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The present work involves the observation of phase trans-
formation in Y,Os-containing tetragonal ZrO, polycrystals
(Y-TZP) using electron microscopy. The observations indi-
cate that the martensitic phase transformation wvsusally starts
from grain boundaries. Transformation was also observed at
the tip of a microcrack and its adjacent region. Our observa-
tions also indicate that the tetragonal ZrO, grains do not all
transform at the same time at the fracture surfaces.

L

TUDIES of transformation-toughened ceramics, such as ZrO,-

toughened Al,O,' and partially stabilized ZrO, (PSZ),> have
received widespread attention in the last decade. 1t is still necessary
to understand the mode and process of phase transformation and its
effects on toughening. Earlier Bansal and Heuer* studied the mecha-
nism of phase transformation in ZrO, and the crystallographic
orientation relationship between the tetragonal and monoclinic
phases. Heuer ef al.® have shown the importance of nucleation in
the transformation, and Ma and Riihle® have observed some new
phenomena in the phase transformation of ZrO,, for instance,
nucleation of the transformation at grain boundaries in Y-TZP.
They also observed that some smaller grains start to undergo trans-
formation before larger ones. Other relevant recent work can be
found in Refs. 7 to 9. This work represents some of our observa-
tions on the phase transformation in 3 mol% Y-TZP using trans-
mission electron microscopy. We have confirmed that the phase
transformation usually starts from grain boundaries, and have ob-
served the transformation of ZrO, grains in front of a microcrack
and its adjacent areas. We also observe that +-ZrO, grains at the
fracture surface do not all transform at the same time, probably
because of the different environments of each grain.

Introduction

II. Results and Discussion

The samples for this research were prepared from hot-pressed
samples. The specimens for TEM observation were obtained by the
usual process of thinning the bulk material first and then annealing
at 1200°C. The transformation process was observed through elec-
tron beam interaction with the specimen.

Figure 1 presents electron micrographs before (A) and after (B)
the specimen was strongly irradiated with a 200-keV electron
beam, showing that the in situ tetragonal-to-monoclinic (¢t — m)
phase transformation usually starts from grain boundaries, which
can be regions of higher stress due to thermal expansion and/or
elastic anistropy. Initiation at this location is thus to be expected
from both the nucleation and the stress relaxation points of view.

Figure 2 shows a region containing a preexisting microcrack
before (A) and after (B) electron beam irradiation, showing trans-
formation at the tip of a microcrack and its adjacent areas, which
is another type of stress concentration. We observed that the micro-
crack did not propagate but slightly widened instead; this may
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suggest that the relaxation of the stress field of the microcrack
makes it more resistant to extension under stress while the phase
transformation around the tip of a microcrack does not lead to crack
growth and weakening of the material. The transformation is also
observed to occur a little removed from a microcrack (arrow in
Fig. 2(B)). At the front of the microcrack tip, the phase trans-
formation could relax the stress concentration, thus preventing
microcrack extension.

In Fig. 3, we have observed the phase transformation of +-ZrQ.
at one side of a crack while the other side has only just started to
transform, suggesting that there were different stress levels be-
tween the two sides of the microcrack.

Figure 4 shows three grains marked A, B, and C. The diffraction
pattern of grain A shows the tetragonal phase oriented to a [013],
zone axis while that of grain B shows the tetragonal phase along
[111],. These three tetragonal grains with similar sizes showed
different results after being irradiated with a 200-keV electron
beam for 3 h; grain A showed the most obvious transformation
(Fig. 5). The final micrograph (Fig. 6) is a lattice image show-
ing the interface between ¢- and m-ZrQ, in a partially transformed
grain with a contact plane (100)//(100),.. These preliminary studies
show the advantages of studying the ¢ — m transformation in
Zr0, using in situ experiments.
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Fig. 1. Electron micrographs of Y-TZP before (A) and after (B) electron
beam radiation with high dosage showing ¢t — m phase transformation.
Two monoclinic grains (arrow to / and 2) appeared during the process.
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Fig. 2. Electron micrographs of the same microcrack before (A) and
after (B) electron beam radiation with high dosage showing that there
are ¢t — m phase transformations at and around the tip point of the
microcrack (Z, 2, and 3 monoclinic grains appeared). There are also
phase transformation which occurred far from the microcrack. After all
these changes the microcrack is widened.
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Fig. 3. Electron micrograph showing phase transformation occurred first

on one side of the crack indicating probably different stress levels on the
two sides of the crack.

Fig. 4. Electron micrograph of Y-TZP showing three tetragonal grains,
A, B, and C, and the diffraction patterns of grain A with {013}, of ¢-phase
and [111], of t-phase of grain B.

Fig. 5. Electron micrographs of the grain A in Fig. 4 after electron
beam radiation for 3 h indicates the transformation occurrence as shown
with arrow.
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Fig. 6. High-resolution electron micrograph showing contact plane be-
tween tetragonal phase and monoclinic phase.

Vol. 69, No. 7

References

IN. Claussen, “Fracture Toughness of Al,O; with an Unstabilized ZrO, Dispersed
Phase,” J. Am. Ceram. Soc., 59 [1-2] 49-5] (1976).

2R.C. Garvie, R.H.J. Hannink, and R.T. Pascoe, “Ceramic Steel?,” Nature
(London), 258, 703-704 (1975).

3D. L. Porter and A.H. Heuer, “Microstructural Development in MgO-Partially
Stabilized Zirconia (Mg-PSZ),” J. Am. Ceram. Soc., 62 [5-6] 298-305 (1979).

4G. Bansal and A.H. Heuer, “On a Martensitic Phase Transformation in
Zirconia (Zr0,), 1,” Acta Metall., 20 [11] 1281-89 (1972); “IL,” ibid., 22 [4] 409-17
(1974).

5A.H. Heuer, N. Claussen, W. M. Kriven, and M. Riihle, “Stability of Tetragonal
210, Particles in Ceramic Matrices,” J. Am. Ceram. Soc., 65 {12] 642-50 (1982).

SL.T. Ma and M. Riihle; private communication.

7C. A. Andersson, J. Greggi, Jr., and T. K. Gupta, “Diffusionless Transformations
in Zirconia Alloys”; pp. 78—-85 in Advances in Ceramics, Vol. 12, Science and
Technology of Zirconia II. Edited by N. Claussen, M. Riihle, and A.H. Heuer.
American Ceramic Society, Columbus, OH, 1984.

#M. Riihle and A. H. Heuer, “‘Phase Transformations in ZrO,-Containing Ceramics:
11, The Martensitic Reaction in t-ZrO,"; pp. 14-32 in Advances in Ceramics, Vol. 12,
Science and Technology of Zirconia I1. Edited by N. Claussen, M. Riihle, and A. H.
Heuer. American Ceramic Society, Columbus, OH, 1984.

M. Riihle, N. Claussen, and A.H. Heuer, “Microstructural Studies of Y,0-
Containing Tetragonal ZrO, Polycrystals (Y-TZP)”; pp. 352-70 in Advances in
Ceramics, Vol. 12, Science and Technology of Zirconia II. Edited by N. Claussen,
M. Riihle, and A. H. Heuer. American Ceramic Society, Columbus, OH, 1984. O



