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Martensitic Transformation and Internal Structure of the
TiPd and TiPd-Fe Alloys
Kazuyuki ENAMI, Hiroshi SEKI and Soji NENNO
Synopsis :

The crystal structures, internal structure and shape memory effect of the TiPd and TiPd-Fe martensitic
alloys were investigated by electron microscopy and tensile testing. The B19(2H) martensite which was
found in the earlier X-ray investigation was found to exist in both the TiPd alloy and the TiPd-Fe alloys.
The internal structure of this martensite was found to be (111),y twin. By substituting palladium by iron
(the content of titanium is fixed at 54 at%,), the M temperature decreases with increasing iron content.
In the iron added alloys with 4, 5 and 6 at%,Fe, a new martensite phase with 9R structure was found to
exist in addition to the twinned B19(2H) martensite. In the alloys with 7 and 8 at%Fe, an ‘“‘intermediate
phase” which is very similar to the “incommensurate phase’ in TiNi alloys was found to exist. Addi-
tional “superlattice” diffraction spots of this phase lie on 0.32{110} 5, (7at%Fe), and 0.282{110}, (8 at%-
Fe), (n: integer). The shape memory effect and pseudoelastic behaviour of the polycrystalline specimens
of the 54Ti-39Pd-7Fe and 54Ti-38Pd-8Fe alloys were investigated by tensile testing. Recoverable strain
by shape memory effect was about 19, (percentage of recovery 100%) and pseudoelastic strain 3%, in

both the alloys.
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Table 1. Chemical compositions (nominal at%),
structure of phases and M temperature of alloys.

Alloy¥ Ti Pd Fe Phase (at r. t.) Ms (°C)
B-0 50 50 — 2H (B19) 5104
A-4 54 42 4 2H and 9R 228
A-5 54 41 5 as above 171
A6 54 40 6 as above 119
A-7 54 39 7 2H and L. C.* 55
A-8 54 38 8 I.C. 10

*L C.: Incommensurate Phase
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o MEEOT UREEOBRE L ¥, v — AN
b (111) g WIEFETTHBZ EHBEL 2. ko
ik, (a)RRELIRDAMERE, (1), Ha W
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Photo, 1. Transmission electron micrograph (TEM)
of the 50Ti-50Pd martensite. (a) Electron micro-
graph. Parallel bands are found to be (111),y in-
ternal twins. (b) Selected area diffraction (SAD)
pattern of the central region of (a). Diffraction

spots can be indexed as those of (111),y twinning
pattern of [011],; zone. (c) Dark~field image
using arrowed spot in (b). All photographs were
taken at room temperature, hereafter.
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Table 2. Twinning elements of 50Ti-50Pd 2H
martensite,

K,= (111), K.,= (0.356, 0.678, 1)
7,=[0.329, 1, 0.671} , n,=[121]
s=0. 361
Lattice constants*:a=0, 489, b =0.281, ¢=0.456 nm?
* Here, the lattice constants for 2H notation are adopted.
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Photo. 2. TEM of the 54Ti-41Pd-5Fe (nominal

at%) alloy. The region H is found to be the twi-

nned B19 (2H) martensite, and the region R 9R
martensite. (b) SAD pattern taken from the re-
gion H, consists of (111),y twinning pattern of

[112],5 zone. (c) SAD pattern taken from the

region R. Diffraction spots can be indexed as

those of the 9R structure, [110],z zone.
4, A-6 T3 2H ML & dic OR MR R SR

(2) “Incommensurate Phase”

Fe ofRmEss Taty Dl hicin? &, Mg U EREM
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to. 3 |3 54Ti-39Pd-7Fe £4& (&4 A-7) OBETFHH
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Photo. 3. TEM of the “intermediate phase” of the 54Ti-39Pd-7Fe alloy. (a) Internal
structure consists of wide bands of the “variant” crystals of “intermediate phase”.
Inside these bands fine “mottled structure” is seen. (b) SAD pattern of (a). Here,
strong diffraction spots are indexed as those of the mother B2 lattice for convenience,
although a slight distortion of the crystal lattice of the mother phase is observed.
Note additional “superlattice” reflections on the lines of [110] and [110]p, directions.
The positions of these additional spots are found to be about 0.3n{110} (n: integer)
and {110} £0.3n{110}. (c) Dark-field image of the region A using the arrowed spot
in (d). (d) SAD pattern taken from the region A. (e) Dark-field image of the re-
gion B using the arrowed spot in (f). (f) SAD pattern taken from the region B.
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54T1-39Pd-7Fe
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Fig. 1. Stress-strain curves at each testmg temperature of the alloys 54T1-39Pd-7Fe

(2) and 54Ti-38Pd-8Fe (b).
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Photo. 4. TEM of the 54Ti-39Pd-7Fe alloy. (a) Electron micrograph. (b) SAD pattern of
(a). Additional “superlattice” reflection lie on the two of three (110)g, directions of [111]p,
zone. Note the splitting of diffraction spots at 022, 112, 101 etc. This implies that the di-
stortion of the B2 lattice has occurred at this stage of transformation.

Photo. 5. (a) SAD pattern of the “intermediate phase” of the 54Ti-39Pd-7Ti alloy. [001]g,
zone. (b) SAD pattern of the 9R martensite of the 54Ti-41Pd-5Fe alloy. [010]4g zone.
Both can be interpreted as the patterns from two variant crystals with the same zone axis with

respect to the mother B2 lattice ([001]g,).
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