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The sintered high purity polycrystalline alu- 
mina specimens fired in Cr203 at 1675~ for 3h 
showed an increase in average flexural strength at 
elevated temperatures when compared to control 
specimens given the same thermal treatment. 
However, they showed the same proportional 
reduction in strength with temperature as the 
untreated materials. The sharp decrease in strength 
at high temperatures, which may be due to grain- 
boundary sliding, was almost independent of 
thermal and chemical treatment. 
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A TEM investigation of hydrogen-induced 
deformation twinning and associated 
martensitic phases in 304-type stainless 
steel 

Twinning is well known to be one of the basic 
processes available for plastic deformation in 
metals [1]. Previous studies [2-5] have shown 
twinning to be a common deformation mechanism 
for mechanically strained f cc  single-crystal thin 
films. The purpose of this article is to report the 
results of a TEM analysis of twins and associated 
martensitic phases produced by cathodic hydrogen 
charging of polycrystalline austenitic stainless steel 
thin foils, in the absence of any externally applied 
stress. The microstructural characteristics of the 
hydrogen- and strain-induced deformation twins 
will be compared. 

The specimens used in the strain-induced defor. 
mation twin studies [2-5] were produced by 
vacuum evaporation of pure metals onto (0 0 1) 
cleaved alkali halide substrates to give (001)  
oriented thin Calms. Mechanical straining of the 
specimens, at relatively low strain-rates and along 
specific crystal directions in the (0 0 1) thin-film 
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plane, produced deformation twins on the usual 
{ 1 1 1 } - ( 1 1 0 )  f c c  twin systems. The defor- 
mation twinning was found to occur in very 
localized regions within the thin foils. With in- 
creasing deformation, plastic strain occurred pre- 
ferentiaUy within the twinned regions, causing the 
regions to increase in size and local thinning to 
occur. This process eventually resulted in the for- 
mation of cracks within the twinned regions. 

Disc specimens of a fully recrystallized 18-8 
type stainless steel were prepared using a dish 
technique [6] to produce a thinned centre region 
suitable for TEM and supported by a relatively 
thick outside rim. After a TEM examination to 
ensure that no deformation structure has been 
induced during preparation, the specimens were 
cathodically hydrogen charged. Using a 1 N 
sulphuric acid solution at room temperature 
which contained 0.2g1-1 arsenic trioxide to 
inhibit hydrogen recombination at the specimen 
surface, cathodic charging times varied from a few 
seconds to a few minutes with a current density of 
0.2 Acm -2. Chemical analysis of the material used 
in this study is given in Table I. 

Fig. la shows a hydrogen-induced deformation 
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TABLE I Chemical analysis (wt %) 

Fe Cr Ni C Mn Si Cu Mo Co P S 

Bal. 18.34 0.66 0.074 1.30 0.50 0.14 0.13 0.10 0.014 0.009 

twinned (HIDT) region which lies along X - X '  and 
which crosses through a grain containing two 
annealing twins. In region A o f  Fig. l a ,  the speci- 
men foil is fractured with the crack propagating 
along the HIDT region. Trace analysis revealed 
that the zig-zag path o f  the HIDT region allowed 
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Figure 1 (a) TEM bright-field micrograph of a hydrogen-induced deformation twinned region. (b) TEM dark-field 
micrograph of e M 0lcp)  martensite. (c) TEM dark-field micrograph of c~ M Co ec) martensite. (d) Electron diffraction 
pattern from region B of (a). (e) Indexed version of (d). 
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the region to follow {111 }7 planes in both the 
matrix and the annealing twins. The preference of 
HIDT regions to follow particular planes, by 
abruptly changing propagation directions upon 
passing from one grain into another, was a 
common characteristic of all regions studied. Fig. 
1 d and e show experimental and indexed versions, 
respectively, o f  an electron diffraction pattern 
from area B in Fig. 1 a. Diffraction analysis of area 
B revealed two additional phases, e M (hC p) and 

a~  (b c c) martensites, associated with the HIDT 
region contained within the annealing twin. Using 
electron diffraction and stereographic projection 
techniques, the fc C/eM and fc c/a M orientation 
relationships were determined to be: (11 1)7 II 
(0001)eM, [011]'r [! /T2T0] eM and (t 11). r IJ 
(1 1 0)aM, [511] .  r II []-1 0] a M .  These orien- 
tation relationships for hydrogen4nduced eM and 
aM agree with those reported for strain-induced 
eM and aM [7, 8]. Fig. lb and c show dark-field 

Figure 2 (a) TEM bright-field micmgraph of a hydrogen-induced deformation twinned region. (b) Electron diffraction 
pattern from region B of (a). (c) TEM dark-field micrograph of e M martensite. (d) TEM dark-field micrograph of 
hydrogen-induced deformation twins. 
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micrographs of the eM and c~ M phases respectively. 
Fig. 2a is a bright-field micrograph of a HIDT 

region which formed along a {1 1 1 }7 plane parallel 
to the annealing twin boundary A-A' .  The bands 
in the HIDT region and parallel to A-A'  are the 
deformation twins and the fine, closely spaced line 
structures crossing the banded regions are eM. As 
was common for well developed HIDT regions, a 
crack was observed along the general direction of 
the deformation twins. Fig. 2b is an electron dif- 
fraction pattern from area B of Fig. 2a. From 
interplanar spacings [9] obtained from the radii of 
circles drawn through the various groups of dif- 
fraction spots in Fig. 2b, both deformation twins 
and eM are present in the HIDT region. The eM 
visible in the dark-field micrograph of Fig. 2c again 
consists of a fine, closely spaced line structure. 
Fig. 2d is a dark-field micrograph which shows 
some of the deformation twinned regions. 

Since the microstructure and the deformation- 
fracture process of  the HIDT regions are similar to 
those of the strain-induced deformation twinned 
regions [2-5]  and since HIDT was not found in 
bulk TEM specimens thinned finally after cathodic 
charging, HIDT appears to be a thin-foil phenom- 
ena. However, in addition to the unique presence 
of the associated hydrogen-induced martensitic 
phases, the HIDT regions were usually composed 
of several individual deformation twins ranging 

from 250 to 500 A in width. This contrasts with 
the strain-induced deformation twin regions which 
were apparently composed of a single wide twin. 
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Growth of oxide in situ composites: the 
systems fithium ferrite-lithium niobate, 
lithium ferrite-lithium tantalate, and 
nickel ferrite-barium titanate 

The general utility of capillary shaping techniques 
were recently evaluated [1-4]  for growing cer- 
amic in situ composites [4] to be used in non- 
structural applications. During these studies we 
identified three new oxide-phase systems for which 
directional freezing produces well-aligned com- 
posite microstructures: lithium ferrite-lithium 
niobate, lithium ferrite--lithium tantalate, and 
nickel ferrite-barium titanate. The melting 
relations for these systems and the morphological 
characteristics of the directionally frozen com- 
posites are reported here. 
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Often the phase relations for attractive ternary 
and higher order oxide systems are too fragmen- 
tary or imprecisely known to select melt com- 
positions for composite growth. Therefore, we 
melted and cast representative compositions from 
candidate systems and searched the specimen 
microstructures for morphologically uncompli- 
cated two-phase aggregates. Three systems, Lio.s 
Fe2.s 04-LiNbOa,  Lio.s F%.s 04 -LiTaO3, and Ni 
F%O4-BaTiOa, yielded promising microstruc- 
tures; for these systems partial phase diagrams 
were constructed from cooling curves, X-ray 
diffraction and microstructural data. 

The cooling curves were developed by moni- 
toring the output of a Pt/Pt-6% Rh thermocouple 
immersed in 40 g charges of each oxide melt. The 
temperature was cycled several times through the 
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