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Abstract

Ni—-Fe—Ga alloys were highly undercooled by using molten glass purifier and superheating cycle. Effects of the undercooling on the
temperatures of martensitic transformation, microstructures and phase structures were investigated. Compared with the as-melted alloy, the
is little effect of the undercooling on the temperatures of the martensitic transformation and the undercefled®&; alloy retained
the 14M martensitic structure within the achieved undercooling range of 0-200 K, while ingdieMiGa, 5 alloy, they phase formed as
primary phase during the stage of rapid solicitation, in additionytpbase became more refined and the volume fraction increased up to
76% under the undercooling of 220 K.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction viewpoint of magnetic properties, as-spun Ni-Mn—Ga ma-
terials have also shown many special magnetic phenomena
Heusler Ni-Mn—Ga alloys have attracted much attention different from as-melted alloyd 3]. High undercooling and
for potential applications as promising actuators driven by melt-spinning both belong to the rapid solidification category
an applied magnetic fielfll]. Several new Heusler alloys, [14-16]} and competitive nucleation of different phases may
such as Ni-Fe—-Ga, Co-Ni—-Ga, Ni-Mn—Fe—Ga, Co—Ni—Al occur in undercooled melts. Furthermore, a highlyd 0
were developefl—7]. Extensive investigations have concen- textured Fe—20 at.% Ga magnetostrictive alloy had been pre-
trated on single crystals and as-melted polycrystalline alloys pared successfully using high undercooling directional crys-
[8-11]. Recently, some reports about directional solidified tal growth techniqu¢l7]. So, it is rather attractive and nec-
and melt-spun Ni-Mn—Ga alloys have appedfetj13] For essary to investigate this kind of undercooled magnetic ma-
most Heusler alloys, the conventional synthesis is arc-melting terials. In this article, we undercooled Ni—-Fe—Ga magnetic
followed by annealing at a specific temperature to achieve ashape memory alloys and reported the initial results of the
structural transition from B2 to L2 However, sometimes  temperatures of martensitic transformation, microstructures
such a method does not lead to the pgnehase (B2 struc-  and phase structures under different nucleation conditions.
ture). Once the phase is formed, it obstructs the formation
ofthe pure3 phase. Melt-spinning can promote the formation
of the B phase and impede phase formation by enforcing 2. Experimental
a rapid cooling of the liquid state directly into the pyse
phase, that is to say, it can broaden the composition range of  Starting materials of NsFe 7Ga7 and NiggFer75Gapos
the pure L2 phase effectively. On the other hand, from the alloys about 35 g were made by using arc-melting under ar-
gon atmosphere (the purity of the elements is higher than
* Corresponding author. Tel.: +86-21-62932569; fax: +86-21-62933074. 99.99%). The alloys were melted four times to ensure ho-
E-mail addressjywxws@sjtu.edu.cn (J.G. Li). mogeneity. The obtained ingots were cut into 6 mMG mm
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Fig. 1. Atypical cooling curve of undercooledf§ie; 7Ga7 alloy. Fig. 3. XRD patterns of NisFe17Gap alloy at room temperature.

x 6 mm pieces for use in the following undercooling exper- was 0.08 MPa. Secondly, the glass purifier and a piece of
iments. The undercooling experiments were performed on Ni-Fe—Ga alloy were put into a clean quartz tube and in-
a high frequency induction heating unit. To protect the al- duction heated into liquid for 2 min, then cooled and heated
loy from oxidization and remove inclusion from the melt, a cyclically till the predetermined undercooling was obtained.
melt-fluxing technique was adoptgtb]. The glass purifier, ~ The overheating temperature was about 200 K. The cooling
consisting of 50% BO3, 30% N&SiOs; and 20% NaB407, curve of the melts was measured by an infrared pyrometer,
was made from the analytical reagents and had been dehywhich was calibrated with a standard PggHPtRIs thermo-
drated by keeping under a molten state at 1173 K for 12 h couple, and possessed a relative accuracy of 5K and a re-
in advance. Firstly, high purity argon was backfilled into the sponse time less than 1 ms. The obtained undercooled sam-
chamber three times after the vacuum system was evacu{les were sealed in a vacuum silica tube, heated to 773K and
ated to 2x 10~3Pa, and the argon pressure in the chamber then cooled slowly to room temperature.

Fig. 2. Microstructures of NiFe 7Gay alloys (a) as-melted, (M T=22K, (c) AT =96 K and (d)AT = 200K. (AT stands for the undercoolingyT =T —
TN).
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Fig. 4. Martensitic transformation temperatures under different undercool- Time (s)

ings of NisgFe; 7Ga7 alloy.
Fig. 5. Cooling curves of undercooledgdyiFe;75Gap2 5 alloy.

3. Results and discussion
Microstructure observation was carried out using an

optical microscope (Neoplot-1) and a scanning elec- 3.1, NigFe 7Gap7 alloy

tron microscope (SEM520) with EDS. The alloy melt-

ing point was measured in a differential thermal analy-  Fig. 1 is a typical cooling curve of undercooled
sis (DTA1600). The temperatures of martensitic transfor- NisgFe,7Gay7 alloy melts. When the melt was undercooled
mation were measured by a modulated differential scan-to the nucleation temperatur€y, nucleation abruptly and
ning calorimeter (MDSC2910) with heating and cooling growth occurred. Because the solid phase released latent heat
rates of 5K/min. Phase identifications were performed by the temperature rose quickly T. After this recalescence,

a D8 ADVANCE X-ray power diffractometer with CuK  the sample cooled down slowly. The notatidn, stands for
radiation. the alloy melting point, 1527 K.

Fig. 6. Microstructures of NpFe175Gapz 5 alloy, (a) as-melted, (bAT = 30K, (c)AT=166K and (d)AT = 220K.



H.X. Zheng et al. / Journal of Alloys and Compounds 388 (2005) 172-176 175

Fig. 2shows the stripe-like martensitic microstructures of
undercooled NjgFe17Ga7 alloy and noy phase was found.
Fig. 3are the XRD patterns, which are well identified as 14M
martensitic structures and ngeak was observed, that is, the _
undercooled NjsFe1 7Gap7 alloy retained the initial structure 8
of the as-melted alloy. According to the microstructural evo- A
lution, we can conclude that tigephase had formed during _
the stage of rapid solidification. g

The relationship between the temperatures of marten- AT=166 K A
sitic transformation and the undercooling is giverFig. 4 v § ﬁi“‘m’
There is almost no change of the temperatures of the marten: b A
sitic transformation under different degrees of undercooling,

ol

gl g c & 8

which means that the temperatures of martensitic transforma- as-melted 3 < 3 3
9
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tion are stable along the growth direction in the directional T T T
crystal obtained by using high undercooling directional crys- 20 30 40 50 60 70 80
tal growth technique and this may be favorable in the practical 20 (degree)

engineering field.

0

Fig. 8. XRD patterns of NpFe17.5Gapz 5 alloy at room temperature.

3.2. NigFe175Gaps 5 alloy 3.3. Competitive nucleation in undercooled Ni-Fe—-Ga
melts

Fig. 5 shows the cooling curves of phFe;75Gapo 5 al-
loy. There was an inflexion in the cooling curve of sample  Although high undercooling and melt-spinning both can
1 and the inflexion diminished in the cooling curves of sam- Promote fast crystal growth, the essential difference is the
ples 2 and 3. From the cooling curves, one can see that thedriving force of the crystal growth. For the melt-spun alloys,
cooling rate increased with increasing undercooling, which the driving force is dynamic undercooling. Liu et §.3]
means that the residual liquid phase decreased after rapidrepared pure LZphase by melt-spinning and under a high
solidification. cooling rate, they phase was suppressed and ghehase

Based on the microstructuregig. 6), it is obvious that formed directly from the melt. For the undercooled melts, the
the y phase acted as the primary phase and formed duringdriving force is thermodynamic undercooling. For different
the stage of rapid solidification. The volume fraction of the degrees of undercooling, different phases may form during
o phase increased genera”y and accounted for 76% undeﬁhe stage of rapid SO|Id|flcat|q:I15,16] In this article, within
an undercooling of 220 KFig. 7), which is in accordance  the achieved undercooling range, fhehase is the primary
with the XRD patternsFig. 8). When the undercooling ex-  Phase in NigFe17Gap7 alloy and they phase is the primary
ceeded 166 K, the peak of the martensitic phase can no longePhase in NdoFe175Gapz 5 alloy. In addition, the glass purifier

be clearly observed. In addition, thephase became more is very effective to denucleate the Ni—Fe—Ga alloys to obtain
refined. a high undercooling. It is possible to prepare a directionally

solidified crystal using high undercooling technique provided
the proper alloy is chosen. However, up to date, the origin
100 of the competitive nucleation behavior gfand+y phases

S in undercooled Ni—Fe—Ga alloy melts is still unclear due to
@ 90 insufficient information on the ternary phase diagram, so in
£ gl future work, more experiments are needed.
3 —
° 7ot
% ol 4. Conclusions
§ 50 Ni—-Fe—Ga alloys were highly undercooled by using a
S 4l molten glass purifier and superheating cycle. There is little
effect of the undercooling on the temperatures of marten-
30} as-melted sitic transformation and the undercooledffie; ;Gap7 alloy
0 %0 0 1@ 20 retained the 14M martensitic structure within the achieved

undercooling range of 0 to 200K. In the dyFe175Gap2s
alloy, they phase formed as primary phase andyhghase

Fig. 7. Volume fraction ofy phase under different undercoolings of refined and the volume fraction increased up to 76% under
NigoFei75Ganss alloy. an undercooling of 220 K.
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