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Abstract The microstructure of the eutectic alloy Fe30Ni20

Mn35Al15 (in at.%) was modified by cooling at different rates

from 1623 K, i.e., above the eutectic temperature. The

lamellar spacing decreased with increasing cooling rate, and

in water-quenched specimens lamellae widths of *100 nm

were obtained. The orientation relationship between the

fcc and B2 lamellae was found to be sensitive to the

cooling rate. In a drop-cast alloy the Kurdjumov–Sachs

orientation relationship dominated, whereas the orienta-

tion relationship in an arc-melted alloy with a faster cool-

ing rate was fcc �112ð Þ==B2 011ð Þ; fcc 1�11½ �==B2 1�11½ � and

fcc 0�11ð Þ==B2 001ð Þ; fcc 011½ �==B2 �1�10½ �. The hardness

increased with microstructural refinement, obeying a Hall–

Petch-type relationship. The strength of the alloy decreased

significantly above 600 K due to softening of the B2 phase.

Introduction

Good strength and room temperature ductility are two essen-

tial components in designing structural alloys. A recently

discovered, two-phase alloy with nominal composition of

Fe30Ni20Mn35Al15 is of interest due to its attractive combi-

nation of strength and ductility [1]. In the arc-melted state,

the alloy has been shown to be composed of very hard

*200 nm wide B2 lamellae and ductile *500 nm wide fcc

lamellae [1]. Upon straining the B2 phase exhibits little

plastic deformation; while the fcc phase deforms by the glide

of h110i dislocations forming dislocation pile-ups at the

interphase boundaries [2].

How the lamellar spacing of Fe30Ni20Mn35Al15 affects

its mechanical properties is, as yet, unknown in this alloy.

Liu and Maziasz [3] suggested that, since both the grain

size and colony size are much larger than the lamellar size

in a lamellar microstructure, based on a dislocation pile-up

model, the yield stress should be dependent on the lamellar

spacing, as governed by a Hall–Petch-type relationship

[4, 5]. The correlation between the lamellar size and the

mechanical properties has been extensively studied for

duplex TiAl, which consists of c-TiAl (L10 structure) and

a2-Ti3Al (DO19 structure) phases [4–6]. The lamellar

spacing of TiAl is sensitive to both the Al concentration [7]

and the heat treatment [8, 9]. By modifying the micro-

structure, the Hall–Petch relationship has been shown to be

applicable over a wide range of lamellar sizes ranging from

30 to 400 nm in hot-extruded TiAl [3, 8]. In addition to

Ti–Al, the strength and ductility of other metals, for instance

hypo-eutectoid steel, can be tuned by modifying the lamellar

spacing via thermo-mechanical treatments [12].

In this study, the lamellar spacing of the alloy Fe30Ni20

Mn35Al15 was varied by cooling from above the melting

point at different rates. The orientation relationship and

hardness are presented as a function of lamellar spacing. In

addition, the mechanical behavior of drop-cast was exam-

ined at intermediate temperatures.

Experimental

Fe30Ni20Mn35Al15 alloys were prepared using different

casting conditions. First, elemental ([99.8% purity) Fe, Ni,
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Mn, and Al pieces were arc-melted under flowing argon.

The melted buttons were cooled in a water-chilled copper

crucible. Details have been presented elsewhere [1]. Second, a

Fe30Ni20Mn35Al15 rod of 25.4 mm (D) 9 152.4 mm (L) was

drop-cast under an argon atmosphere. The melt was cooled in

an alumina crucible and the material was used as a master

ingot. A thin piece *50 mg of the as-drop-cast material was

heated up twice in a Perkin Elmer DTA to 1773 K at a heating

rate of 20 K/min under an argon atmosphere in order to

determine the temperatures of any phase transformations.

Refinement of the lamellar spacing was achieved by

heating the alloy in an alumina crucible under argon to

1623 K, which is above the melting point determined from

the DTA measurements, holding for 30 min and then either

cooling to 1373 K at 10 K/min followed by quenching into

water, or quenching directly into water. Material with a

coarser microstructure was produced by melting a mixture

of elemental pieces at 1873 K in an alumina crucible under

argon and directionally solidifying the melt at 18 mm/h in

a Bridgman furnace. The end of the crucible was cooled by

a water-chilled copper rod in order to produce a high

temperature gradient.

Specimens of the above materials were mounted in phe-

nolic resin and polished to a mirror finish using 0.3 lm alu-

mina powder. Vickers hardness values were measured using a

Leitz MINIload tester with a load of 1.96 N (200 g). A FEI

XL30 field emission gun (FEG) scanning electron microscope

(SEM) equipped with energy dispersive spectroscopy (EDS)

and operated at 15 kV was used for surface examination. The

microstructure was examined in detail using a Tecnai F20

FEG transmission electron microscope (TEM) equipped with

an EDS and operated at 200 kV. TEM specimens of the alloys

with different heat treatments were prepared as follows: 3 mm

diameter discs were produced from the alloys by using elec-

tro-discharge machining; they were ground to *200 lm

thick and jet polished in a solution of 30% nitric acid and 10%

butoxyethanol in methanol using a Struers Tenupol 5 at 253 K

at a voltage of 9 V and a current of 70 mA.

In order to investigate the elevated-temperature mechani-

cal behavior, 3 9 3 9 8 mm specimens of the drop-cast

materials were heated to 300–1000 K and compressed at an

initial strain rate of 5 9 10-4 s-1 using an MTS. Tests were

stopped at *6% strain and specimens were quenched into

water. Specimens strained at 300, 600, and 900 K were

examined in the TEM.

Results

Phase transformations

The heat flow curves of the two DTA scans between 1350

and 1575 K are compared in Fig. 1. No peak was found

either below 973 K or above 1550 K in the DTA curves.

An endothermic peak occurred at *1453 K in the first run,

followed by a broad endothermic peak starting at

*1513 K. The first reaction has an enthalpy of *17 J/g,

and is possibly related to the disordering of the B2 phase.

(The unit J/g rather than J/mol is used because the exact

mole fractions of the two phases are unknown.) For com-

parison, disordering of B2 structured Fe2MnAl occurs at

1305 K, with an associated enthalpy of 34 J/g [10]. This

value is twice that of Fe30Ni20Mn35Al15. Given the fact that

the B2 phase has a volume fraction of *47% in

Fe30Ni20Mn35Al15 [1], the enthalpy of disordering of the

B2 phase is comparable to that of Fe2MnAl. This peak

shifted to *1463 K and had an enthalpy of *11 J/g in the

second scan, possibly because the B2 phase was less

ordered after the first scan.

The second peak spanning 1513–1545 K in the first scan

was due to melting. Integrating the area under the peak

gave an enthalpy of *113 J/g. For comparison, Fe2MnAl

melts at 1677 K with an enthalpy of 166 J/g [10]. A peak

occurred at the same temperature, with a nearly identical

enthalpy (*114 J/g), in the second scan.

Orientation relationships

Figure 2a shows a TEM image of the drop-cast

Fe30Ni20Mn35Al15. The lamellae widths were *200 and

*500 nm for the B2 (dark region) and fcc phase (light

region), respectively. A few dislocations were present in

the fcc lamellae. The orientation relationship in the drop-

cast Fe30Ni20Mn35Al15 was determined for four specimens.

Figure 2b shows superimposed selected area diffraction

Fig. 1 DTA curves of Fe30Ni20Mn35Al15 heated at 20 K/min. Two

peaks were observed between 1350 and 1550 K. The peak at

*1453 K possibly is due to disordering from the B2 to the bcc

structure, while the broad peak starting at *1513 K was due to

melting
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(SAD) patterns from neighboring B2 and fcc lamellae.

The B2 phase was tilted to [111] whereas the adjacent

fcc lamella was at [011]. As illustrated in Fig. 2b,

B2 01�1½ � and fcc 11�1½ � were parallel to each other. The ori-

entation relationship was therefore determined to be fcc

11�1½ �==B2 01�1½ �; fcc [011]//B2 [111], which is the

Kurdjumov–Sachs relationship. The relatively slow cool-

ing rate may have allowed atoms to arrange in such a way

that the most-close-packed planes of the B2 and fcc phases

are coplanar, forming the Kurdjumov–Sachs orientation

relationship.

Figure 3a shows a bright-field TEM micrograph of the

arc-melted alloy with lamellae a few hundred nanometers

wide, which is similar to the drop-cast material. The dark

and light regions represent the B2 and fcc phases, respec-

tively. Two kinds of orientation relationships were identi-

fied. First, with the B2 lamellae tilted to [011], the

neighboring fcc phase was at �112½ �, as shown in the

superimposed selected area diffraction (SAD) pattern from

neighboring B2 and fcc lamellae in Fig. 3b. The 1�11½ �

directions in the B2 and fcc phases are parallel to each

other. The orientation relationship is therefore concluded to

be fcc �112ð Þ==B2 011ð Þ; fcc 1�11½ �==B2 1�11½ �. Two speci-

mens out of four examined had this orientation relationship

between the phases. The other two specimens had a dif-

ferent orientation relationship. When the B2 lamellae were

tilted to [001], the adjacent fcc lamellae were at 0�11½ �,
Fig. 3c shows the superimposed SAD pattern, in which the

fcc [011] is nearly parallel to B2 �1�10½ �. The orientation

relationship in this case is close to fcc 0�11ð Þ==B2

001ð Þ; fcc 011½ �==B2 �1�10½ �, which is known as Bain rela-

tionship [11]. A similar orientation relationship observed in

duplex Fe–Mn–Al–C alloys was postulated to be formed

via a reverse Bain distortion [12].

Microstructural modification

SEM and TEM micrographs of Fe30Ni20Mn35Al15 pro-

duced by cooling from 1623 K under different cooling

conditions are shown in Fig. 4. In the directionally

Fig. 3 a Bright-field TEM micrograph showing fine fcc (light
region) and B2 lamellae (dark region) in a specimen produced using

arc-melting. Two orientation relationships were found in four

specimens. b Superimposed SAD patterns from the two phases, in

which a few B2 and fcc reflection spots are highlighted by the solid

and dashed lines, respectively. B2 1�11½ � was aligned with fcc 1�11½ �,
showing fcc �112ð Þ==B2 011ð Þ; fcc 1�11½ �==B2 1�11½ � orientation rela-

tionship. c B2 �1�10½ � was nearly aligned with fcc [011], showing a

fcc 0�11ð Þ==B2 001ð Þ; fcc 011½ �==B2 �1�10½ � orientation relationship

Fig. 2 a Bright-field TEM

micrograph showing the

microstructure of drop-cast

Fe30Ni20Mn35Al15.

b Superimposed electron

diffraction patterns from the B2

and fcc phases at the B2 [111]

zone axis. The fcc phase was

tilted to the [011] zone axis. The

two phases had a Kurdjumov–

Sachs orientation relationship
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solidified specimen, the lamellae were well-aligned along

the growth direction, which is arrowed in the SEM

micrograph in Fig. 4a. The B2 lamellae (bright region) and

fcc lamellae (light region) were 3–6 lm and *10 lm

wide, respectively.

For the specimen cooled at 10 K/min through the

melting point before quenching the B2 lamellae width

decreased to 500–700 nm and the fcc lamellae width

decreased to *2 lm, see Fig. 4b. A few dislocations and

subgrain boundaries were observed in the fcc lamellae.

With further increases in the cooling rate by simply

quenching from above the melting point, the lamellar

spacing decreased dramatically to 50–70 nm and

80–150 nm for the B2 and fcc phase, respectively, see

Fig. 4c. All specimens except that quenched from 1623 K

had continuous B2 and fcc lamellae. In contrast, the

1623 K-quenched specimen featured B2 and fcc lamellae

enclosing each other.

SAD patterns were obtained for all specimens to confirm

that the constituent phases were B2 and fcc phase. No

disordering from B2 to bcc or further ordering of the B2

and fcc phases was noted. The chemical compositions

measured using EDS in TEM were Fe43Ni12Mn37Al8 for

the fcc phase and Fe9Ni42Mn17Al32 for the B2 phase in

drop-cast alloy. These are close to the compositions of the

constituent phases in an arc-melted specimen previously

examined [1]. For all the specimens, the chemical com-

position of the B2 phase was Ni-rich, whereas the fcc phase

was Fe- and Mn-enriched. Thus, the structural and

mechanical properties of the individual constituent phases

were presumably similar.

The Vickers hardness values showed a clear dependence

on the cooling rate from 1623 K. The hardness increased

substantially from the as-cast state of 310–380 VPN for the

1623 K-quenched alloy. It decreased to *230 VPN for the

10 K/s cooled alloy, and decreased further for the direc-

tionally solidified alloy to *210 VPN. The hardnesses and

the corresponding B2 and fcc lamellar spacings of

Fe30Ni20Mn35Al15 produced under different conditions are

listed in Table 1.

Intermediate temperature deformation

Figure 5 shows the stress of the drop cast specimens as a

function of temperature. The yield stress slightly decreased

from *750 MPa at 300 K to *700 MPa at 600 K, then

decreased significantly above 600 K and was *140 MPa at

1000 K. The yield stresses of B2-ordered Fe50Al50 [13] and

Ni48.9Al51.1 [14] are plotted for comparison. Ni48.9Al51.1 has

a nearly constant yield stress of *400 MPa below 700 K.

The stress decreased rapidly above 700 K and was only

69 MPa at 973 K. The yield stresses of all these alloys are

weakly temperature-dependent from room temperature to

*0.45 Tm, and experienced a rapid loss above *0.45 Tm.

Drop-cast Fe30Ni20Mn35Al15 work-hardened greatly over

the temperature range 300–600 K, whereas above

600–1000 K work-hardening was trivial.

The microstructures of the deformed specimens were

subsequently examined in the TEM. Figure 6 shows bright-

field micrographs of the specimens deformed at 300, 600,

and 900 K. In all cases a large number of dislocations were

present in the fcc phase. The B2 phase showed no signs of

plastic deformation at 300 K, whereas several dislocations

were observed in the specimen strained at 600 K. In

the specimen strained at 900 K in Fig. 6c, a number of

Fig. 4 a SEM micrograph of directionally solidified Fe30Ni20

Mn35Al15. The growth direction is arrowed. The B2 lamellae show

bright contrast. b TEM micrograph of the specimen cooled at 10 K/m

and c TEM micrograph of the specimen quenched into water from

1623 K. The B2 (dark) and fcc (bright) lamellae were *100 nm wide

and enclosed within each other

Table 1 Interlamellar spacing and Vickers hardness of Fe30Ni20

Mn35Al15 cooled from 1623 K at different rates

B2 spacing

(nm)

fcc spacing

(nm)

Hardness

(VPN)

D.S. (18 mm/h) 3000–6000 *10000 210

10 K/min 500–700 *2000 230

Drop-cast *200 *500 310

1623 K-quenched 50–70 80–150 380
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dislocations were present in the B2 phase. It is evident that

the B2 phase became more deformable above 600 K.

Discussion

Microstructural refinement

The exact cooling rates after drop-casting or arc-melting

are unknown. However, arc-melting would produce a faster

cooling rate than drop-casting (due to the smaller specimen

size and chilled copper hearth of the former) and both are

faster than the 10 K/min slow cool: the growth rate of the

directionally solidified specimen at 18 mm/h had the

slowest cooling rate. The order of the cooling rate is listed

as follows in ascending sequence:

directional solidification \ 10 K=min

\ drop-cast \ arc-melting \ 1623 K-quench

The dependence of the interlamellar spacing, k, in binary

eutectic/eutectoid systems on growth rate was examined by

Chadwick [15] and Porter and Easterling [16]. Considering

diffusion in front of solid interface advancing into an

undercooled liquid, the resulting relationship between k
and v is:

vk2 ¼ C ð1Þ

where C is a material constant associated with the diffusion

coefficient and surface energy. The equation was validated

in Al–Zn, Pb–Cd, and Pb–Sn systems [15]. Recently, Bei

and George [17] suggested that Eq. 1 also works well in the

NiAl–Mo ternary system. Although in the present case the

exact growth rate for each specimen is unknown, the trend

described by Eq. 1 was observed for Fe30Ni20Mn35Al15,

i.e., the lamellar spacing decreased with increasing growth

rate.

In addition to a reduction in lamellar spacing, the

1673 K-quenched alloy adopted a ‘‘Chinese script’’ mor-

phology. The reason for this discontinuous lamellae mor-

phology is not wholly clear, but is presumably related to

both composition and growth rate [18, 19]. In directionally

solidified eutectic Al2O3/GdAlO3, the discrete ‘Chinese

script’ morphology could only be formed when the volume

fraction of Al2O3 was between 40 and 60% [18]. The

volume fractions of the B2 phase were *44% for

Fe30Ni20Mn35Al15 [1], consistent with this observation

[18]. Thall and Chalmers [20] reported discontinuous and

enclosed Si lamellae in rapidly cooled Al–Si. They sug-

gested that the latent heat and/or thermal conductivity

between the Al and Si phases were considerably different.

A local temperature difference in the liquid was produced

and, as a consequence, the Al phase grew faster than the Si

Fig. 5 Stress of drop-cast specimens as a function of temperature.

The yield stresses of Fe50Al50 [13] and Ni48.9Al51.1 [14] are plotted

for comparison

Fig. 6 Bright-field micrographs of drop-cast specimens compressed at a 300 K, b 600 K, and c 900 K. At room temperature the B2 lamellae did

not appear to undergo plastic deformation, whereas at 600 and 900 K a few dislocations were observed in the B2 lamellae
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phase. The protruding Al lamellae in turn tend to grow over

the Si lamellae. This explanation, however, does not

account for the morphology in the present study, because

the fcc and B2 phases were enclosed by each other. An

alternative mechanism was postulated by Croker et al. [19]

after directionally solidifying eutectic Bi–Pb2Bi produced

at different growth rate (10-4 to 10-2 mm/s). The alloy

changed from a cellular structure at low growth rate to a

discrete structure at high growth rate. They attributed the

morphology change to the competition of the heat with-

drawal along the longitudinal direction and constitutional

supercooling along the lateral direction [19].

As noted earlier, the yield stress of a lamellar structure

can generally be described by the Hall–Petch-type rela-

tionship [8]:

r ¼ r0 þ kk�1=2 ð2Þ

where r is yield stress, r0 is friction stress, and k is a

constant. Equation 2 can also be extended to hardness data.

Huang et al. [6] examined the hardness of Nb, B, and W

doped Ti–Al with controlled lamellar spacing. The hard-

ness was *285 VPN when k = 2.48 lm and increased to

*310 VPN with k = 2.07 lm. Elwazri et al. [21] reported

that this relationship also applied to hypereutectoid steel

based on 12 measurements with the lamellar spacing ran-

ged from 0.11 to 0.22 lm. However, the use of this

equation often leads to a negative friction stress in steels

[22]. In order to avoid the non-physical value, modification

of Eq. 2 by changing the exponent from -0.5 to -1, has

been suggested [22, 23].

For Fe30Ni20Mn35Al15, the yield strength of the drop-

cast alloy with the finer structure was clearly higher than

that of directionally solidified alloy, a tendency also

apparent in the Vickers hardness data. As discussed else-

where [2], plastic deformation took place solely within the

fcc phase. It is therefore reasonable to relate the hardness to

the fcc lamellae width. The hardness is plotted as function

of both k-1/2 and k-1 in Fig. 7. Both plots give physically

real (positive) values for the intercept, and the residual sum

of square fitting with k-1/2 is 318, whereas the residual sum

of square fitting with k-1 is 1802. Thus, the Hall-Patch

relationship with an exponent of -0.5 appears to fit the

experimental data better.

Orientation relationships

While the Kurdjumov–Sachs orientation relationship is

frequently observed in many bcc–fcc compounds, the two

orientation relationships observed in the arc-melted speci-

mens are less understood. The superimposed stereographic

projections of these two relationships are plotted in Fig. 8.

The traces of B2 ½10�1�; ½�1�10�; ½121�; ½1�1�2� are shown in

Fig. 8a and the traces of B2 111½ �; ½11�1�; ½�11�1�; ½�111� are

shown in Fig. 8b. The {111} close-packed-planes of the

fcc phase are not aligned with the {110} close-packed

plane of the B2 phase for either of the two orientation

relationships. The misorientation between the phases is

larger than those of Kurdjumov–Sachs and Nishiyama–

Wassermann orientation relationships commonly seen in

fcc–bcc compounds [24]. The relatively faster cooling rate

during the arc-melting may be the reason for the large

mismatch between the orientations of the phases.

It is of interest to understand the impact of the orien-

tation relationship change on the mechanical behavior.

Consider a group of dislocations in the fcc phase piling up

at the interface, as illustrated in Fig. 9 (adapted from Smith

and Barnby [25]). The local shear stress in the B2 phase

induced by the dislocation pile-up is given by [25, 26]:

Fig. 7 Vickers hardness as a function of a k-1/2 and b k-1, where k is

the fcc lamellar spacing
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s ¼ rE

d

r

� �0:5
2 cos 3/=2ð Þ þ sin /ð Þ sin /=2ð Þ

2
ð3Þ

where d is the length of pile-up group, r is the distance

from the leading dislocation to the point of interest in the

B2 phase, / is the angle between the incoming and out-

going slip vectors on either side of the interface. The

effective stress rE is the net shear stress exerted on a dis-

location in the fcc structure, which is equal to the applied

shear stress on the slip plane (ra) subtracted by the friction

stress (rf), i.e., rE = ra - rf.

To create a dislocation in the B2 phase, s has to exceed

the critical resolved shear stress on the slip plane. From

Eq. 1, s depends on the angle / given by the geometric

factor F ¼ 2 cos 3/=2ð Þþsin /ð Þ sin /=2ð Þ
2

. At / = 0�, i.e., the situ-

ation for the Kurdjumov–Sachs relationship, the geometric

factor has a maximum value of 1.0. s decreases with

increasing /. As the slip vectors in the fcc phases (h110i)
and in the B2 phase (h111i) are known, the angles between

the slip vectors can be calculated. Table 2 lists the angles

between all h110i slip vectors in the fcc phase and the

nearest h111i slip vectors in the B2 phase for the two

orientation relationships found in this study. The geometric

factors F are also calculated. It is evident that the smallest

angle between the slip vectors in the fcc and B2 phases is

for the case when fcc �112ð Þ==B2 011ð Þ; fcc 1�11½ �==B2 1�11½ �
and is *19�. The corresponding geometry factor F is

* 0.91. For the orientation relationship fcc 0�11ð Þ==B2

001ð Þ; fcc 011½ �==B2 �1�10½ �, the smallest angle is *30�,

when the F is *0.77. It has been suggested, based on

experimental observations, that / should be smaller than

15� to allow direct slip transfer between the phases

[27, 28]. Thus, the orientation relationship in arc-melted

Fe30Ni20Mn35Al15 is one of the factors that hinder direct

slip transfer from the fcc phase to the B2 phase. This is in

sharp contrast to the frequent dislocation transmission

between the fcc and B2 phases in Ni50Al20Fe30 [31, 32],

where the slip transfer is favored by the large geometric

factor of 1.0 [29].

Temperature dependence of the mechanical properties

The microstructure of the drop-cast alloy was stable at

temperatures up to 1000 K: TEM images of specimens

strained at up to 1000 K, showed no evidence of lamellar

coarsening. This stability below the melting point of

Fe30Ni20Mn35Al15 is similar to observations on some other

eutectic alloys including Al–Cu and Al–Ni [30]. Raman-

ujan et al. [4] also reported that boron-modified Ti–47Al

showed little change in microstructure after ageing at

Fig. 8 Superimposed stereographic projections of the B2 and fcc

phases in arc-melted Fe30Ni20Mn35Al15. a fcc �112ð Þ==B2 011ð Þ and

fcc 1�11½ �==B2 1�11½ � and b fcc 0�11ð Þ==B2 001ð Þ; fcc 011½ �==B2 �1�10½ �.

The poles marked by cross with underlined indices represent the

ones in the fcc phase, while those in the B2 phase are marked by open
circles

Fig. 9 Schematic of the local stresses in the B2 phase caused by

dislocation pile-up at the phase boundary within the fcc phase.

Adapted from Smith and Barnby [25]
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1073 K for 168 h. Fuchs examined the effect of homoge-

nizing temperature on the Ti–48Al–2Nb–2Cr and found

that at 1473 K no significant change occurred [31]. The

resistance to coarsening and spheroidizing of the constit-

uent phases makes eutectic/eutectoid alloys potentially

valuable in high temperature applications [30].

The yield stress was roughly constant from room

temperature to 600 K. In this stage, the B2 lamellae are

hard and act as obstacles to dislocation motion. The yield

stress decreased rapidly between 600 and 1000 K, a fea-

ture observed in many B2 ordered intermetallic com-

pounds above 0.45 Tm [32]. Based on the TEM

observations the lamellar spacing and orientation rela-

tionship was quite stable in this temperature range. The

B2 phases experienced a brittle–ductile transition and

showed some plasticity. The reduced dislocation impedi-

ment capability by the B2 lamellae is presumably one of

the reasons for the substantial drop of the yield stress

above 600 K.

Conclusions

The lamellar structure of the Fe30Ni20Mn35Al15 two-phase

B2/fcc eutectic alloy can be modified by cooling from

above the eutectic point at different rates. With increased

cooling rate, the lamellar size decreased from a few

microns in a directionally solidified alloy to *100 nm in a

quenched alloy. Correspondingly, the hardness increased,

obeying a Hall–Petch-type relationship with the width of

the fcc lamellae. While a drop-cast alloy had a Kurdjumov–

Sachs orientation relationship, the orientation relationship

changed to fcc �112ð Þ==B2 011ð Þ; fcc 1�11½ �==B2 1�11½ � or

fcc 0�11ð Þ==B2 001ð Þ; fcc 011½ �==B2 �1�10½ � in the specimens

produced by arc-melting which had a faster cooling rate.

The alloy experiences a significant decrease in yield

strength above 600 K presumably due to the softening of

the B2 phase.
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