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It has recendy been shown {l.2llha! NiTiNb shape memory alloys exhibit a wide 
transformation hysteresis compared to NiTi binlllj' alloys (about 12S'C versus 3O'C). The 
hysteresis incrusts principally because of an increase in the A •• Artemperarure regime. By 
~overderonningN NiTiNb allo)'$ in rhe martcnsi tic phase (resulting in sorne irrecoverable Strain), 
the A. temperature is ttmporarily illCl'eased to A,', thus pelmitting couplings and (astenen, 10 be 
stored at ambient temperarures. This wide hysteresis has important practical utility for !he shape 
memory field. 

For yeatS the transformation and mechanical behavior of nearly stoiehiornelric TiNi a1toY' 
has receivedelllensive attention because of their ~premanensitic" phenomena and shape memory 
effects. Substantial progress has recently been made in understanding of bod! mechanistic details 
and mechanical aspeCts of the: transformations in TiNi shape memory alloys [31. However. a.1l 
existing reference deals scantly with the phase transfonnation in NiTiNb [4,5J. The present 
work was undenaken to investigate the transfonnation and mechanical behavior of a wide 
hysteresis Ni.7T~N~ alloy and to discuss the role ofNb additions to this alloys. 

EXPERIMENTAL 

1be alloy composition used for the present study was 47 It% Ni. 44 al% n and 9 at% Nb. 
The test material was supplied by Raychem Corporation with the strips of appro:dmately O.SOmm 
thickness. 1be various samples were cut from the strips using a diamond saw and then annealed 
at 850'C for 30 min in a 5xlo-5 torr vacuum and fu rnance cooled. The transformation 
tcmperatures after this heallJ"eaunent were measured by electrical resistance method: Mo. Mr. A,. 
Ar temperature were -90, -175. -85 and -35'C, respectively. The final dimensions of the sDips 
samples for elecDical resistance measurement were approlCimitely 40 m.rn in length, 1.0 rom in 
width and 0.4 rom in thickness. 

SEM samples were prepared by mechanical polishing and left unetched. The SEM 
uperiment was carried OUI in a JSM35C microscope. The precipitate powder for X·ray 
diffraction study (Deby-Schern: r method) was prepared by electrolytic elCtrac tion in 25vol% 
HN01 and 75vol% methanol. The powder pnotographs were taken with CuKo: radiation (nickel 
filter). 

The TEM foils were prepared by mechanical thinning the 25x8lCO.5 mm samples 10 
approlCimately 100 microns on 180·600 grit SiC paper then punching 3 mm discs and 
electropolishing in a IS vol% sulfuric acid·85 vol% methanol mixture at ·2S·C. The TEM/EOX 
analysis were carried out in a philips EM 400 operating at 120 KV equipped with energy 
dispersive X·ray analysis system. The quantitative X·rtly analysis using the rtltio t«:hnique and 
thin fil m cntcrion was perfonned for the EOX spectra in TEM. Electron diffrac tion and 
microseopy were carried out in a Hitachi H·800 microscope operated at 200 KV and equipped 
with a ±4S', double·tilt stage. An in·situ cooling elCperiment was performed using a HSOOIC 
±4S' tilting-cooling stage which permitted the specimen to be cooled from room temperature 10 
about . 120·C. 

MRS Int'l. Mig. on MIl. Mals. Vol. 9 © 1989 Materials Research Society. 



172 • Shape Memory Materials 

A tensile sample was defonned to 16.0% elongalion wilh a dcfonnation ralC: of 5.29xlO"s-1 
at -60'C. Upon unloading, the strain at room temperature is 10.2%. The lEM foils of the tensile 
sample were prepared from the gage sc<:tion of deformed sample. 

RESULTS AND DISCUSSION 

3.1 Identification of the Niobium-rich Phase 

The microSlnlcture is remarkably di fferent from the NiTi binary alloy. After annealing at 
850'C for 30 min, an insoluble dispersed phase which exhibits globular or elliptical morphology 
appears in the mattix, as shown in Figure l. The eoarse blocky dark phase in Figure I was 
shown by SEM/EDX analysis to be a compound of approximate composition T~ (Ni.Nbh. 11Ie 
present experiments have demonstrated that the above dispersed phase is still insoluble when the 
specimen was heated to lIOO·C. As heating time was extended, the particles of the insoluble 
phase were grown. Consequently they are precipitates formed at higher temperature; probably 
during solidification. The chemical composition of both the precipitate and the matri); was 
examined by lEMJEDX analysis. Figure 2(a) is a lEM micrograph of a same specimen shown in 
Figure I, Figure 2(b) and (c) show corresponding EOX spectra taken from a precipitate labeled P 
in Figure 2(a) and matrix labeled M in Figure 2(a), respectively. In order to avoid the 
overlapping absorption from the mauix, all EDX spectra of the precipitate were taken from the 
edge of the hole in thin foil as shown in Figure 2(a). The quant itative compositions of three 
di fferent points for the precipitates and matrix are presented in Table I . From this table the matrix 
is identified as a TiNl phase containing some amount of niobium, while the precipitate is a 
niobium-rich phase. TEM observation shows that the precipitates are highly dislocated. The 
results of the X-ray powder diffraction for the precipitate is listed in Table 2. It indicates that both 
the SlnIctute and lattice parameter of the precipitate lie close to the II phase of a NbTi alloy 
containing &0 atlll Nb, which has a body-centered-cubic structure with a lattice parameter of 
0.3297nm (6J. TIle lattice paramelC:r of the niobium-rich precipitate was determined by X-ray to 
be O.32963nm. II is thus concluded that the niobium-rich precipitates are body-centered-cubic ~ 
Nb containing some amount of Ni and Ti. 

T.b~ I: TEM/EOX "n.oIy.i. o f 1"lv<. DiCC ..... ' I'cinLl for the Pr«ipl .. ,. ond M."ix in Fi, w" 1(. ) 
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The parent phase was examined by elc<:tron imaging and diffraction at room temperature. 
Figure 3 shows a lEM micrograph and corresponding diffraction pattern series. The mottling 
"tweed-like" structure as reponed earlier in TiNi alloys [7J is observed in Figure 3(a) in addition 
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to the usual bending COntOW1. Figures 3(b) to (d) are Selected Area Diffraction (SAD) which are 
identified u [001]. [lla]. and [IIIJ wnes of the CsCI(82) cubic structure {S]. The lattice 
parameter of the 82 parent phase was determined by X·ray diffraction to be 0.30182nm. Difruse 
scauering can be observed in Figure 3(b) to (d). It shows Ihatthe iocommensurate phase exist in 
parent at room ttmperarure. 

3.3 The transformation of Parent PhlSe during Cooling to Lower Temperature 

The present experiments show that the parent phase of N~7 Ti44Nb, alloy exhibits 
tnlnsfonnation behavior similar to that of nearly stoichiomeuic Nil1 al loys during cooling to 
lower temperalUrt5. Figure 4 shows an el«trical resisliyity YeI'SUS tcmperature plot between 
lOO'C and liquid nitrOgen tcmperature for the as·annealed sample. Upon cooling. the resistivity 
stans to increase at Til' which corresponds to the onset of tile incommensurate transformation. At 
M. the ruisliYity stans 10 decrease continuously until liquid nitrogen tempen. lure. As the 
specimen was cooled from room temperature. the parent·incomrnensurale \I1lIl$i tion occurs. 
Figure 5 is a sample indicating the tem~nture dependence of the 1/3(110) super lattice renection 
in the (111)82 w ne. The superlamce renection intensity was increased with decreasing 
temperature. When the specimen temperature was nearing Ms. needle- like plates were observed 
(as shown in Figure 6). Howeytr. Ihey are confinned not to be the R.phase by elecD'on and X· 
ray diffraction and differential scanning calorimetry (9]. As the specimen was cooled below Ms. 
the mancnsite plates wi!h regular twin lamellar wcre seen to grow abruptly to a lenticular shape. 
In addition to transfonnational twins. Slacking faults were also observed in some marten sites. 
Figure 7(a) and (b) show the martensitc wi!h regular twin lamellar and a corttsponding SAD 
pattern derived from the middle atea of Figure 7(a). From Figure 7(a) and (b). it is seen that the 
strub in Figure 7(b) art perpendicular to !he suiarions in Figure 7(1). These streaks are 
chaneteristic of a high density of thin twins. Ulilizing dari; field tcchniques. the alternating 
pla te lets in Figwe 7(a) have been conrltlTlcd 10 be twin rela led. From Figwe 7(a) il is also 
obyio\ls that APD's (Antiphase Microdomains) are. observed in the twin variants or the martensite. 
Figure 7 (C) and (d) show the staeking faults of the martensite in tile Ni. 7Ti""Nb, alloy and a 
corresponding SAD patte rn derived from the middle area Figure 7(c). The suiations in Figure 
7(c) are perpendicular to the long diffuse streaks along the [001] reciprocal lattice direction of the 
diUraction pattern in Figure 7(d). Consequently the striarions in Figure 7(c) are parallel to the 
(001) plane, which is the basal plane of the mancnsite. This implies the stacking faults to be on 
the (001) basal plane. 

Figure 4: 
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The prescnt experiment shows that the width of the transformational hysteresis for 
undcformed N~7T~N~ specimens annealed a t 850"C is about SS'C (M.- -90'C, A.--3S 'C). 
This h)'ltcresis width can be increased to ISO'C with a 16% tensile deformation at -60' C. In this 
case. M, will stay at about -90'C, whi le A. is ra ised 10 6O'C. II is obvious thaI Ihe 
transfonnalional hysteresis after defonning at ·60'C is remarkably increased. Figure 8 shows the 
microstructure at room temperature fo r thc same tensile specimen. The fine deformed mancnsile 
exists between the niobium-rich precipitates. Figure 9 also shows that niobium-rich precipitates 
prevent matrix recrystallization so that the extremely fine dimeru ions of the malrix grams are 
e"idenL In general. the averlge gain diameter is about I.S 11m. Consequently the formation of 
fine manensites is due to the refinement of matrix gBins and the partitioning effect of the 
niobium·rich precipilltes dispersed in matrix. Figure 9 shows that the JtreSs induced martensite 
in the strained specimen exhibiu a self·accommodation morphology. It can be seen from Figure 8 
that the martenSI!C plates in the deformed condition are often near p-Nb prccipilltes. We speculate 
mat the p-Nb ~ipitateS probably decrease the elastic strain encrgy of the mV1ensite near the p­
Nb precipitates: In this case, the existence of ~Nb precipitatu1eads to the stabiliution of strain 
martensite. The present experiment found thaI the slTIined martensite has an irregular twin 
substructure probably including some dislocations. To summarize the microstnlCture of the 
NL.,TI,wN~ shape memory alloy is a hard o rdered matrix (TiNi phase) conUlining fine dispersion 
of:l. soft second phase (p· Nb). The transformation characteristics of this alloy is that thc sofl 
precipitatC5 dispersed in malrix g ive rise 10 a refinement of the strain martensite formed by 
defomution, and more often than not leading 10 the formation of strain mutensite near soft 
precipitates. This decreases the elastic stn.in energy of the martensite resulting in a lower driving 
force fOf the reverse transfomution. Consequently, the A.lCmpentu.re of Ihis alloy can be raised 
by deformation. 

CONCLUSIONS 

Nb additions to NiTi lead to the formation of an insoluble phase of ~Nb which exhibi t a 
,lobular o r elliptical morpholOlY. The phase is cubic (disordered aaO.32963nm) and is highly 
dislocated. The ~nt phase is an ordered Cubic TiNi phase (aI O.30182nm) containing abou t 5 
II % niobium and uhibits transformation behavior s imilar to thaI of stoichiometric TiNi alloys. 
Upon cooling the sequence of transformation event is as follows: parent phase 8 2 to the 
incommensuratc pbase to needlc·like plalcs (not yel identified) to manensite phase. The effect of 
the soft ~-Nb particles is to increase transformational hysteresis. 
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