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A transmission electron microscopy (TEM) study was performed on
PhiZr,Til03 compositions within the RE3m - Ric phase region. The low
temperature phase is owing to a displacive phase transition involving
oxygen octahedral tilis. The associated superlattice reflections as a result
of the tilt are detectable by electron diffraction. Dark Field diffraction
contrast imaging of the superlattice reflections reveals antiphase.
houndaries (APB) associated with the octahedral tilt domains, Interaction
hetween the octahedrsl tilt antiphase boundaries and the ferroelectric
domain structures of the R3c phase is studied and discusszed.

1 - Introduction

The perovskite solid-solution between end-
member PbTiOz and PbZrOg is the basis of
important technological ceramics used ip the
piezoeleckric, pyroelectric and electro-optic
devices.!? The phase diagram of PbTiO3-PhidrOa
is illustrated in Figure 1. The phase diagram
containg & variety of regions of displacive phase
tranaitions and there are antiferroelectric and
several ferrpelectric phases ipn Lhe low
temperature regime, Compositions between Zr/Ti
ratios 90/10 and 65/35 reveals a ferroelectric —
ferrozlectric transition between rhombohedral
space groups R3m —+ Rie. This transition in-
volves the oxygen octahedra tilt about the <111>
directions.® The aim of this investigation is lo
study the inter-relationship belween octahedral
tilt domain structures and the high temperature
ferroelectric domain structures. There have been
virtually no studies regarding the domain slruc-
tures of octahedral tilt systems ino perovskites.®
The transmission electron microscope offers an
attractive means to study this subtle phenomena
owing to electron scattering factors for oxygen
being much larger than the corresponding x-ray
scattering factors. The diffraction contrast
jmaging also allows a direct means to study the
domain states and their interactions with the
ceramic microstructure.®

2 - Experimental

Ceramic samples of Ph{Zr, T3 were prepared
using the conventional solid-state sintering tech-
niques. The starting raw material powders , PhO,
ZrOgp, and TiOg, were of analytical grade quality.
Two compositions were made for this atudy
PhiZrg.9.Tip 1103 and PbiZrgesTio 3503 These
compositions were batehed according to the aboi-
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chiometric ratios and taking into account the loss
of ignitions. The raw powders were ball milled
with ethanol selvent for 48 hours for complete
mixing. Perovskite phases were fully formed after
calcining for four hours at g00°C, az determined
by X-ray diffraction studies. The calcined powder
was ball milled for 24 hours. Binder and 1 wit%
excess Ph0O was added to 80 mesh sieved powders,
Green pellets with 60% theoretical denaity were
formed using uniaxial pressure followed by binder
burnout at 550°C for 1 hour. Sintering was under-
taken at 1250°C for 2 hours Lo form pellets with 81-
94% theoretical density and with legs than 1%
weight loss,

TEM samples were made by grinding and pol-
ishing ceramics to a thickness = 60 pm. These

so0 =
50—
400
280 |-

30

_n -
q
250 .f.’{

200 11 Frinty

|
e & [ \_

100 B ."’ ki
- il}fl me\‘ \I |

fat el
S e

Temperatume {%C)

1 } A
PbZr(y 12 20 30 ag B0 &0 fo 82 8 PhTily

Hole % PbTiOs

Fig. 1. The PbZrOg and PbTi03 phase diagram
[Jaffe, Cook, Jafle (1971}
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sectiona were mounted on 3 mm COPPeT grids us-
ing Devecon 5-minute epoxy. lon beam thinning )
was performed al 10° with argon jon beams aceel- o

erated to 4 KV and a beam currenl = 1 mA, TEM " : :
observations were made using a Philips 420 STEM
at 100 KV, A Gatan higuid nitrogen Lwo-tilt stage
was used to make in situ TEM observations be-

tween BOPC to -180°C. ——=

3 - Results

Figures 2(a) and {b) show the [110] zone axis
dilfraction patterns revealing {h+ 172, k+1/2, 1+ 1/3)
pseudo cubic superlattice reflections in
PbiZrp9,.Tig 1003 and PbiZrp g5 Tio 35103 respec-
tively. It is found that by heating the
PhiZra g5Tip 45003 sample to 80°C the superiattice
reflections disappear, figure 2ic), and conversely
cooling to lower temperatures with the Latan
Liguid oitrogen stage the intensity of the diffrac-

Fig 3  Schematic representation of the nxygen
octahedral-tilting in R3c phase.

Lion gpota increases, This suggests that these re-

chooy flections are, therefore, associated with o dis-

I : placive phase transition in the material. The

4 - lh+1/2, k+1/2, 1+1/2) diffractions are consistent

b2 kel bk with the neutron diffraction study performed by
L]

»

Fig. 4. (a) Dark field image of octahedral-tili

Fig. 2. [110] Zone axis diffraction patterns (a) superlattice reflection revealing anliphase
PbtZrg 9, Tip 1103, (b) PbiZrg 65Tio 35103, both at houndaries (APB) (b) multiple bright field
room temperature, and (¢} PhiZrp gsTip 35)03 at image of same area revealing typical 180

BO~C, domain wall contrast,
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Glazer? Glazer predicted the origin of this super-
lattice to he oxvgen octahedral tilts within the
simple perovskite slructure. The oxygen octahe-
dral shifts with equal components about the
pseudo-cubic perovskite axig ag to give an effective
clockwise and anticlockwise rotation of oxygen
octahedra aboul the <111s directions parallel to
the ferroclectric dipole displacements of the R3m
phase, Figure 4,

Figure 4iat shows the dark field diffraction con-
trast image associated wilh the superlattice reflec-
tion in a PhiZrp 9,Tip 1103 subgrain. A dark rib-
ben-like boundary is observed under these imap-
ing conditiors, and this iz bhelieved to he a wall
separating out-of-phase octahedral tilt variaots,
Figure 4(b) shows the same subgrain imaged
under a multiple beam bright feld spatial pertur-
hation belween Lhe 1807 ferroclectric domain walls
and the octahedral antiphase boundaries.

Figure 5(al showsa a bright field image which
reveals ferroelectric twin structures and inversion
180° ferroelectric demains in a rhomhbohedral ler-
voelectries.” Figure 5(b) shows the ssme crystal-
lite imaged in dark field with a superlattice reflec-
tion. The antiphase boundary contrast 15 again
chaerved and shows a strong interaction with the
twin boundaries, generally was found antiphase
boundariez are terminated en the lwin bound-
aries, grain boundaries, or alternatively contained
within the closed loops, The antiphase boundaries
in the PbiZr Ti}03 ceramics predominantly termi-
nates on either twin boundaries or grain bound-
ariga, Hegion X in Figure 5(hi shows an example
of the antiphase boundary terminating al a [110)
lwin domain region and ¥ shows an antiphase
boundary coincident with a {001) domain wall.

4 - Digcussion

From the above results we can infer that the
R3m ferroelectric phase has only twin and inver-
sion domains. Twin domainsg being 109° or 71°
type and twin on habit planes [110] awmd [100],
regpeclively. These observations are consistent
with earlier observations on modified rhombohe-
dral PhiZr,Til03 ceramics.® The octahedral tilt
transition iz driven by a rone houndary =zoft mode
resulting in the doubling of the unit cell. This
iransition givea rise to two additional variants
which are separate from each other with an-
tiphase boundaries. The antiphase boundaries
are slightly perturbed by 1807 domain walls and
are strongly perturbed by the twin boundaries. In
some incidents we noted that the antiphase
boundaries were joined with the walls in which
case it may imply that a coupling between the
gradients of the tilt and the polanzalion may be
present,
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Fig. 5. 1a) Dark field image of ferroelectrie
domain  walls: (b) Dark field image of
supperlattice reflection revealing inleraction of
AFPBs with twin domain walls,
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