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Kinetic arrest (KA) of martensitic transformation (MT) has been observed in as-solidifigd Mins4 3In13.5 melt-spun ribbons; a charac-
terization by dc magnetization measurements was carried out. These alloy ribbons transform martensitically from a single austenitic (AST)
parent phase with B2-type crystal structure. For an applied magnetiqfiéldof 1 T and up to 9 T, a moderate but progressive KA of the

MT is observed. The metastability of the non-equilibrium field-cooled glassy state was characterized by introducing thermal and magnetic
field fluctuations. It was found that the total magnetization differeke)(between the zero field-cooling (ZFC) and field-cooling (FC)
pathways of the temperature dependence of magnetizAtigfi’) shows irreversible and reversible components; the former decreases as the
temperature decreases. After a short thermal annealing of 10 min at 1073 K AST shows a highly orgeyge lc?ystal structure and the

kinetic arrest of martensitic transformation is no longer observed suggesting a connection between the crystal structure order of austenite and
the appearance of the kinetic arrest phenomenon.
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1. Introduction monly characterized by means of magnetization [8,9,11,25],
resistivity [9], and neutron diffraction measurements [22].

In the last few years, the study of magnetic-field induced! he relevant information provided by these experiments is

phenomena across the first-order martensitic transformatioffund when the information obtained from the zero-field-

(MT) in ferromagnetic shape memory alloys of the ternaryc90|e_d and field-cooled states in the phase cqexistence re-
alloy systems Ni-Mn-X (X= Sn, In, Sb) has been a sub-9ion is compared. As expected, due to the higher satura-

ject of considerable attention. Among them, the most stugtion magnetization of austenite with respect to martensite
ied are giant inverse magnetocaloric effect [1-4], magnetidMST), the zero-field cooling (ZFC) and field-cooling (FC)
shape memory effect [5,6], and magnetoresistance [7]. An(and field-heating, FH) pathways of the temperature depen-

other field-induced effect, less common, sometimes observedfnce of magnetization(T’) splitin the martensite existence
in various alloys is the kinetic arrest (KA) of martensitic "€9ion [8-22].

transformation. It was first detected by Sharataal. in a Most of the studies carried out on the observation
bulk NisoMnz4In;¢ alloy [8], but later it has been also ob- gng characterization of KA phenomenon in Ni-rich and
served in other Ni-rich [8-19] and Mn-rich [20-22] Heusler- \in_rich Heusler-type alloys have been performed in bulk
type Ni-Mn-X (X= Sn, In, Sb) alloys. In addition, it also 4jjoys.  In the case of melt-spun ribbons, the field-
appears in a variety of other materials exhibiting first-order,qced arrest of MT has been only reported in a few al-
phase transitions, either alloys or oxides, such as the Lavegys such as MgNislnio [20], NigCosMnasShia [17],
phases Ce(Fe,)g)(_X = Al, _Ru) [23-26] and HfFeg [27], NissC01aMn41 Sy [18], and NiizMnssFesings [19]. How-
Gd;Ge, [28], MnSi [29], NiCoMnAl [30], Mn:PtGa [31],  ever, most of these studies are limited to report its exis-
Mn;GaG ¢ [32] and phase-separated manganites [26,33-35}gnce hased on the above mentioned splitting between ZFC
An overview about the manifestation of this phenomenon inang FC(T) curves (e, no further characterization is pre-
different magnetic materials is found in Ref. 36. sented). We have already briefly reported on the occurrence
In the case of Ni-rich and Mn-rich Heusler-type alloys, a of a moderate-to-low KA of MT in melt-spun ribbons with
volume fraction of the parent austenite phase remains frozetie off-stoichiometric composition Bli ;Mnsy 3lny3.5 [40].
into the equilibrium martensitic matrix under the application Here we are reporting a detailed dc magnetization study of
of a static magnetic field of strength beyond a certain criticathis uncommon phenomenon with emphasis on the character-
value when the material is cooled down below the martenization of the kinetically arrested inhomogeneous magnetic
sitic finishing structural transition temperatund;. This glassy (MG) state. It is also shown that it is no longer ob-
mixed, or two-phase, state is metastable in nature and is conserved after a short thermal annealing at 1073 K.
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2. Experimental 3. Results and discussions

The room temperature XRD pattern of powdered as-solidified

db iting i here f highl ribbons is shown in Fig. 1(a). All the diffraction peaks
pared by arc melting in argon atmosphere from highly purg, . satisfactorily indexed on the basis of a B2-type crys-

elemeints (Ni 99_9|8cﬁ,, rl:/ln 99'98%’ and In 99'939%)'_ Thﬁtal structure with a lattice parameter of 0.299(3) nm. The
sample was remelted three times to ensure good starting efystallization of AST in this crystal structure, instead of the

mogeneity. Addlthnal amount of Mn was added t_o COmpen'highly ordered L21-type structure, has been frequently re-
sate the loss of this element during the arc melting procesg, o i as-solidified Ni-Mn-In alloy ribbons with similar

n ord_er to preserve the ;tartmg 50:36:14 composmon in th omposition and results from the high cooling rate during so-
resulting pellet'. Fro.m this as-cast alloy,. melt spun ribbon idification [41,42]. The inset in Fig. 1(a) shows the typi-
were qbtalned na highly pure argon environment (99.999% al cross sectional microstructure of ribbons. Their average
at a high tangential speed of the copper wheel of 48'ms thickness is~ 9—12 pum, while the microstructure consists of

. X _ Svell-formed columnar grains growing along the entire ribbon
ing a homemade single-roller melt spinner apparatus. Thﬂwickness. After more than 30 EDS analyses performed on

as-cast pellet was melted by radio frequency induction heatf)oth ribbon surfaces and the cross section at different ribbon

ing in a quartz crucible with an orifice of 0.5 mm; the molten regions, the average elemental chemical composition was de-
alloy was ejected with an Ar overpressure of 20 bar onto thetermined as Ni sMn4 sInys 5 (that slightly differs from the
polished surface of the copper wheel. ' ’ ’

A bulk alloy of nominal composition MgyNisgln,4 was pre-

X-ray powder diffraction, differential scanning calorime- (a)
try (DSC), scanning electron microscopy (SEM), energy
dispersive spectroscopy (EDS) and magnetization measure
ments were used to study ribbon samples. The DSC mea-
surements were performed in a TA Instruments model Q200
under a high purity Ar flow at a heating/cooling rate of
10 Kmin—!. X-ray diffraction patterns of finely powdered
ribbon samples were recorded in a Bruker D8 Advance pow-
der diffractometer (Cu-K; 20° < 6 < 90°; step incre-
ment: 0.02). Scanning electron microscopy (SEM) studies
were performed using a FEI XL 30 SEM equipped with an
energy dispersive spectroscopy (EDS) system (EDAX); the
average elemental chemical composition was estimated by s
EDS (0.1 in the determination of the atomic percentage). 20 30 40

Intensity (arb. units)

60 70 80 90
Magnetization measurements were carried out by vibrating 20 (degree)

sample magnetometry (VSM) in a Quantum Design PEBMS 10— o .
EverCoo®-9T platform. The magnetic fielg, H was ap- Ly 5mT
plied along the ribbon axis.é., the rolling direction) to min- .
imize the effect of the internal demagnetizing field. The low- —~ 2

field (5 mT) and high-field (up to 9 T) magnetization as a ' E | heating
function of temperature(T') curves were measured between ;‘ 6r %

10 and 350 K. First, the sample was cooled from room tem- £ i
perature under zero applied magnetic field (ZFC process) to « al 240
10 K (the initial measuring temperature); then, the magnetic ~~ Temperature (K) FC|]
field is applied and the magnetization is measured while in- (b) ]
creasing the temperature up to 350 K; once the last point is 2 c .
measured, the sample is cooled back to the lowest tempera FC-FH | 7 FHI$}
ture keeping the static field (FC process); finally, the mag- — i R . )
netization was measured again by increasing the temperatur 0 50 100 150 200 250 300 350
(FH procgss). As the non-equilibrium fleld-copled state at Temperature (K)

a givenT is affected by the temperature-sweeping rate [25],

in all th_e experl_men_ts t_hls parameter was set at 1.0 Krhin FIGURE 1. Room temperature XRD pattern (a) and ZFC, FC and

Accordingly, this criterion was not only followed to record g (1) curves at 5 mT (b) for as-solidified ribbon samples. The

o(T') curves, but also to reach any temperature at which ansets in (a) and (b) show the typical cross section microstructure
magnetization measurement versus field or time is performegnd thes (T') curves (red dots) and DSC scans (black line) in the

or initiated. structural transition region.
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the nominal one NpMn34In6). The difference is attributed 5 . . . - . .
to both the Mn loss by evaporation and the surface chemi- (a)
cal reaction of the molten alloy with the quartz crucible in = al
the melt spinner system. The inset in Fig. 1(b) shows the _@
heating/cooling DSC scans along with the FH and&HT') o
curves measured under a low static magnetic field of 5mT (re- &€ 3}
ferred to ass(7")°™" ). From these two curves we estimated <
by simple extrapolation the characteristic starting and finish- o
ing temperatures of the direct and reverse martensitic trans- N
formation (referred to ad/g, My, As and Ay, respectively) Eb
and from the minimum in théo /dT vsT curve the magnetic a 1
transitions of AST (Curie temperature) and MST, referred to
asT# andTX, respectively. The values determined from 0
the DSC p(T') 5 mT] curves were:Mg = 281 (275) K,
My = 255 (264) K, As = 267 (271) K andA; = 290
(279) K, wheready = 285 K andTA! = 257 K. It can be 4
noted in thes (T)5™T curves (Fig. 1) that the transformation
to martensite during FC extends over a long interval in the
low temperatures range, indicating that energetically some {"3
volume fraction of martensite has difficulties to grow intothe 2
remaining austenite parent phase. o
The temperature dependencies of the magnetizati@h E 2
under different applied static magnetic fields, ranging from 1 <
to 9 T, are shown in Fig. 2. The atypical behavior observedin 3
the graphs, which reflects the kinetic arrest of the martensitic g
transformation, is the magnetization difference between the <
ZFC and FC (or FH) pathways in the martensitic existence

, 0 50 700 150 200
80r (@)1 T T Temperature (K)

FIGURE 3. AcF©%FC as a function of the magnetic field at differ-

40r ) ] ent temperatures in the martensitic region (50, 100 and 150 K). (b)

20l FC-FH Temperature dependence of the irreversible magnetization change
> Ao atu,H = 5 T for different temperatures in the martensitic
oLZ-zFC . = existence region.
;;eo- 0)3T g
X601 e zg % 1 region (hereafter referred to a&¢™©4F9). The inset in
NE 40 sl AT e, Fig. 2(b) zooms inta\aF-#FCfor theo (T') curves measured
: 10 Lt at 9 T. When the temperature decreases, a volume fraction of
< 0 50 100 150 200
~20} T(K) . AST does not transform into MST but remains untransformed
o 0 . ‘ D . . (i.e., “frozen”) within the equilibrium martensitic matrix due

80l to the presence of the applied magnetic field. Hence, the KA
of MT gives rise to a magnetically inhomogeneous system in

60r which both MST and AST phases coexist. The resulting FC
40 state should be metastable in nature, and therefore if energy
fluctuations are introduced by cycling the magnetic field or
20r e paaa s the temperature, the system should tend to the ZFC equilib-
s I A I S S S rium state. In the present alloy, the KA of MT was detected
0 50 100 150 200 250 300 350 for magnetic field values above 1 T. The field dependence of

Temperature (K) AoFC?FC measured at different temperatures in the marten-

FIGURE 2. o(T') curves measured in FH, FC and ZFC regimes un- sitic existence region up to a maximum magnetic field of 9 T

der static magnetics fields of: 1 T (a), 3 T (b), and 9 T (c). Inset IS Shown in Fig. 3(a). Roughly speaking, the fraction of AST
in (c): zoom into ther(T') curve at 9 T in the martensitic region to  arrested into the martensitic matrix must be proportional to

show the magnetization differencer"Z7¢ between the ZFC and ~ AoF?FCand, as the figure shows it increases almost linearly
FC pathways of the curve. with the magnetic field strength.
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' o s:T = 50K gradually increase the magnetization after each cycle. The
241 —8-s2: T::x=100K inset in Fig. 4(b) zooms into the low temperature region to
a-s3 T =150 K underline the effect. It is well known that in both marten-
" site and austenite antiferromagnetic (AFM) and FM coupling
21+ l . between Mn magnetic moments coexists [43]. The introduc-
tion of thermal energy fluctuations leads to the metastable
coupling of AFM moments with the applied magnetic field
—~18} during the cooling process originating the observed magneti-
"o ] N zation increase. Thus, FC and ZFC methods lead to opposite
= 28 T2 a3 48 behaviors underlying the metastable nature of the FC state.
= 15— . . ISERENEES In a second experiment, the temperature was fixed at five
$24 | soof selected values (referred to @gead, Namely 10 K, 50 K,
o S FiE 100 K, 150 K and 200 K, and two different thermal proto-
Z 210} cols, FC and ZFC, were followed to reach these tempera-
< 20| tures; then, the(u, H) curves were measured. The purpose
21r . 200521 0 of this experiment was to determine if removing the magnetic
g Temperature (K) field the frozen volume fraction of AST undergoes reversible
e and irreversible transformation into MST; this is another way
18r[ o—s1:1T_=50K (b) to get insight on the characteristics of the metastable nature
—8—s2:T,,=100K ﬁ,l‘k s of the FC inhomogeneous two-phase state. So, in the FC
A suT,,=150K " | protocol the temperature was decreased under the 5 T applied
S50 100 150
Temperature (K) 25
FIGURE 4. (a) Effect of the successive thermal cycling between 20
10 K andTmax (for Tmax = 50 K, 100 K, and 150 K) on the (T)
curve atu,H = 5 T after field-cooling (a), and zero field-cooling 15
(b), from 350 K. Insets: zooms into the low temperature region of
the curves.
10
To characterize the metastable nature of the FC inho- <~ _} ——ou ™ | < /
mogeneous state, different magnetization experiments were g’ 5§z —k— o HY*C 4 -z >
performed in the martensitic existence region under an ap- E 21 .

plied magnetic field of 5 T. In the first one, thermal energy = Of————————————t—n
fluctuations were introduced through successive thermal cy- 3:/ e
cling. From 350 to 10 K the sample follows the FC regimen © 15
under a large magnetic field of 5 T. Then, the temperature

was increased from 10 K to successively increasing maxi-

mum temperatured},., of 50 K, 100 K, and 150 K, af- 10
ter the sample reaches the respecfiyg, temperature is
decreased to 10 K (the magnetic moment as a function of
T is continuously measured along all these increasing and
decreasing pathways). The measutgd’)>” curves fol-
lowing this procedure are plotted in Fig. 4(a); they are re- A
ferred as s (red circles), s (black squares), and; ggreen 0 1 2 3 4 5
triangles), respectively. The inset in Fig. 4(a) zooms into MOH (T)

the low temperature region to show the decreasing behav-

ior of o(T)3T. The metastable character of the FC state isF'GURE 5. Demagnetization thermo-remanent cuevg., H
manifested by the magnetization decrement after successiygllowed by the subsequentfield-up and field-dawp. 1) curves
temperature cycling since the thermal fluctuations gradually®!ue Circles), measured &heas = 50 K and 150 K. For the sake of
transform a small fraction of AST into MST, indicating that comparison, the magnetization curves for both increasing and de-

creasing the magnetic field measured from the demagnetized state

the system tends to the ZFC equilibrium state [10,14]. OnU(MDH)ch are also plotted (red stars). Insets: zoom into the high-

a second test, we started with the sample in ZFC state angh|g region of the curves to indicate the irreversible magnetization
follow the same described procedure (a thermal cycling prochangeAo (u., H)™ (the value given is in Afkg ™). Arrows in-
cedure at 5 T to introduce thermal energy fluctuations). ltdicate whether the magnetic field is being increased or decreased.
can be observed in Fig. 4(b) that thermal energy fluctuations

-]

AGirrev

=21

-

)TR
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magnetic field to reach Jas and the so-called thermo-
remanent (TR) demagnetization curvd,H)™R~! was

—~ 80 T T T T T
measuredi(e., the magnetic field is removed while measur- :‘2’ L (a) FCy 5T
ing o(u.H)); afterwardss(u,H) is subsequently measured N'E ol
by applying and removing the magnetic field. Inthe ZFC pro- =

. ) <
tocol the temperature is lowered at zero field to reagh.d by
ando(u,H) is measured while applying and removing the 0 T
magnetic field. Figure 5(a) and (b) compares the thermo- .
remanent demagnetization isotherar{g,, /) "R~ at 50 and o =
150 K which were followed by field-up and field-down 104 (0) B [ 1
isotherms (numbered in the figure as 2 and 3(r, H)™R—2 Gigi - ——axpenment 1
and o (1, H) ™3, respectively). For the sake of compari- - . i i B
son, the magnetization isotherms measured from the ther- {00 b . 10‘,2;’mé°‘()geg‘;°° 4000 |
mally demagnetized state while increasing and decreasing T —
the field (denoted as(u, H)?C; red stars) are also plotted. [, e
Note the difference between(u,H)™! and o(u,H)*™c Loooe PR _
at poHnax = 5 T for the two Theas reported in the graph © %
(which is better displayed in their zooming insets). This dif- I B R T
ference results from the metastable nature of the FC inho-  0.92- a{}%‘ 150 K 235K |
mogeneous state and it has the same origin than the split: I %Q% 250K
ting between ZFC and FE(T') curves. Similarly, it must be 0{‘“@\%@%@
also noted the coincidence of 1, H)™r =2 and o (u1, H )*¢ o8- g, ]
at 200 K which suggest that the frozen fraction of AST fully 0 1000 2000 3000 4000
transforms into MST when the applied magnetic field is re- time (sec)
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Temperature (K)

100

150 200

250

300 350

moved, as previously reported for bulk HMnssini, [8]

and melt spun MgyNiglnio alloys [20]. In contrast, the FIGURE 6. (a) FC pathway of ther(T") curve measured at 5 T;

the vertical bars indicate the temperatures at which the relaxation

nearly complete overlap of (1, H)™R1 and o (u,H)™R—2 ; . e
at 10yK imglies that aft%r tfg/éoap)plied magnéﬁ?: fi)eld is re_curves shown in (b) were measured. (b) Normalized magnetization
o /oo versus time plots measured at 5 T and temperatures of 250,

move_d the_volumefraction of AST frozen into the MST pha_se2357 150, 100 and 10 K. Inset: experimentgo(¢) curve mea-
remains virtually untransformed. Thus, the magnetizationreq at 10 K and its fitting (solid red line) to a KWW stretched
change shows reversiblio (p,H)™ and irreversible com-  exponential function with @ value of 0.95.
ponentsAo (u,H)" that are related to the conversion of
AST into MST when the magnetic field is removed, as it iserable exponential-like magnetization reduction since they
clearly show in the right insets of Fig. 5; here, the measuredre in the temperature range of the martensitic phase tran-
differenceAd"™ (i.e., o (uoH) ™" — o (u,H)™R2)isalso  sition where the system becomes highly metastable because
shown, while Fig. 3(b) shows its temperature dependence. of the nucleation and growth of the equilibrium MST phase.
The dynamical behavior of this non-equilibrium mag- This is in contrast with the drastic decrease in the relaxation
netic state, or magnetic glassy state, is very similar to thatate observed for the curves measured at 150 K and below
of a structural glass [44]. The relaxation of magnetization in(i.e., below M;). These curves can be fitted assuming a
the FC kinetically arrested state is another phenomenon th#&WW stretched exponential function. As an example, the in-
characterizes the metastable nature of the magnetic glassgtin Fig. 6 shows the fitting for the relaxation curve at 10 K;
state [45]. For this state, the normalized magnetization athe obtained values for the expong¢htwvas 0.95. This value
a function of timer /o (t) at a fixed magnetic field value fol- is close to 1 indicating that the system is weakly metastable.
lows a Kohlrausch-Williams-Watts (KWW) stretched expo-  The as-solidified ribbon samples were thermally annealed
nential function® « exp[—(t/7)5], wherer is a character- in vacuum at 1073 K during a short time interval of 10 min.
istic relaxation time ang a shape parameter [8}.accounts  For melt-spun ribbons obtained at high quenghing rates, this
for the number of intermediate states through which the sysprocess is usually addressed to modify the structural disorder
tem evolves and for different magnetic disordered systems itmduced by the fast extraction of thermal energy during rapid
value lies between 0 and 1 [35, 46]. In a third experiment, wesolidification that in crystalline materials leads to structural
measured the /oy (t) curves at different temperatures (indi- deviations from equilibrium [41,42]. However, it is unable
cated in Fig. 6(a) by the vertical barg);was normalized to to change the relevant microstructural features, such as grain
its zero-time value. Each temperature was reached followmorphology, grain orientation and average grain size owing
ing the same thermomagnetic protocol: cooling at a rate ofo the short annealing time and the relatively low diffusion
1 Kmin—! from 350 K under a static field of 5 T. The exper- rate. In (Ni,Mn)-based Heusler type melt-spun ribbons the
imental relaxation curves measured are shown in Fig. 6(b)annealing improves the chemical and crystallographic order
Two of them, namely those at 250 and 235 K, show a considresulting in: (a) an increased saturation magnetization of both
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80""I""I"“I“"I""i""l""
(a) —— Annealed 5T
—— As-solidified

Intensity (arb. units)

=200

F111

20 30 40 50 60 70 80 90
20 (degree)

40'-"|"" CATE T L [ By
5 T 5mT |
: :D" 25| 9o0ling Fo/ é |
30 g 20l Toa é - -
e r $ 15| heating E 0‘?
4 e c lo
2 I s & 29
~ 20 FRNAE. e ' | K 1
.E 0 Temi)zorature ?&0) . 3 T\ T A L
< (b 3'e -
10- FC -FH FCJIM 1 0....1....1A..A|...,|....:..A.|....
© [ : J i 0 50 100 150 200 250 300 350
[ | Temperature (K)
0 I I FIGURE 8. Comparison of the ZFC, FC, and RHT’) curves mea-
0 50 100 150 200 250 300 350 sured under static magnetic field of 5 T (b) and 9 T (b) for as-
Temperature (K) solidified (black circles) and annealed (red triangles) ribbon sam-
ples.

FIGURE 7. Room temperature XRD pattern (a) and heating and

coolingo(T)°™ curves (red dots) and DSC scans (black line) (b) T 302 K and T’ 184 K. The ZFC. EC and FH
loA = cM = . )

for annealed ribbon samples. Inset in (a): typical cross section mi- .
crostructure. P (@): typ o(T) at5 T and 9 T for both as-quenched and annealed rib-

bons are compared in Fig. 8(a) and (b), respectively. It must
AST and MST phases; (b) a shift of the structural andPe noted thatin the annealed sample the MT is not kinetically
magnetic phase transition temperatures, and; (C) a mo,@rrested by the presence of the applled magnetic field and the
abrupt magnetization change across the structural and magtain difference with respect to as-solidified ribbons lies in
netic transitions and a change in the crystal structure ofhe different structural and chemical order.

AST [41,42]. The room temperature XRD pattern measured The observed increase in the structural phase transition
on powdered annealed ribbons is presented in Fig. 7(a). Themperatures for annealed ribbons caused by the crystal and
diffraction peaks were satisfactorily indexed on the basis othemical change suggests that martensite is more stable than
a highly ordered L2-type crystal structure with a lattice pa- in as-solidified samples. Comparing the low-field thermo-
rameter of 0.599(6) nm. The crystallization of AST in this magnetic curves of Figs. 1(b) and 7(b), one can notice that,
crystal structure is observed in bulk and melt-spun ribbonsn contrast with the observed for the as-solidified sample,
after a long annealing time [41,42,47]. The inset in Fig. 7(a)no delay in temperature for the MT. Besides, the increased
shows that the typical cross sectional microstructure remainthermal hysteresis of the transformation (determined as
unchanged. The average elemental chemical composition d&x7Tiys; = Ay — Mg) in the annealed with respect to the
termined by EDS slightly shifts to Mi sMn33.5Iny5. Fig- as-solidified one, estimated as 12 and 18 K, respectively, in-
ure 7(b) shows both the DSC scans and the ZFC and F@icates the more thermoelastic nature of the MT in the an-
o(T) curves measured under a low static magnetic field ohealed samplei.., the driving force for the transformation

5 mT; the values determined for the starting and finishings lower) and, again, that martensite is more stable than in the
structural transition temperatures and the magnetic transas-solidified samples. This suggests that the improved struc-
tion temperatures wereMg = 287 (289) K, My = 274  tural and chemical order change attained upon the-B22,
(278) K, Ag = 287 (291) KandA; = 303 (297) K, whereas ordering transition increases the mobility of the interfaces be-
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tween AST and MST (habit plane) allowing the martensiteproportional to the applied magnetic field strength.
plates grow in a more favorable energy environment. In the The metastable character of the non-equilibrium field-
as-solidified samples with B2 order, the mobility of the inter- cooled magnetic glassy state was revealed by the decreas-
faces should be lower giving rise to kinetic arrest of the MTing behavior of magnetization over temperature cycling and
(as observed in Co-containing Ni-Mn-In alloys [48]). time dependence. The magnetization change determined
At last, the possible formation mechanism of the retainedrom the thermo-remnant and zero-field cooled magnetiza-
AST into the martensitic matrix in Ni-Mn-In and Ni-Mn-Co- tion isotherm measured at a given temperature shows irre-
In melt-spun ribbons alloys has been recently explored by inversible and reversible components; the former decreases
situ observations using optical microscopy and EBDS orienas the temperature decreases. This is in contrast with that

tation maps of the microstructure [49]; the author found thabbserved in other alloys that exhibit this abnormal phe-
large lattice discontinuities between AST and MST (whichnomenon such as ljiMns4In;g and Mo Nigglnyo for which

are indirectly related to the lattice parameters of both phaseshe fraction of AST frozen into the MST matrix is entirely
play an important role in the occurrence of this phenomenonmetastable. This arrested metastable state was no longer ob-
The difference is larger for Co-doped quaternary alloys tharserved in the thermally annealed samples because of an in-
in Ni-Mn-In; this could explain why larger, or total, KA at crease in the stability of martensite in the new laistenitic

a lower applied magnetic field has been reported for the formatrix.

mer [9,14,48]. Our results suggest a reduction of lattice dis-

continuity between both phases when the parent phase sho
the L2 -type crystal structure.
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