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A B S T R A C T

The plastic deformation behavior of a B2-ordered TiCrMo-15Al refractory high-entropy alloy (RHEA) has been 
investigated as a function of crystal orientation and specimen size by micropillar compression at room tem
perature, in an attempt to understand the origin for the brittle behavior of the B2 compound based on the 
identified operative slip systems and dislocation structures. Plastic flow is observed even at room temperature for 
all orientations investigated with the slip direction always being along <1 1 1>. While the slip plane is {1 1 0} in 
a wide orientation range, it is {1 1 2} in the narrow orientation range close to the twinning and anti-twinning 
shear directions. The dislocation structure is characterized by the preference of <1 1 1> screw dislocations, 
strongly indicating that the deformation is controlled by the Peierls mechanism. The < 1 1 1> dislocation is 
found to widely dissociate into two-coupled collinear 1/2<1 1 1> partial dislocations. The anti-phase boundary 
(APB) energy is estimated to be 44 mJ/m2, which is quite low and is considered to be the origin for the pref
erence not only of the <1 1 1> slip direction but also of the {1 1 0} slip plane. The room-temperature brittleness 
is thus concluded not to be caused by the lack of the sufficient number of independent slip systems (von Mises 
criterion).

1. Introduction

High-entropy alloys (HEAs) with the body-centered cubic (BCC) 
structure, also commonly referred to as the refractory high-entropy al
loys (RHEAs) due to their high-melting temperature constituents, have 
garnered significant attention over the past decades owing to their high 
yield strength at elevated temperatures. This makes them a highly 
promising candidates for the next-generation high-temperature struc
tural materials that could potentially replace the existing Ni-based su
peralloys [1–4]. In the quest toward their practical applications, some 
attempts were made in recent years to lower the overall density and 
thereby to enhance the specific strength of RHEAs by incorporating 
lightweight elements such as Al [5–10]. These Al-added RHEAs are 
found, however, to incorporate some other phases such as the B2 (or
dered BCC) phase in many cases due to the reduced BCC phase stability. 
Unfortunately, these B2 phase-containing RHEAs usually suffer from the 
room-temperature brittleness, even when the BCC+B2 two-phase 

microstructure is tuned to mimic the γ+γ’ cuboidal microstructure of 
Ni-based superalloys, such as those found in the Ti-V-Zr-Nb-Ta-Al sys
tem [5,6,8,11]. The room-temperature brittleness of these BCC+B2 
two-phase RHEAs may arise in part from the brittleness of the constit
uent B2 intermetallic phase itself. However, almost nothing is known 
about how and why the B2 intermetallic phase in these RHEAs is brittle 
at room temperature. This is due to the lack of fundamental studies to 
elucidate the deformation mechanisms (such as the operative slip sys
tems and their critical resolved shear stresses (CRSSs)) of the B2 inter
metallic phase.

Since the B2 ordered structure is based on the BCC lattice, the closest- 
packed direction is <1 1 1>, as in the BCC structure. Because of the B2 
ordering, the shortest translation vector along this direction is <1 1 1>, 
twice that (1/2<1 1 1>) for the BCC structure. Slip along <1 1 1> is thus 
carried by the motion of the dislocation with the Burgers vector b =<1 1 
1> on either the {1 1 0} or {1 1 2} slip plane, and the <1 1 1> dislo
cation is known to dissociate into two identical superpartial dislocations 
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with b = 1/2<1 1 1> separated by an antiphase boundary (APB) [12, 
13]. The APB energy is known to increase with the increase in the 
ordering energy among the constituent elements. When the APB energy 
is too high for the above dislocation dissociation to occur, the slip di
rection is considered to change to <0 0 1>, the second closest-packed 
direction as well as the shortest translation vector in the B2 structure 
[12,13]. As there are no stable local mimima in stacking fault energy in 
any slip planes available for the dislocation with b = <0 0 1>, the 
<0 0 1> dislocation is considered to move as a perfect dislocation 
without any dissociation preferentially on the {1 1 0} slip plane. Of 
importance to note is that the <0 0 1> slip vector offers only three in
dependent slip systems, which is not sufficient to satisfy the von Mises 
criterion for general plasticity of polycrystals, unlike the <1 1 1> slip 
vector does. Therefore, the B2 intermetallic compounds (such as NiAl 
[14] and CoTi [15]) that exhibit slip along <0 0 1> are generally brittle 
in polycrystals at room temperature, while those (CuZn [16], FeAl [17], 
and FeCo [18]) that exhibit slip along <1 1 1> are generally ductile. 
This indicates that the identification of slip direction is the first step to (i) 
identify the deformation mechanism of the B2 compounds and (ii) 
thereby to understand why and how the B2 intermetallic phase in these 
RHEAs is brittle at room temperature.

In our previous studies [19,20], we have found that a single-phase 
RHEA with the B2 ordered structure, 85(TiCrMo)-15Al (at%, abbrevi
ated with TiCrMo-15Al) exhibits a yield strength of as high as 1200 MPa 
even at 1073 K but a brittle behavior at room temperature, indicating 
that this B2 single-phase RHEA is a suitable example to investigate the 
brittle issues of the B2 intermetallic phase in many different RHEAs so 
far reported. As no other deformation mechanisms than dislocation slip 
was identified in this compound, we investigate the plastic deformation 
behavior of single crystals of TiCrMo-15Al with the B2 structure as a 
function of crystal orientation and specimen size by micropillar 
compression tests at room temperature, to elucidate the slip and dislo
cation characteristics and thereby one potential contribution for the 
room-temperature brittleness through identifying the operative slip 
systems and their CRSSs. We also evaluate the APB energy from trans
mission electron microscopy (TEM) observations, to discuss the reason 
for the slip direction choice and thereby the reason for the 
room-temperature brittleness.

2. Experimental procedures

Polycrystalline ingots were synthesized through repetitive arc- 
melting the constituent elements, followed by a heat treatment to 
ensure homogeneity and microstructure of the B2 single phase (Fig. 1), 
as detailed in Ref. [19]. The concentrations of Mo, Ti, Cr and Al were 
determined by inductively coupled plasma-optical emission 

spectrometry and carrier gas hot extraction to be 29.5, 27.8, 27.7 and 
15.0 at%, respectively. The concentrations of O and N impurities were 
231 ± 50 and ≤ 0.5 wt.-ppm, respectively. Chemical homogeneity was 
established by a homogenization treatment at 1200 ◦C for 20 h with slow 
furnace cooling at 100 K/h. The initial dislocation density in the 
micropillar specimens is expectedly low. Microstructure observations 
and orientation determination were made with a JEOL JSM-7001FA 
scanning electron microscope (SEM) equipped with an electron back
scatter diffraction (EBSD) system. Single-crystal micropillar specimens 
with a square cross-section having an edge length of 1–10 μm and an 
aspect ratio of 2–3 were prepared with a JEOL JIB-4000 focused ion 
beam (FIB) apparatus at an operating voltage of 30 kV. Five different 
compression-axis orientations shown in Fig. 1 were selected. The 
Schmid factors for the (1 0 1)[1 1 1] slip (m1) and (1 1 0)[0 0 1] slip 
(m2) and their ratio for each orientation are tabulated in Table 1
together with the angle χ between the maximum resolved shear stress 
plane (MRSSP) and (1 0 1) in the ψ-χ relation, which is usually used to 
describe the anisotropic deformation behavior of [1 1 1] slip in BCC 
metals and alloys (ψ is the angle between the actually observed slip 
plane and (1 0 1)) [4,21–23]. For all specimens, [1 1 1], one of the two 
possible slip directions, was set on one of the two orthogonal side sur
faces to facilitate the slip direction determination. Compression tests 
were conducted for micropillar specimens with a flat punch indenter tip 
on an Agilent Technologies Nano Indenter G200 nanomechanical tester 
at room temperature in the displacement-rate-controlled mode at a 
nominal strain rate of 1 × 10− 4 s− 1. Deformation microstructures were 
examined by SEM and transmission electron microscopy (TEM) with a 
JEOL JEM-2000FX electron microscope operated at 200 kV. These foils 

Fig. 1. Backscattered electron (BSE) image (left side) and corresponding energy dispersive x-ray spectroscopy (EDS) maps (right side) of the same field of view. Black 
features are pores related to the Kirkendall effect during homogenization treatment.

Fig. 2. Compression-axis orientations investigated.
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for TEM observations were prepared by a standard FIB lift-out technique 
[24] with a dual-beam FEI Quanta 3D 200i system equipped with an 
OmniProbe manipulator.

3. Results

3.1. Stress-strain curves

Typical stress-strain curves obtained for micropillar specimens with 
[1 1 26], [1 10 20] and [6 7 8] orientations are shown in Fig. 3 for 
some selected specimen sizes (edge length L). Compression tests were 
interrupted at a plastic strain level of 1–2 % for the ease of observations 
of deformation markings. Unlike in the bulk crystal, the present B2 
intermetallic compound exhibits plastic flow even at room temperature. 
The yield stress, defined as the stress at which the first strain burst occurs 
as indicated by arrows in Fig. 3, tends to decrease with increasing 
specimen size for all orientations, although the significance of the 
decrease in yield stress depends on crystal orientation.

3.2. Slip lines

Deformation markings on the specimen surfaces were examined by 
SEM observations made from a direction inclined from the compression- 
axis direction by 30◦, as shown in Fig. 4. For the [6 7 8]-oriented 
specimen (Fig. 4(a)–(c)), while the deformation markings are clearly 
observed perpendicularly to the compression axis on the (203 86 77) 
surface (Fig. 4(c)), those on the (1 14 13) surface are very faint (Fig. 4
(a)). This clearly indicates that [1 1 1] is the slip direction, as this di
rection is set on the (1 14 13) surface. The fact that this orientation is 
the most favored for (1 1 0)[0 0 1] slip over (1 0 1)[1 1 1] slip when 

judged from the m2/m1 in Table 1 strongly indicates that [0 0 1] cannot 
be the slip direction of the present B2 compound for all crystal orien
tations. This is indeed consistent with the results obtained for other 
orientations in Fig. 4. Trace analysis on the two orthogonal side faces 
indicates that the slip plane is (2 1 1), close to the MRSSP plane for this 
orientation. The slip system thus identified for this orientation is (2 1 1) 
[1 1 1].

The slip direction is determined to be exclusively [1 1 1] for all other 
orientations in Fig. 4 similarly from the observations of faint deforma
tion markings on the side surface on which [1 1 1] is set to lie (Fig. 4(d), 

Table 1 
χ angle, Schmid factors for (1 0 1)[1 1 1] slip (m1) and (1 1 0)[0 0 1] slip (m2) 
as well as their ratio for each compression-axis orientation.

compression-axis 
orientation

χ 
angle

Schmid 
factor for 
(1 0 1)[1 
1 1] slip 
(m1)

Schmid factor for (1 1 0) 
[0 0 1] slip (m2)

m2/ 
m1

[6 7 8] 26◦ 0.357 0.493 1.38
[1 2 3] 16◦ 0.467 0.454 0.97
[1 10 20] 2◦ 0.496 0.311 0.63
[0 1 5] − 19◦ 0.471 0.136 0.29
[1 1 26] − 30◦ 0.455 0.054* 0.12

*: Schmid factor is calculated for (1 1 0)[0 0 1] slip instead of (1 1 0)[0 0 1] slip 
because the former exhibits the larger value.

Fig. 3. Typical stress-strain curves for the [1 1 26]-, [1 10 20]-, and 
[6 7 8]-oriented micropillar specimens, respectively. The specimen size (mean 
edge length L) is indicated for each of the curves.

Fig. 4. Slip traces observed on two orthogonal surfaces of micropillar speci
mens with the compression-axis orientations of (a–c) [6 7 8], (d–f) [1 2 3], 
(g–i) [1 10 20], (j–l) [0 1 5], and (m–o) [1 1 26].
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(g), (j) and (m)). The slip planes determined from trace analysis for 
[1 10 20]- and [1 1 26]-oriented specimens are respectively (1 0 1) 
(Fig. 4(g)–(i)) and (1 1 2) (Fig. 4(m)–(o)), both of which are very close 
to their MRSSPs. The slip systems determined to operate for these two 
orientations are thus (1 0 1)[1 1 1] and (1 1 2)[1 1 1], respectively. 
However, the slip plane determined for [1 2 3]- and [0 1 5]-oriented 
specimens is (1 0 1), deviating considerably from their MRSSPs. The 

slip system determined for these two orientations is thus (1 0 1)[1 1 1].

3.3. Dislocation structures

Dislocation structures observed in the deformed [1 10 20]- and 
[6 7 8]-oriented micropillar specimens are shown in Fig. 5(a, c) and 
Figs. (b, d), respectively. These TEM images were taken with thin folis 
cut parallel to the (1 0 1) and (2 1 1) slip planes, respectively. All 

Fig. 5. (a), (b) Dislocation structures in deformed [6 7 8]- and [1 10 20]-oriented micropillar specimens, respectively. These foils were cut parallel to the (1 0 1) 
and (2 1 1) slip planes, respectively. Their magnified WB-DF TEM images are shown respectively in (c), (d). (e), (f) Dissociation widths measured as a function of the 
angle θ between the dislocation Burgers vector and line vector, from which the APB energy on the (1 0 1) and (2 1 1) slip planes are deduced.
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imaged dislocations in both specimens were confirmed to have a Burgers 
vector b = [1 1 1], being consistent with the results of slip trace analysis 
(Fig. 4). The dislocation densities obtained in the present investigation 
are estimated to 1013–1014 m− 2 (assuming the foil thickness of ~100 nm 
as set during FIB machining) regardless of the micropillar orientation 
tested. This indicates the ability of the material to sufficiently generate 
dislocations, by nucleation in the first place and by multiplication in the 
second, even when starting from a dislocation-lean initial condition. A 
characteristic commonly observed for both specimens is that screw 
dislocations dominate in the dislocation structure, connected by short 
edge segments. This clearly indicates that the dislocation motion is 
controlled by the Peierls mechanism via the kink-pair mechanism, as in 
many BCC metals and alloys [21,25,26] and B2 intermetallic com
pounds such as CuZn [27,28] and FeAl [29,30]. Weak-beam dark-field 
(WBDF) imaging reveals that the dislocation with b = [1 1 1] dissociate 
rather widely into two colinear superpartial dislocations with b = 1/2[1 
1 1] separated by an antiphase boundary (APB) (Fig. 4(c) and (d)), as 
described below. 

[1 1 1] → 1/2[1 1 1] + APB + 1/2[1 1 1]                                      (1)

This dissociation scheme is similar observed in B2-AlMo0.5NbTa0.5

TiZr [31]. From the separation distance of the two-coupled superpartial 
dislocations, we can deduce the APB energy (γAPB) on the (1 0 1) and 
(2 1 1) planes with the equation described below [32], 

γAPB =
μb2

2πr

(

cos2θ+
sin2θ
1 − ν

)

(2) 

where μ is the shear modulus, ν is the Poisson’s ratio, θ is the angle 
between the Burgers vector and line vector of the dislocation and r is the 
separation distance between the two-coupled superpartial dislocations. 
As shown in Fig. 5(e) and (f), the APB energies (γAPB) on the (1 0 1) and 
(2 1 1) planes are determined to be 44 and 52 mJ/m2, respectively, 
utilizing the values of μ = 71 GPa and ν = 0.3 obtained from our pre
vious work [20]. Simple theoretical estimation based on pairwise 
interaction energies [13,33] has indicated that in the B2 structure, the 
APB energy associated with the displacement vector of 1/2<1 1 1> is 
the lowest on the {1 1 0} plane and that the APB energy on the {1 1 0} 
plane is lower than that on the {1 1 2} by about 15 % 
(γ{112}

APB /γ{110}
APB =2/

̅̅̅
3

√
). The estimated APB energies on the (1 0 1) and 

(2 1 1) planes in Fig. 5(e) and (f) are consistent with this. The APB 
energies estimated for TiCrMo-15Al are quite low, comparable to those 
reported for CuZn [34–36] and FeAl [37,38] but are considerably lower 
than those reported for NiAl [35,39] and CoAl [39]. The low APB energy 
of TiCrMo-15Al is fully consistent with the occurrence of slip along <1 1 
1> rather than slip along <0 0 1>.

4. Discussion

4.1. Room-temperature brittleness

The above observations clearly prove that the operative slip system 
at room temperature in TiCrMo-15Al is (1 0 1)[1 1 1] for the small |χ| 
angles (<25◦) and is (2 1 1)[1 1 1] for the large |χ| angles (>25◦). By 
contrast, (1 1 0)[0 0 1] (or (1 1 0)[0 0 1]) slip is never operative. This 
strongly suggests that the room-temperature brittleness (limited 
ductility) of the present B2 intermetallic compound is not caused by the 
lack of the sufficient number of independent slip systems (von Mises 
criterion). In fact, B2-Ti2AlNb that deforms by slip on {110}/{112}<
111> is known to be ductile at room temperature [40]. We suspect that 
the room-temperature brittleness is caused by the high brittle-ductile 
transition temperature (BDTT) in view of the preferential alignment of 
<1 1 1> dislocations along the Peierls valley parallel to their screw 
orientations, leading to a low dislocation mobility (Fig. 5). Unfortu
nately, deformation twinning that causes twinning-induced plasticity 

(TWIP) does not occur in the present B2 TiCrMo-15Al, unlike in 
B2-AlNbTaTiVZr [41]. Grain boundary weakness that occurs either 
intrinsically or extrinsically (through environmental enbrittlement) 
cannot be ruled out at present as the cause of the room-temperature 
brittleness. More work is definitely needed to clarify the cause of the 
room-temperature brittleness of the present B2 RHEA.

4.2. Operative slip systems and their CRSSs

The observed orientation-dependent slip planes are plotted in Fig. 6
(a) as a function of the angle χ in the form of the ψ-χ plot. While the 
observed slip plane is close to the MRSSP when χ is very close to 0 and 

± 30◦, it is exactly the (1 0 1) plane considerably deviated from their 
MRSSPs for other χ values (χ = +16 and − 19◦). The exactly same 
behavior is observed for CuZn [42], FeAl [43] and FeCo [44] at room 
temperature. TiCrMo-15Al is thus concluded to prefer {1 1 0} slip over 
{1 1 2} slip as these other B2 compounds do.

In B2 intermetallic compounds with the slip direction <1 1 1>, it is 
natural that slip occurs on {1 1 0} as the APB energy with the 
displacement vector of 1/2<1 1 1> is the lowest on {1 1 0}. However, 
there is a general tendency that slip on {1 1 2}<1 1 1> is increasingly 
preferred to slip on {1 1 0}<1 1 1> at room temperature as the ordering 
energy is increased [45–47]. The ordering energy (Eorder) is known to be 
estimated from the critical temperature for ordering (Tc) with Eorder 
= 0.25kTc (k: Bolzmann constant) [48,49]. For example, CuZn (Tc =

734 K) and FeCo (Tc = 1043 K) exhibit slip on {1 1 0}<1 1 1>, while 
AgMg (Tc = 1093 K) exhibits slip on {1 1 2}<1 1 1>. The Tc of 1237 K 
determined by calorimetry for TiCrMo-15Al [20], may suggest the 
preference for {1 1 2}<1 1 1> slip, if the ordering temperature is simply 
compared with those for the binary B2 compounds listed above. How
ever, the APB energy is also known to be proportional to the ordering 
energy, if formulated with pairwise interaction energies [13]. The APB 
energy on {1 1 0} is determined in TiCrMo-15Al to be as low as 
44 mJ/m2, which is much lower than that (98 mJ/m2 [50]) for AgMg 
and even that (50–83 mJ/m2 [34–36]) for CuZn This may indicate that 
the low APB energy (and thereby the low ordering energy) causes the 
preference of {1 1 0}<1 1 1> slip in TiCrMo-15Al and at the same time, 
the empirical formulation of the ordering energy for binary B2 com
pounds with Eorder = 0.25kTc may not be applicable to the present B2 
RHEA. We suspect the chemical complexity (not simple binary but four 
constituent elements of high concentrations) as well as the expected 
off-stoichiometry are responsible for this.

Values of critical resolved shear stress (CRSS) for (1 0 1)[1 1 1] slip 
are calculated in Fig. 6(b) as a function of specimen size (L) with the 
obtained yield stress and the corresponding Schmid factors for the three 
orientations, [1 10 20] (χ = 2◦), [6 7 8] (χ = 26◦) and [1 1 26] (χ =
-30◦), in Table 1. The CRSS for (1 0 1)[1 1 1] slip tends to decrease as 
the specimen size increases following the inverse power-law relation
ship (CRSS∝L-n) with the power-law exponent, n varying depending on 
crystal orientation. The power-law exponents n for all three orientations 
(0.02, 0.26, and 0.17 for [1 1 26], [1 10 20] and [6 7 8] orientations, 
respectively) are consistent with those (n = 0–0.2) reported in hard and 
brittle materials [51–53]. The CRSS value obtained for micropillar 
specimens of FCC and BCC metals is known to usually approach the 
corresponding bulk value as the specimen size increases to the range of 
20–30 μm [54,55], although the relation between the inverse power-law 
scaling for the specimen-size dependent CRSS and bulk CRSS value has 
often been discussed along different argumentation chains [56–58]. On 
that basis, the bulk CRSS values for (1 0 1)[1 1 1] slip at room tem
perature are estimated to be 772, 426, and 606 MPa, respectively, as 
shown in Fig. 6(c). The Schmid law is not valid for (1 0 1)[1 1 1] slip. 
This is consistent with anisotropy in yield stress (twinning-anti-twinning 
asymmetry) often reported for conventional BCC metals and alloys [21, 
22], in which the CRSS for (1 0 1)[1 1 1] slip is higher for χ = -30◦ (the 
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anti-twinning shear direction) than for χ = 30◦ (the twinning shear 
direction).

4.3. Comparison with other B2 compounds

The expected bulk yield stress values at room temperature deduced 
from the estimated bulk CRSS values multiplied by the Taylor factor M 

= 3.067 (for {1 1 0} slip) and 2.954 (for {1 1 2} slip) [59] are plotted in 
Fig. 7(a) as a function of temperature, together with those obtained for 
bulk polycrystals of TiCrMo-15Al in our previous study [20]. Bulk 
polycrystals of TiCrMo-15Al can be plastically deformed above 673 K, 
exhibiting almost a plateau in yield stress (at a level of 1200–1300 MPa) 
in the temperature range of 673–1073 K. The yield stress at room tem
perature averaged over the three orientations is 1792 MPa. The strain 

Fig. 6. (a) Orientation-dependent observed slip planes shown in the form of the ψ-χ plot. (b) CRSS values for (1 0 1)[1 1 1] slip plotted as a function of specimen size 
(L) calculated with the obtained yield stress and the corresponding Schmid factors for the three orientations, [1 10 20] (χ = 2◦), [6 7 8] (χ = 26◦) and [1 1 26] (χ =
-30◦). (c) Compression-axis orientation dependence of the deduced bulk CRSS.

Fig. 7. (a) The expected bulk yield stress values at room temperature deduced from the estimated bulk CRSS values and the yield stresses obtained for polycrystals at 
high temperatures [20]. (b) Yield stresses normalized to shear modulus for various B2 single-phased compounds [60–63] plotted as a function of homologous 
temperature.

S. Han et al.                                                                                                                                                                                                                                     Journal of Alloys and Compounds 1020 (2025) 179361 

6 



rate (1 × 10− 4 s− 1) used in micropillar compression in the present study 
is an order of magnitude smaller than that (1 × 10− 3 s− 1) used in 
compression for polycrystals in our previous study. The yield stress 
obtained at room temperature in micropillar compression (1792 MPa) 
could be much higher if micropillar compression was made at a strain 
rate of 1 × 10− 3 s− 1. This indicates that the yield stress must be 
increased sharply with decreasing temperature below 673 K that cor
responds to the lowest temperature for plastic flow. The 
room-temperature brittleness may stem from such a sharp increase in 
yield stress at room temperature. This is consistent with the interpre
tation based on the high BDTT, as discussed in the Section 4.1.

Yield stresses normalized to shear modulus for various B2 single- 
phased compounds [60–63] are plotted in Fig. 7(b) as a function of 
homologous temperature. The strain rate used for these measurements 
ranges from 1 × 10− 4 to 2.1 × 10− 4 s− 1. The 50Ti-35Mo-15Al 
high-entropy compound with the B2 structure is reported to exhibit 
<1 1 1> slip, although the slip plane was not unambiguously deter
mined [63]. The normalized yield stresses for the two B2 high-entropy 
compounds, including TiCrMo-15Al are found to be much higher than 
those for the binary B2 compounds such as FeCo, FeAl and CuZn, all of 
which exhibit {1 1 0}<1 1 1> slip at room temperature. This must be 
due to significant solid-solution hardening in the B2 high-entropy 
compounds. These binary B2 compounds exhibit an anomalous in
crease in yield stress peaking at 0.45T/Tm (Tm is the melting tempera
ture). However, this may not be the origin of the room temperature 
brittleness of the present case, as the yield stress is expected to rapidly 
increase with decreasing temperature at room temperature.

5. Conclusions

The plastic deformation behavior of a B2-ordered TiCrMo-15Al 
RHEA was investigated as a function of crystal orientation and specimen 
size by micropillar compression at room temperature. The results ob
tained are summarized as follows.

(1) Plastic flow is observed even at room temperature for all orien
tations investigated. The slip direction is always along <1 1 1>, while 
the slip plane is {1 1 0} in a wide orientation range, except for the large 
|χ| angles close to ± 30◦, where the slip plane is {1 1 2}.

(2) The observed ψ-χ relationship indicates that {1 1 0} is the 
preferred slip plane. Twinning-anti-twinning asymmetry in yield stress 
is clearly observed; the CRSS for (1 0 1)[1 1 1] slip is higher for 
χ = -30◦ (the anti-twinning shear direction) than for χ = 30◦ (the 
twinning shear direction).

(3) The dislocation structure is characterized by the preference for 
<1 1 1> screw dislocations, strongly indicating that the deformation is 
controlled by the Peierls mechanism. The <1 1 1> dislocation is found 
to widely dissociate into two-coupled collinear 1/2<1 1 1> partial 
dislocations. From the dissociation width of the two-coupled super
partial dislocations, the APB energy is estimated to be 44 mJ/m2, which 
is quite low and is considered to be the origin for the preference not only 
of the slip direction of <1 1 1> but also of the slip plane {1 1 0}.

(4) The room-temperature brittleness (limited ductility) of the pre
sent B2 intermetallic compound is considered not to be caused by the 
lack of the sufficient number of independent slip systems (von Mises 
criterion). We suspect that it is caused by the high brittle-ductile tran
sition temperature (BDTT) in view of the preferential alignment of <1 1 
1> dislocations along the Peierls valley parallel to their screw orienta
tions, leading to the low dislocation mobility.
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