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A B S T R A C T

The deformation behavior of B1-type stoichiometric TiC and off-stoichiometric (Ti0.96, Mo0.04)C0.67 was inves
tigated by micropillar compression test utilizing an in situ scanning electron microscope. The yield stress of 
(Ti0.96, Mo0.04)C0.67 was found to be sufficiently lower than that of the stoichiometric TiC. In addition, the 
{001}<110>, {110}<110>, and {111}<110> slip systems were identified to be active during the plastic 
deformation of (Ti0.96, Mo0.04)C0.67. The critical resolved shear stresses of these slip systems decreased in the 
following order: {110}<110> (5.6 GPa), {001}<110> (5.0 GPa), and {111}<110> (4.4 GPa). In contrast to the 
stoichiometric TiC, which underwent complete fracture at a relatively early stage of deformation, (Ti0.96, Mo0.04) 
C0.67 deformed under >10 % plastic strain without fracturing, with crack preferentially initiating along the {001} 
plane. The findings demonstrate that the off-stoichiometry of (Ti0.96, Mo0.04)C0.67 improves plastic deformability 
and has a suppressive effect on crack propagation. The enhanced deformability may be attributed to the 
significantly reduced shear modulus caused by off-stoichiometry.

1. Introduction

B1-type MX compounds are composed of a transition metal at the M 
site and a nonmetallic element at the X site. Although the atomic ar
rangements of both sites are identical to those observed in the face- 
centered cubic (FCC) structure, the M and X sites are shifted in the [1/ 
2 0 0] direction. Titanium carbide (TiC) is a hard material with a high 
melting point (3067◦C) and a low density (4.93 g/cm3), rendering it a 
promising strengthening phase for use in high-temperature materials 
[1–4]. Consequently, carbides are used as coatings for tool steels and as 
hardening phases in cermets [2,5–9]. However, TiC has a relatively low 
fracture toughness of ~3 MPa(m)1/2 at room temperature [10,11]. In 
particular, when the B1-type TiC in phase equilibrium with the metallic 
phase is close to the stoichiometric composition, such as in the case of 
Fe-Ti-C ternary alloys, the ductility of the alloy decreases with an 
increasing TiC volume fraction [12]. These properties therefore limit the 
application range of B1-type MX compounds.

Previous studies have shown that the cleavage fracture plane of B1- 
type TiC is the {001} plane [13,14] owing to its low surface energy [15,

16]. In terms of the deformation of B1-type MC carbides at room tem
perature, it has been described that group IV transition metal carbides 
exhibit high strength and hardness characteristics, but a low ductility, 
leading to the {110}[110] slip system being the most active [17–19]. In 
contrast, the group V transition metal carbides are more ductile, with the 
{111}[110] slip system being more active [17–22]. By combining group 
IV and V elements at the M site, it is possible to obtain {110}[110] and 
{111}[110] slip systems, thereby enhancing both the ductility and the 
strength [23].

For the B1-type TiC that is in equilibrium with the metallic phase, a 
sufficiently large degree of off-stoichiometry can exist. In the case of off- 
stoichiometric TiC, various metallic elements (M) substitute at the Ti 
site, whereas several nonmetallic elements (X), including nitrogen and 
oxygen, substitute at the C site. This leads to structural vacancies and the 
generation of a (Ti, M)Xx compounds. Such off-stoichiometry alters the 
physical properties of the material, and the defect structure, phase sta
bility, and elastic modulus of (Ti, M)Xx have been investigated [24–30]. 
Additionally, changes in binding energy and band structure of 
off-stoichiometric TiXx have been reported [31,32], and the properties 
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and structures of multicomponent B1-type MX compounds with [33–35] 
and without [36–41] vacancies have been investigated using ab initio 
calculations and experiments. Furthermore, the phase equilibria be
tween the metal solid solution phase and TiC and the elastic properties 
of (Ti, Mo)Cx in the Mo-Ti-C ternary system have also been examined 
[42,43]. Based on the classical Pugh and Pettifor criteria, which are 
commonly employed by metallurgists to predict whether a material is 
brittle or ductile, (Ti, Mo)Cx may exhibit enhanced ductility owing to 
off-stoichiometry [44,45].

TiC is generally prepared using methods such as hot pressing, hot 
isostatic pressing, self-combustion synthesis, and discharge plasma sin
tering. However, these processes inevitably lead to the formation of 
voids and compositional changes during sample preparation [46]. 
Consequently, accurate evaluation of the mechanical properties of bulk 
TiC remains challenging.

In this study, the deformation behavior of B1-type (Ti, Mo)Cx were 
investigated using micropillar compression test on alloys prepared via 
the arc melting technique, which minimizes void formation. Since the 
phase equilibria in the Mo-Ti-C ternary system are well established, the 
composition of (Ti, Mo)Cx can be precisely controlled by equilibrating 
the alloy [42].

2. Experimental

The compositions of the samples employed in the current study were 
Mo-46.8 %Ti-5.0 %C and Ti-50 %C. All compositions are expressed as 
atomic percentages unless otherwise noted. The raw materials were pure 
Mo (99.99 wt %), pure Ti (99.9 wt %), and pure TiC powder (99 wt %). 
The Mo-46.8Ti-5.0C alloy was melted using an arc-melting technique to 
produce an ingot of ~10 cm3. Each ingot was melted five times and was 
turned over after each time to avoid segregation. To reach phase equi
libria, heat treatment was carried out at 1800◦C for 72 h in an Ar at
mosphere. It has been previously reported that at a temperature of 
1800◦C, Mo-46.8Ti-5.0C is in equilibrium with a Mo solid solution and 
(Mo0.04, Ti0.96)C0.67 [42]. In addition, the Ti-50C alloy was fabricated by 
spark plasma sintering (SPS) at 1650◦C and 65 MPa for 10 min using 
pure TiC powders. The microstructure was observed by field-emission 
(FE) scanning electron microscopy (SEM). A focused ion beam (FIB) 
was employed to fabricate the micropillar compression test specimens, 
and electron backscatter diffraction (EBSD) was used to measure the 
orientation of the micropillar compression test specimens. The 

dimensions of the micropillar compression test specimens were 1 μm × 1 
μm × 2 μm, and their compression orientations were <001>, <011>, 
and <111>. Deformation of the micropillar compression test piece was 
measured on a PI 89 system (Bruker Hysitron) attached to the SEM. A 
diamond flat-punch indenter was used for the compression tests with a 
strain rate of 2 × 10− 4 s− 1. Alignment of the center axes of the indenter 
and the specimen was confirmed by ensuring that the curve returned to 
its original state after unloading and subsequent reloading during the 
deformation process. The stress–strain curve was plotted based on the 
load and displacement measured from the micropillar compression test 
and the dimensions of the test piece before testing. The yield stress was 
defined as 0.2 % proof stress, calculated from the slope of the linear 
portion of the stress–strain curve, which is defined as the elastic region.

3. Results and discussion

3.1. Microstructure

Fig. 1 shows isothermal cross-section of the Mo-Ti-C ternary system 
at 1800◦C [42], together with the scanning electron images (SEIs) of the 
corresponding specimens. As shown in Fig. 1(b), Ti-50C is composed of 
stoichiometric equiaxed TiC grains with a grain size of ~10 μm. How
ever, numerous voids measuring a few micrometers in size are also 
evident, which may have formed during sample preparation. These re
sults suggest the possibility of fabricating micropillar compression 
specimen while avoiding void generation. In contrast, the 
Mo-46.8Ti-5.0C was composed of Mo solid solution and (Mo0.04, Ti0.96) 
C0.67 with grain sizes of ~10 μm (Fig. 1(c)). No voids were observed in 
the (Mo0.04, Ti0.96)C0.67 grains, which were sufficiently large to fabricate 
micropillar compression specimen.

3.2. Micropillar compression test

Fig. 2 illustrates the stress–strain curves derived from the micropillar 
compression tests conducted on the stoichiometric TiC. In all curves, the 
stress exhibited a gradual increase immediately after loading, followed 
by a linear increase owing to elastic deformation, and then a gradual 
increase owing to plastic deformation. The slow increase immediately 
after loading may be attributed to the fact that the indenter and spec
imen surfaces were not in complete contact. In the <001> compression 
direction, the stress was significantly lower than that observed in the 

Fig. 1. (a) Isothermal section of the Mo-Ti-C ternary system at 1800 ◦C, and (b, c) SEIs of the samples [42].
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<011> and <111> directions, implying that cracks may form even 
during the elastic deformation stage. In the <111> compression direc
tion, the slope of the curve during plastic deformation exhibited a 
negative value immediately after plastic deformation. This can be 
attributed to the cracking that occurs during the early stages of plastic 
deformation. Conversely, no such phenomenon was observed for the 
<011> compression direction; instead, fracture occurred at a relatively 
early stage of plastic deformation (Fig. 2 (b)). Based on the results ob
tained for the <011> and <111> compression orientations, the yield 
stress of the stoichiometric TiC was determined to be ≥20 GPa.

Fig. 3 shows the stress–strain curve of (Ti0.96, Mo0.04)C0.67 obtained 
from the micropillar compression test (001) in the <001> compression 
direction. The SEI of the specimen recorded in situ is also shown, 
wherein the sides of the specimen were oriented along the (100) and 
(010) planes. As observed in the case of TiC, the stress exhibited a 
gradual increase immediately after loading, followed by a linear in
crease owing to elastic deformation, and then a gradual increase owing 
to plastic deformation. The slopes of the unloading process within the 
elastic deformation range, the loading process within the elastic defor
mation range, and the unloading process within the plastic deformation 
range differed slightly from one another. This may be attributed to 
incomplete contact between the indenter and the specimen surface, as 
well as a slight offset between the center axes of the indenter and the 
specimen. Prior to performing these measurements, the surface of the 
specimen was observed to be smooth (Fig. 3(b)), and the smoothness 
was retained during the elastic deformation phase (Fig. 3(c)). In 
contrast, the formation of slip lines was evident on the (100) plane after 
the onset of plastic deformation (Fig. 3(d)). Moreover, a comparison of 
the specimen sizes before and after the measurements (see Figs. 3(b) and 
3(e)) indicated that plastic strain was introduced, and the degree of 
plastic strain was consistent with that observed in the stress–strain 

curve. Notably, this result confirms the occurrence of plastic deforma
tion in (Ti0.96, Mo0.04)C0.67.

As shown in Fig. 3(f), the slip line on the (010) plane of the specimen 
side fell along the [100] direction, and the angle between the slip line on 
the (100) plane and the [001] direction was ~45◦ Consequently, the slip 
line on the (100) plane was determined to fall along the [011] direction 
(Fig. 3(g)), indicating that dislocation was active in the (011) plane 
(Figs. 3(f) and 3(g)). Furthermore, the slip line on the (010) plane of the 
specimen side exhibited a step owing to deformation, suggesting that the 
dislocation glided in the [011] direction (Fig. 3(g)). This is consistent 
with previously reported results [17–23], as well as the fact that the 
[011] direction is the closest packing direction in the B1-type structure. 
These results indicate that the {110}<110> slip system was active 
during the plastic deformation of (Ti0.96, Mo0.04)C0.67 along the [001] 
compression direction.

Fig. 4 shows the stress–strain curves obtained from the micropillar 
compression tests using (Ti0.96, Mo0.04)C0.67 in the <001>, <011>, and 
<111> compression directions. The SEIs of the specimens after testing 
are also presented. In the 001–B and 001–C compression directions, 
equivalent Young’s moduli, yield stresses, and the slope of the curve 
during plastic deformation were obtained even when the strain was 
increased compared to the 001–A compression direction, as illustrated 
in Fig. 3. Furthermore, in the <011> compression direction, similar 
Young’s moduli, yield stresses were obtained in all three tests (Fig. 4(b)); 
the same trend was also observed in the <111> compression direction. 
However, 111-A and 111-C compressive directions exhibited negative 
slope of the curve during plastic deformation, which can be attributed to 
the formation of cracks during plastic deformation (Fig. 4(c)).

Subsequently, the elastic and plastic deformation behaviors of 
(Ti0.96, Mo0.04)C0.67 were investigated in all three compression di
rections. More specifically, in the <001> compression direction, dislo
cations were active on the (011) plane, even when the specimen sides 
constituted the (110) and (110) planes (Figs. 4(d) and 4(e)). Although 
the slip direction could not be identified precisely in this case, it is likely 
correlated with the [011] direction since the slip plane included the 
[011] direction, and the entire specimen deformed in the [011] direc
tion. Therefore, the slip system was determined to be {110}<110>. In 
the <011> compression direction with specimen sides corresponding to 
the (100) and (011) planes, the slip line on the (100) side face was 
oriented in the [011] direction (Fig. 4(f) and (g)). The angle between the 
slip lines on the side of the specimen in the (011) and [011] directions 
was determined to be ~55◦, indicating that the slip line is in the [211] 
direction. These observations indicate that dislocations were active on 
the (111) plane. Considering that deformation steps were observed on 
all specimen sides and that both [101] and [110] were included in the 
slip plane, it can be inferred that the slip direction was <110>. There
fore, the slip system along the [011] compression direction was deter
mined to be {111}<110>. When the diagonal lines of the basal plane 
were oriented in the [110] and [112] directions in the <111>
compression direction (Figs. 4(h) and 4(i)), the angles formed by the 
trace of the slip plane and the <111> direction were equal on both sides. 
Therefore, (100) was identified as the slip plane based on the angle 
between the slip and (111) planes. As the entire specimen appeared to 
deform in the <110> direction, which was included in the slip plane, the 
slip direction was inferred to be <110>. Therefore, the active slip sys
tem in the <111> compression direction was determined to be {001}<
110>.

Table 1 summarizes the results of the micropillar compression tests 
performed on the (Ti0.96, Mo0.04)C0.67 specimen, wherein the critical 
resolved shear stress (CRSS) was calculated using the experimentally 
obtained compression direction, slip system, and yield stress. In all 
compression orientations, the yield stress of (Ti0.96, Mo0.04)C0.67 was 
significantly lower than that of TiC (≥20 GPa), exhibiting a larger plastic 
strain without fracture. This indicates that (Ti0.96, Mo0.04)C0.67 exhibits 

Fig. 2. Stress–strain curves of the stoichiometric TiC obtained from micropillar 
compression tests along the <001>, <011>, and <111> compression di
rections (a), and the fractured specimen after testing along the <011>
compression direction (b).

Fig. 3. (a) Stress–strain curve of (Ti0.96, Mo0.04)C0.67 (001-A) obtained from the 
micropillar compression test along the <001> compression direction, and (b–e) 
SEIs of the specimen during in situ observations. (f) SEIs of the specimen after 
the test, (h) Stereographic analysis of the slip lines.
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superior deformability owing to its off-stoichiometry. The CRSS of each 
slip system decreased in the following order: {110}<110> (5.6 GPa), 
{001}<110> (5.0 GPa), and {111}<110> (4.4 GPa).

In TiC, only the {110}<110> slip system is active at room temper
ature, resulting in brittle behavior. However, at high temperatures, the 
{111}<110> slip system also becomes active, leading to ductile 
behavior [21,22]. For the (Ti0.96, Mo0.04)C0.67 specimen, {001}<110>, 
{110}<110>, and {111}<110> slip systems were identified at room 
temperature, and the material exhibited ductile behavior.

The activation of these slip systems was further validated using the 
Schmid factor. Table 2 shows the Schmid factors calculated from the 
observed compression direction and the slip system, as well as from the 
normal stress calculated using the CRSS for each slip system measured in 
the micropillar test. The normal stress for the dislocations to glide in the 
slip system was estimated by dividing the average experimental CRSS 
value (Table 1) by the Schmid factor. The slip system with the lowest 
normal stress should be active. The slip systems with the lowest normal 
stresses in the <011> and <111> compression directions were {111}<
110> and {001}<110> slip systems, respectively, consistent with the 
experimental results. In the [001] direction, the calculated normal 
stresses of the {110} and {111} slip systems were almost identical, 
although the latter system exhibited slightly lower values. This obser
vation contrasts with the experimental results. Two possible reasons for 
this discrepancy are experimental error and the assumption that the 
CRSS of each slip system is independent of the orientation. However, in 
terms of the Schmid factor, the activation of slip systems observed in the 
micropillar compression test was reasonable.

Fig. 5 shows the SEIs of the test specimens after the micropillar 
compression tests. In the <001> compression direction, no cracks were 
observed, even when 20 % plastic strain was introduced (Figs. 5(a) and 5 
(b)). In the <011> compression direction, no cracks were observed, 
even when ~10 % plastic strain was introduced in the 011-B direction 
(Fig. 5(c)). However, in the case of the 011-C compression direction, 

Fig. 4. (a–c) Stress–strain curves of the (Ti0.96, Mo0.04)C0.67 specimen obtained from the micropillar compression test along the <001>, <011>, and <111>
compression directions. (d, f, h) SEIs of the specimens after the test, and (e, g, i) Corresponding stereographic analyses of the slip lines. The pillar names are shown 
along the stress–strain curves.

Table 1 
Compression directions, slip systems, yield stresses, and CRSS data obtained 
from the micropillar compression tests of the (Ti0. 96, Mo0.04)C0.67 specimen.

Pillar 
name

Compression 
direction

Slip system Yield stress 
(GPa)

CRSS 
(GPa)

​ 001-A <1 7 29> {110}<
110>

11.6 5.5
​ 001-B <1 1 33> 11.8 5.9
​ 001-C <1 1 12> 11.3 5.5
​ 011-A <0 11 12> {111}<

110>
10.2 4.3

​ 011-B <0 10 11> 11.2 4.8
​ 011-C <1 19 20> 10.1 4.2
​ 111-A <13 15 116> {001}<

110>
10.6 5.2

​ 111-B <10 10 11> 9.7 4.7

Table 2 
Schmid factors for the slip systems of (Ti0.96, Mo0.04)C0.67, and the corresponding stresses required to initiate plastic deformation. The slip systems indicated by bold 
numbers were active in the micropillar compression tests.

Compression 
direction

Slip system

{001}<110> {110}<110> {111}<110>

Schmid 
factor

Calculated normal 
stress 
(GPa)

Schmid 
factor

Calculated normal 
stress 
(GPa)

Schmid 
factor

Calculated normal 
stress 
(GPa)

​ 001 ​ 0 ∞ ​ 0.5 11.2 ​ 0.41 10.7 ​ ​
​ 011 ​ 0.35 14.3 ​ 0.25 22.4 ​ 0.41 10.7 ​ ​
​ 111 ​ 0.47 10.6 ​ 0 ∞ ​ 0.27 16.3 ​ ​
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where a plastic strain of up to ~20 % was introduced, crack initiation 
was observed parallel to the {001} plane (Fig. 6(d)). Furthermore, 
cracks were observed on the {001} plane in the <111> compression 
direction at a lower strain level than those in the <001> and <011>
compression directions (Figs. 5(e)). Consequently, as in the case of the 
stoichiometric TiC, the cleavage fracture plane of (Ti0.96, Mo0.04)C0.67 
was also identified as the {001} plane [13,14]. Notably, in the <111>
compression direction, because the {001} plane is both a cleavage plane 
and a slip plane, cracks can form upon the application of lower strains 
compared to those required in the other compression directions.

3.3. Effect of off-stoichiometry on deformation in TiC in Mo-Ti-C ternary 
system

In contrast to stoichiometric TiC, which exhibited complete fracture 
at a relatively early stage of deformation, (Ti0.96, Mo0.04)C0.67 deformed 
under >10 % plastic strain without fracture. This indicates that the 
plastic deformability of (Ti0.96, Mo0.04)C0.67 was enhanced because of 
off-stoichiometry. The yield stress of (Ti0.96, Mo0.04)C0.67 was signifi
cantly lower than that of the stoichiometric TiC. The reduction in yield 
stress could contribute to the improvement of plastic deformability and 
the suppression effect of crack propagation. In addition, the {001}<
110>, {011}<110>, and {111}<110> slip systems were activated 
during the plastic deformation of (Ti0.96, Mo0.04)C0.67, and the CRSS 
values of these slip systems decreased in the following order: {110}<
110> (5.6 GPa), {001}<110> (5.0 GPa), and {111}<110> (4.4 GPa).

The ease of dislocation gliding was correlated with the Peierls stress, 
which is defined as the shear stress required to glide a dislocation. More 
specifically, the Peierls stress (τp) was calculated using the following 
equation [47–49]: 

τp =
2G

(1 − ν) exp
[

−
πh

(1 − ν)b

]

(1) 

where G is the shear modulus, ν is the Poisson’s ratio, h is the spacing of 
the glide plane, and b is the magnitude of the Burgers vector. Table 3
summarizes the calculated τp for each slip system of TiC and (Ti0.96, 
Mo0.04)C0.67. Notably, the results obtained for the [001] compression 
direction in TiC were not included in the analysis because a large 
number of cracks were present. The Poisson’s ratio was assumed to be 
orientation-independent, and the results from a previous study were 
used as reference [43]. The shear modulus for each direction was 
calculated from the average Young’s modulus (obtained from the 
micropillar compression test) and the Poisson’s ratio, assuming an 
isotropic elastic body. The calculated τp value of (Ti0.96, Mo0.04)C0.67 was 
significantly lower than that of TiC, consistent with the experimental 
results, indicating a notable decrease in the yield stress due to the 
off-stoichiometry of (Ti0.96, Mo0.04)C0.67. Therefore, the decrease in 
shear modulus is the primary factor contributing to the reduction in 
yield stress, the improvement in plastic deformability, and the sup
pression of crack propagation.

However, the τp of (Ti0.96, Mo0.04)C0.67 on the {111}<110> slip 
system was higher than those of the other slip systems, which is 
inconsistent with the experimental results, wherein the lowest CRSS was 
observed for the {111}<110> slip system. Although the (111) plane of 
B1-type TiC is composed of alternating layers of Ti and C, vacancy-rich 
TiC forms a vacancy-ordered structure, such as the R3m-type ordered 
structure, in which the C layer of the (111) plane in the B1-type structure 
is replaced with alternating C and vacancy layers [50–52]. Previously, 
Tsurekawa et al. reported that TiC0.59 forms an R3m-type ordered 
structure [52], wherein the atomic plane spacing on the (111) plane of 
Ti, sandwiched between layers composed of vacancies only, was twice 
that of the B1-type structure. These results suggest that the dislocations 
in (Ti0.96, Mo0.04)C0.67 glide along the {111} slip plane of the R3m-type 
ordered structure, resulting in the lowest τp value. Although this 
calculation involves several assumptions, the calculated slip system 

Fig. 5. SEIs of the (Ti0. 96, Mo0.04)C0.67 specimen after the micropillar compression tests along the (a, b) 001-C, (c) 011-B, (d) 011-C, and (e) 111-A compression 
directions. The images shown in panels (c) and (e) correspond to the rear sides of the samples in Figs. 4(f) and 4(h), respectively.

Table 3 
Calculated Peierls stresses for the TiC and (Ti0.96, Mo0.04)C0.67 specimens along each slip system. The values of the elements used in the calculation are also 
summarized.

Slip system Young’s modulus in the normal 
direction of the slip plane (GPa)

Shear modulus in the normal 
direction of the slip plane (GPa)

Poisson’s 
ratio

Interplanar distance of 
the slip plane

Peierls stress 
(GPa)

​ {110}<110> in TiC 342 141 0.21 ̅̅̅
2

√
/4a 48.8 ​

​ {111}<110> in TiC 320 132 0.21 ̅̅̅
3

√
/6a 65.8 ​

​ {001}<110> in (Ti0.96, Mo0.04) 
C0.67

194 77 0.26 1/2a 10.3 ​

​ {110}<110> in (Ti0.96, Mo0.04) 
C0.67

201 80 0.26 ̅̅̅
2

√
/4a 25.8 ​

​ {111}<110> in (Ti0.96, Mo0.04) 
C0.67

216 86 0.26 ̅̅̅
3

√
/6a 40.9 ​

​ {111}<110> in (Ti0.96, Mo0.04) 
C0.67 with ordered structure

216 86 0.26 ̅̅̅
3

√
/3a 7.2 ​
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dependence of τp is consistent with the experimentally measured slip 
system dependence of CRSS. These results demonstrate that the dislo
cations in (Ti0.96, Mo0.04)C0.67 were also able to activate the {111}<
110> and {001}<110> slip systems (in addition to the {110}<110>
slip system) as a result of the significant decrease in τp caused by the 
reduced elastic modulus and the vacancy-ordered structure. Observation 
of the lowest CRSS for the {111}<110> slip system may therefore be 
attributed to the vacancy-ordered structure.

4. Conclusions

In this study, the deformation and fracture behaviors were investi
gated for (Ti0.96, Mo0.04)C0.67, which exists in equilibrium with a Mo 
solid solution and stoichiometric TiC. To investigate the deformation 
behavior, micropillar compression tests utilizing an in situ scanning 
electron microscope were performed. It was found that the yield stress of 
(Ti0.96, Mo0.04)C0.67 was significantly lower than that of the stoichio
metric TiC. In addition, the {001}<110>, {011}<110>, and {111}<
110> slip systems were identified to be active during the plastic 
deformation of (Ti0.96, Mo0.04)C0.67, and the critical resolved shear stress 
values of these slip systems decreased in the following order: {110}<
110> (5.6 GPa), {001}<110> (5.0 GPa), and {111}<110> (4.4 GPa). In 
contrast to the stoichiometric TiC, which exhibited complete fracture at 
a relatively early stage of deformation, (Ti0.96, Mo0.04)C0.67 deformed 
under >10 % plastic strain without fracturing, with cracks preferentially 
initiating along the {001} plane. These results indicate that the off- 
stoichiometry of (Ti0.96, Mo0.04)C0.67 improves plastic deformability 
and has a suppressive effect on crack propagation. The enhanced 
deformability may be attributed to the significantly reduced shear 
modulus caused by off-stoichiometry.
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