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California. The views and opinions of authors expressed herein do not necessarily state or
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' ON THE MECHANISM OF THE SHAPE MEMORY EFFECT IN Ni-Ti ALLOY
‘H. A. Mohamed and J. Washburn .-
Department.of'Meterials Science and Engineering, College of Engineering
and Materials and Molecular Research Division of Lawrence Berkeley
Laboratory, University of California, Berkeley; 'California 94720
Several alloys have been known: to exhibit a“mechaﬁiCal shape. memory
effect: assoc1ated with a thermoelastic martensitlc type phase transforma-

| tion(1 6) of particular.1nterest is the alloy N1T1'near the equiatomic
composition.: “ “

The pur?ose ef"this paper. is to present experimentalxresulﬁs on ‘the
deformation modeé<in:Eﬁe‘eerlyastagee'of 55. 4wt N (5053'at2) alloy in
a partialiy transformed ‘state. Wires from this same batch of material
have been¥putfthrough more than 107-cyc1es bfvshape recovery in ‘a new

type of heat engine( ).

i’Spécimens in the form of sheets'(0;037 inch thick) were encapsulated
in'quartz'tubes (.«-10—6 torr in argon atmosphere), solution treated at
1000°C for 24 hours’ and then quenched in ice water. Chemical analysis -
ﬁw&éfdodeVéfter SUCh’EreetmentNand’showedUthe oxygen content to be ~350 ﬁpm
and the nitrogen“cbnrenrr<10'ppm.ﬁiui“ﬁ

The init1a1 M temperature as’ determlned from the peak of the
electrical resist1v1ty vs. temperature dlagram( ) was found to be ~55°C.

- Transmission“electron mlcroscopy~and-dlffractlon showed the marten-
site to be internally twinned as-reported- for 51milar alloys by some other
'1nvest1gators(9 10). Fig. (la)‘shows a bright-field image of" a"tw1nned
mattensitejplate'obserVed=at room temperature.* The same area-was reob-
served under the Same diffraction conditions“after the foil had been -
slightly seht‘bﬁtSide the microscope at room temperatﬁre»as shown: in

Fig. (1b). The image of (b) was printed such that it was the mirror
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image of'(ai ahd.then both images were.cut along the same line. It can
be seen by'compafingvthe two imégés that one of the two sets of twin-
related domains has grown at the expense of the other. It should be
pOinFed out thét because of thévfine écale this deformation mode cannot

be observed ih tﬁe optical mitroscqpevas in the casé of Cu—Al—Ni(ll),

Au—Cd(;Z)'and In—Ti(13) a11oy§¢‘ Fig. (2) shows a éequencebof light
optiéél microgféphs‘pf the surface Qf.avtéhsilé;éﬁécimen, iniﬁially
'pbiished; un%etéﬁedfand thgn déformed invtension'ét,foom,temperatgfe

with a célibrated smal1 tensile devicé whil¢ under‘oBsérvation.v”The
parallel banéé'which Caﬁ_be séén‘to-de§e16p with progressive sﬁfaining_
Qithin the rééoVerable.réhgé (<62 eldngétibn-at‘rOOh tgmpefature) afé
believed to ;riééifroﬁ_éfféss-induced growth pf“fa§qrébiy oriented
-;arten;ite plates as would be gxieéted;' Néﬁice aléo>that‘no new bands
have deVeloﬁed witﬁ progreséiye:stfaihing;' Fig. <3j.sh0ws an opticai
ﬁicrogréph.of.ahp;her‘area after 47 elongation at rodm temperéture. .Note
that thé grain Bdunda;ies have beép revealed. These fesults suggest
that,:in-a pér;iélly”ffansfbrmed mafe:ial, deformatiqn in,the‘eafly stages
occu;s-by at léaét‘two1moées (i)‘sé;ess-iﬁduCed twiq“bduﬁdary'ﬁigrat;on
withiﬁrthe.marteﬁéite'and (ii) é;fessfindgged growﬁh-of‘the most favorably
orientéd'existing martensité plates-in eéch grain. It'woﬁldvbe_expécféd
thgf tﬁé stfain associated.with Ehese.twp modes would be reversed when
thé.marteﬁsite>réverts to the_highbtemperature phése,éince Soth modes are
associ@fedrwich:the'transfofmatién._ Further; it was observed thaﬁ if a |
virgin spéqimen'(not cycled) was bent af room temperétgre aﬁd then cooled
,furthérivitlcbntinued to’bénd spontaneousl& in the same'direction as

illustrated'écﬁematically in Fig. (4). Heating the specimen to above
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~62°C thenvcaused the specimen to completely recover-its original shape.
Further cooliné in.the absence.of the initialtbending did not cause any"

macroscopic shape change.: This behaviour is d1fferent from the revers1ble

or two-way- shape memory effect(14 15 16, 17 18?, which seemsito require’

the recoverable strain 1imit.(~6Z'elongationf1n the_present_case)utq_x

' be exceede‘:l(15 16 »17)

@)

, Or several hundred transformatlon-deformation
cycles |
The spontaneous strain observed in the present case is believed to
be related to the above deformation modes - in the following way Since_
.further cooling .causes the martensite plates to: grow, after bendlng
those sets which have been already preferentially developed by the initlal
bending would make the major contribution to the new thermally" transformed
volume. This would contribute to the observed macroscoplc:straln.. Also
fnrther growth_of’martensite plates ln.which one set of twins had been
widened at the.exbense of the other set_by the.initial_strain wouldicon# '
trlbute to additional2macroscopiofstrain.?'These prooesses.are,illustrated
yvséhematioally}in'Flgjﬁ(s).“ It@isfsuggestedbthat the.snm of these two
strains is the eanse’of thevobserved spontaneous straln. -
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FIGURE CAPTIONS

Fig. (1) Bright-field transmission electron micrographs showing the
effect of external deformation on the widths of the twin-related
domains in a martensite plate. (a) Undeformed (b) after bending
at room temperature.

Fig. (2) Light optical micrographs showing surface relief effects
agssociated with stress-induced growth of favorably oriented
martensité plates. (a) IZ; (b) 2%, (c) 3% elongation at room
temperature.

Fig. (3) Light optical micrographs of a specimen given.dz elongation at
room temperéture showing surface-relief effects and grain boundaries
of the parent phase.

Fig. (4) Schematic illustration showing the spontaneous bending observed
during further cooling of a specimen bent slightly at room tempera-
ture. (a) original shape and shape after bending at room temperature
(b) and (c) change in shape which occurs with progressive cooling.

Fig. (5) Schematic interpretation of the effect illustrated in Fig. (4).
(a) favorably and unfavorably oriented martensite plates before
(dashed lines) and after (solid lines) bending, (b) change in size of
the plates shown in (a) after further cooling, (c) martensite plates
1) before and 2) after bending showing growth of one set of twins
at the expense of the other, (d) further growth of the martensite

shown in (c-2) due to further cooling.
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disclosed, or represents that its use would not infringe privately
owned rights.
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