD o ‘/90/ o 1500 °C
& A% o IxloWs o 3x104s S 120 g ° o 1550°C
~ gj v 5x104s; X 1x10¥/s ~ OO o 1600 °C
3 100r & o 3x10%s; A 5x10Ys :“ ) & 1700 C
2] &] wl
5] s O L i R RO0000000a0K
& & . B 60 /
Qé 50 Fagss Ductile g Ductile
& = —

0 1 s 1 1 O i 1

i 1 " 1
0.0 02 0.4 0.6 0.8 1.0 1.2

True strain, €

Fig. 5.11 Effect of deformation rate on ductile-brittle transition

at 1600°C.
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