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Observation of Stress Induced Phase Transformation 

in Y203-PSZ by Raman Microprobe 

Seishi KUDO, Jiro MIZUNO and I-Iideo HASEGAWA 

Toyota Central Res. & Dev. Labs., Inc. 
Nagakute, Aichi-gun, Aichi 480-1] ] 

The distribution of monoclinic phase in YzOj-PSZ, induced by the stress field around Vicker's indents, was examined by us- 
ing a new system of Raman microprobe. This system is equipped with a step scanning X- Y stage and a multichannel detector 
and was used to obtain the monoclinic distribution, i. e. the 2-dimensumal map of a monoclinic fraction. The results obtained 
for the PSZ's with 2 and 3 tool ~, Y~Q, gY-PSZ and 3Y-PSZ, are described as follows : ( 1 ) The monaclinic fraction at 
the center of indents, w&,re large plastic deformation has occurred, is smaller than that around tile edges of each indent. ( 2 ) 
The size of the transformed zone and the monoclinic fraction of 2Y-PSZ around indents w ,  re found to be greater than those 
of 3Y-PSZ. ( 3 ) The size of the transformed zone and the monoclinic fraction reach a maximum respectively around 
200"C, at which thermal degradation occurs greatly. [ Received February lT, 1986] 

Characterization of Microstructure of A1203-ZrO2 Composite 

by Raman Spectroscopy 

Tadahisa ARAHORI, Nobuya IWAMOTO* and Norimasa UMESAKI* 

Central Research Laboratories, Sumitomo Metal Industries, Ltd. 
1-3, Nishinagasu-Hondori, Amagasaki-shi 660 

* Welding Research Institute, Osaka University 

Partially stabilized zirconia is a desirable materml as high toughness ceramics. On the other hand~ Al#O~-ZrO~ composite is 
also a desirable mater:al for engineering ceramics because of chemical stability, high hardness, high wear resistance and high 
toughness. Some properties of AI~O~- Z r Q  composites such as critical grain size for tetragonal ZrO s and mechanical behabiar 
have been reported, but studies on the transformation behavior are scarce. 

In the present research, the microstructare and transformation behavior of zirconia in AIjO~-ZrO~ armposi~ were stu- 
died. Specimens containing 5 to 16 vol % ZrOj were hot-pressed and analyzed mainly by laser Raman spectroscopy and mic- 
rostructure was obserr.~d by SEAl. 

The transformation t~f zirconia in Vichers-indented areas was more pronounced near the edge (stress concentrated area) 
than the center area. On the fracture surfiwe aJter the bending test, the transformation proceeded in the tensile stress area, 
i. e. , the fracture origin. Therefore, it was thought that the stress-induced transformation is closely related to tensile stress. 

[Received Feb~ary l,t, 1986] 

A Study of High Temperature Behavior and Microstructures of Al2Os-ZrOz 

Composites with a 3MV High Voltage Electron Microscope 

Masao KOMATSU, Hiroshi FUJITA and Shirou TAKENO* 

Research Center for Ultra-High Voltage Electron Microscopy, Osaka University\ 
Yamada-oka, Suita-shi 565 

*Graduate School, Osaka University 

AI~O~-ZrQ composites have been extensively investigated with a 8 M V electron microscope on the effect of oxide additives 
such as ZrOt, MgO and Y~O~ on microstructures and determination of the .most suitable heat treatment conditions to increase 
the toughness. The results obtained are : (1) MgO and ZrO z additive pou~,rs generally suppress the growth of AljOs 
grains, (2) voids are almost completely eliminated by Z r Q  addition due to not only enhancement of sintering around very 
fine ZrO: powders but also good affinity between AI~O, and ZrO:, (3) grain sizes of both AlzOj and ZrO, in AlzO:-ZrO, 
composites are not affected with a small amount of MgO, (4) ZrO, in Alto s + Z r Q  composites is monoclinic at room 
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temperature, but ZrO, in AljOj + YT'Z( Yttria Toughened Zirconia) composites is tetrngonal in general, (5) grain sizes of 
both AI, Os and Z r Q  in AI, Q + YTZ composites are not sensitive to the addition of a small amount of MgO. Furthermore, 
in the present experiment, using a very-high temperature stage, annealing and mechanical phenomena of AlzO,- ZrO, compo 
sites have been studied up to 2300 K by in situ experiments with a 3 MV electron microscope. [Received February13,1986] 

Strengthening of Alumina 

Tetsuo UCHIYAMA, Koichi NIIHARA and Toshio HIRAI 

Riken Corporation 
810, Kumagaya, Kumagaya-shi 360 

* The National Defense Academy 
** The Research Institute lot Iron, Steel and Other Metal, Tohoku University 

Relatively large AljOa disc particles (16 ,um, 41 ,am) with high aspect ratios (5-20) were incorporated into a fine.grain 
AljOj matrix ( - 1  urn) in order to improve the mechanical properties of sintered AI~O~. The flexural strength depends on 
the disc size and the microstructure of composites. For a composite containing5 vol~g 16 ,am AlzQ disc particles, the max- 
imum fie.rural strength was604 MPa, 28. 5 ~, larger than that without disc particles. [Received February 15. 1986] 

Microstructures and Mechanical Properties of TiOz-Added Alumina Ceramics 

Chii-Shyang HWANG, Zenbe-e NAKAGAWA and Kenya HAMANO 

Research Laboratory of Engineering Materials, Tokyo Institute of Technology 
4259, Nagatsuta, Midorl-ku, Yokohama-shi 227 / 

The microstructure and bending strength of alumina ceramics containing 0-16 wt% TIC), fired from 1400 ° to 17000C 
were investigated. The addition of TiOj markedly promoted the sintering of alumina at comparatively low temperatures in 
air. The addition of TiOj within the solid solubility limit of TiOa (0. 27 wt% ) also promoted the grain growth of a.AlaOj 
at 1600*-1700"C. An excess amount of TiO, over the solid solubility limit reacted with alumina to form aluminum titanate 
above 1500"C and dispersed in alumina ceramics. Al, TiOs as a second phase prevented the grain growth of a.Al~Os, and 
the grain size of n.Al~O~ decreased with increasing amount of TiO~. The bending strength of specimens fired at lower 
temperatures increased with increasing amount of ThOr, i. e. , with an increase in fired density. In the specimens fired above 
1500"C, the bending strength was lowest for O. 2 wt% TiOa addition and increased with further increase in the amount of 
TiO,, i. e. , with a decrease in grain size of a.Al~Q, but the specimens containing a large amount of AI~ TiOs had relatively 
low bending strengths. In the specimens containing AleTiOj, some strain appeared in both a-AlsOs and AltTiQ grains due 
to the dzfference in their thermal expansion coefficients. [Rece~ved February 18, 1986] 

Microstructuro and Mechanical Properties of Alffi03-SiC Composites 

Atsushi NAKAHIRA, Koichi NIIHARA* and Toshio HIRAI 

The Research Institute for Iron, Steel and Other Metals, Tokoku University\ 
2-I-I, Katahira, Sendai.shi 980 

* Physics Department, National Academy Defense 

The effects of SiC dispersiona with average particle ~.es of 2 and 8 lam on the microstructare and mechanical properties 
were investigated for AlxOa-SiC composites, which were fabricated at 1500 ° to 1800°C for I h under the applied pressure 27 
MN/m'. ~te sintering temperature i ~  with inoreasmg the SiC content. However, the grain growth of AI, O, was re- 
marlmbly inhibited by incorporating SiC particles, especiaUy those of 2 urn. The Vichers hardness of composites increased 

increasing tho SiC content. The maxu~um tougknass and streng~, 4. 5 MN/nf / :  and 490 MN/m*, were obssrved for 
the composite containing 10 mol~ 2l~m SiC prepared at 1600"C, approximately 40~ higher than those, with AI, O: only. 

~ may be attribiaed to the increase in tonglmess by crack deflation and[or microcraching caused by the SiC dis. 
~,rsion~. [Received February gO, 1986] 


