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Strips of 99.95 at.% Mo polycrystals annealed at 700 �C as well as the ones annealed and then aged for
6 months at room temperature were deformed in tension at various strain-rates in the range 2.131024 to
4.23 1023 s21 till fracture. It is found that natural aging of the annealed specimens for 6 months leads to
20-30% reduction in the yield stress (YS), 18-22% reduction in the ultimate tensile strength (UTS), and
72-76% reduction in the ductility, i.e. the tensile strain emax corresponding to UTS, depending on the value
of _e in the tensile strain-rate range referred to. Data analysis in terms of the kink-pair nucleation model of
flow stress shows that the reduction in YS of the aged Mo specimens is a consequence of lowering of the
Peierls energy per interatomic spacing along the length of screw-dislocation segments trapped in the Peierls
valleys on the migration of point defects to the dislocation cores during the course of natural aging. The
reduction in UTS and emax is attributed to the variation in the relative contribution of the processes of
dislocation multiplication and annihilation together with the reduction in the Peierls stress of the metal.

Keywords aging, ductility, molybdenum, ultimate tensile
strength, yield stress

1. Introduction

The phenomenon of natural aging is of paramount impor-
tance as far as the performance of engineering materials is
concerned. Relaxation processes occur in both nonmetallic
(e.g., Ref 1-5) as well as metallic (e.g., Ref 6-13) materials
during their prolonged storage at normal conditions and in their
service-life time. This leads to subtle microstructural changes in
the materials, which effect their performance considerably. For
instance, in the case of materials used in electronics and
optoelectronic devices, Golovchak et al. (Ref 1) have recently
investigated the effect long-term physical aging (�20 years) in
vitreous germanium selenides using differential scanning
calorimetry methods. They found that the initial glass structure,
which seems to be homogenous before aging, moves toward
heterogenous one during the long-term natural storage of
GexSe100�x (x< 20) glasses.

Similarly, in well-annealed solid-solution crystals, which are
allowed to age at room temperature for a certain period of time,
deviations from random distribution of solute atoms occur,
which are manifested by a change in the mechanical response of
such crystals (e.g., Ref 6-13). While investigating the concen-
tration dependence of the critical resolved shear stress (CRSS)
of copper single crystals alloyed with 1-14 at.% Al at various

temperatures in the range 4.2-300 K, Demirskiy et al. (Ref 6)
observed that the rate of hardening per solute addition was quite
appreciable for the solute concentrations above 7 at.% Al. They
opined that ‘‘precipitation processes might well develop in
specimens held at room temperature,’’ leading to the observed
rapid rate of hardening. In a similar investigation carried out
with ternary Nb-Hf-W solid-solution crystals, Ruf and Koss
(Ref 7) also noticed a rapid rate of hardening at large solute
concentrations. They attributed it to the nonrandom distribution
of solute atoms rather than the precipitation of a second phase,
not detected by transmission electron microscopy techniques.
Such effects were also observed by Asif and Butt (Ref 4, 5) in
the case of nonmetallic KBr-KCl solid-solution system. To
account for the loss of stress-equivalence in concentrated binary
solid-solutions, Schwink and Wille (Ref 8) argued that it is the
size-misfit factor d = (1/b) (db/dc), where b is the lattice
parameter and c is the solute concentration, which plays a
significant role in the formation of clusters of solute atoms in
solid-solution crystals. The greater the value of d, the smaller the
critical solute concentration, cm, to favor solute interactions for
the onset of clustering or deviation from a statistical distribution
of solute atoms. This view point has recently been confirmed by
Butt et al. (Ref 13) in the case of some copper-based alloy
systems. They have found a strong systematic correlation
between d and cm, while other solution-hardening parameters,
namely modulus mismatch and electron-to-atom ratio, are of no
significance in this regard.

On the other hand, a little work has been done in the case of
nominally pure metals. Literature survey shows that hardening
of aluminum on natural aging is well established over the years,
whereas the effect of natural aging on the stress-relaxation
response at a constant strain (Ref 14) and on the strain-rate
sensitivity of flow stress (Ref 15) in aluminum has been studied
in the recent past. According to Butt and Khwaja (Ref 16), the
migration of point defects, e.g., solid and gaseous residual
impurity atoms, vacancies in above-equilibrium concentration,
etc., to the cores of edge dislocations during natural aging of
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aluminum, seems to pin the edge dislocations and make their
movement rather difficult. This leads to an increase in the yield
stress (YS) of naturally aged aluminum crystals compared with
that of the unaged ones. The ultimate tensile strength (UTS) of
aluminum, however is not effected by natural aging because at
rather large strains pinning effects are completely masked
(Ref 17). Contrary to it, a reduction in the YS and UTS of
molybdenum ð _e ¼ 2:1� 10�3 s�1Þ on natural aging for
6 months has recently been reported by Bashir and Butt
(Ref 18). However, they observed that for a given stress level at
which deformation is interrupted to measure stress relaxation at
a constant strain, the relaxation rate was faster in aged specimen
of Mo compared with that in unaged ones (Ref 18) as was also
reported in the case of Al (Ref 14). Similarly, the reversible
change in the flow stress at which strain-rate is lowered by a
factor of 10, was also found to increase significantly on natural
aging of Mo (Ref 18) like that in Al (Ref 15).

Although the effect of natural aging on the stress
relaxation at constant strain and strain-rate sensitivity of flow
stress of both Al (fcc) and Mo (bcc) is alike over the entire
stress-strain curve, it is in contrast as far as YS and UTS are
concerned. The main objective of this study was therefore to
investigate quantitatively the cause of reduction in these
strength parameters of Mo polycrystals on natural aging. For
this purpose, tensile tests were performed at room temperature
for a range of strain rates. An analytical expression for the
strain-rate dependence of the YS, derived in Ref 19 on the
basis of a kink-pair nucleation model of flow stress in crystals
with high-intrinsic lattice friction (Ref 20), was used to
analyze the YS data. This facilitated the determination of the
values of the kink-pair formation energy for the initiation of
yielding in just annealed and annealed + naturally aged Mo
polycrystals.

2. Theoretical Formulations

Yielding of crystals with high-intrinsic lattice friction occurs
through Peierls mechanism in which stress-assisted, thermally-
activated, nucleation of a kink-pair in (ao/2)<111> screw-
dislocation segment trapped in a Peierls valley facilitates its
forward movement over the Peierls hill to the next Peierls
valley, after attainment of the saddle-point configuration. At
temperatures below 0.1-0.2 Tmelt, where diffusional processes
are dormant in the crystal, the activation energy (free enthalpy),
W(s), for the formation of a kink-pair of critical maximum
height, nb, for saddle-point configuration is given by (Ref 20)

W ¼ 2Wo � 2aos
1=2 ðEq 1Þ

with the yield criterion

W ¼ mkT ; m ¼ ln ð _co= _cÞ ¼ 25� 2:3 ðEq 2Þ

Here Wo = n(UGb3)1/2, ao = (1/2)(nb)3/2 (Gb3)1/2, G is the
shear modulus, U is the Peierls energy per interatomic spacing
along the screw dislocation, 2Wo is the kink-pair formation
energy Wkp at s = 0, k is the Boltzmann constant, _c is the shear
rate of the crystal with typical values in the range 10�3 to
10�5 s�1, and the pre-exponential factor _co is of the order
of 107 s�1.

The critical maximum height, nb, of the kink-pair for
saddle-point configuration, where n is a numerical constant and

b is the length of the Burgers vector, can be at the most equal to
the distance a between two consecutive Peierls valleys. Thus
for two consecutive Peierls valleys along �111½ � direction in bcc
crystals, one finds that when nb = a, the value of n = (a/b) will
be 0.9428, 1.6329, and 2.4945 for (110), (211), and (321) slip
planes, respectively.

An analytical expression for the temperature dependence of
the CRSS s for a given strain-rate _c, readily derivable from
Eq 1 and 2, is as under (Ref 20):

s1=2 ¼ A� BT ðEq 3Þ

where A ¼ðWo=aoÞ ¼ s1=2o ; B ¼ðmk=2aoÞ and so ¼ð4U=nb3Þ:
It is evident from Eq 3 that for a given strain rate (i.e., if m is

constant), s1/2 of crystals with high-intrinsic lattice friction
decreases linearlywith the increase in deformation temperatureT.

Similarly, Eq 3 in conjunction with Eq 2 provides an
analytical expression for the dependence of the CRSS s on
the shear rate _c at a constant temperature T at which
deformation is carried out (Ref 19):

s1=2 ¼ s1=2o � ðkT=2aoÞln _co= _cð Þ ðEq 4Þ

or

s1=2 ¼ C þ D ln _c; ðEq 5Þ

where C and D are positive constants such that

C ¼ s1=2o � D ln _co ðEq 6Þ

and

D ¼ ðkT=2aoÞ ðEq 7Þ

Equation 5 shows that s1/2 increases linearly with the
increase in ln _c such that the slope ½ds1=2=dðln _cÞ� of the
s1=2 � ln _c line fitted to the data at a given temperature T is
equal to D. Since D is directly proportional to T (Eq 7), the
slope ½ds1=2=dðln _cÞ� ¼ D (Eq 5) decreases linearly as T is
lowered such that D = 0 at T fi 0 K. Therefore, the value of
the constant Cð¼ s1=2o � D ln _coÞ should decrease linearly with
the rise in temperature T at which deformation is carried out.

3. Experimental Techniques

The polycrystalline molybdenum used was in the form of
rolled sheet of 0.13 mm thickness. The main metallic impurities
(in at.%) were Fe(0.034), Mn(0.005), Ni(0.005), and Cr(0.004),
and the balance 99.952 at.% was Mo. Specimens, 8 cm long
and 1 cm wide, were cut from the as-received sheet, and were
sealed in a Pyrex glass tube evacuated to 1.3 mPa (10�5 torr).
These were then annealed at 700 �C for 120 min. The tube was
allowed to cool at room temperature before taking out the
specimens. The mean grain-diameter of the annealed specimens
was found to be 37 lm. The etchant used was 70 mL H2O +
20 mL H2O2 (30%) + 10 mL H2SO4. Half of the specimens
were subjected to tensile tests at room temperature just after the
heat treatment, whereas the remaining ones were allowed to age
in air at room temperature for 6 months.

Both annealed and annealed + naturally aged specimens
were deformed in tension at four different strain-rates till
fracture in a Universal Materials Testing Machine (Model 1195
Instron Ltd., UK) at room temperature. Both ends of the
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specimen were held tightly in the wedge-type flat jaws attached
to the upper and lower pull rods of the machine such that the
gauge length of the specimen was 4 cm. The tensile strain-rates
used were _e = 2.1910�4 s�1, 4.29 10�4 s�1, 2.1910�3 s�1,
and 4.29 10�3 s�1 corresponding to the cross-head speeds 0.5,
1, 5, and 10 mm/min, respectively. The chart of the load-time
recorder was driven at a speed of 50 mm/min, and the full-scale
load range used was 2 kN.

4. Results and Discussion

Stress-strain curves were constructed from the load-
extension data in the usual manner. Figure 1 depicts some
typical engineering stress-strain curves in the plastic region,
i.e., excluding the initial linear elastic part, for both unaged
and aged 99.952 at.% Mo polycrystal specimens with mean

grain-diameter 37 lm, deformed at tensile strain-rates: (a) 2.19
10�4 s�1, (b) 4.29 10�4 s�1, (c) 2.1910�3 s�1, and (d) 4.29
10�3 s�1. The tensile stress r for plastic strain e = 0 denotes
the value of the tensile YS. It should be noted that strain scale at
the top is for unaged specimens and that at the bottom is for
aged ones.

4.1 Yield Stress

The stress level on the automatically recorded load-
extension curve just above the point where departure from
the linearity occurred was taken as the tensile YS. The
dependence of tensile YS r on the tensile strain-rate _e has been
illustrated in semi-logarithmic coordinates in Fig. 2. The stars
( , ) denote the values of r for unaged and aged Mo
specimens, respectively, deformed at _e in the range
2.1910�4 s�1 to 4.29 10�3 s�1. Each point denotes an
average value of four independent measurements and error

Fig. 1 Some typical stress-strain curves in the plastic region beyond the elastic limit for 700 �C annealed Mo polycrystals (mean grain-
diameter = 37 lm) deformed at tensile strain-rates (a) 2.1910�4 s�1, (b) 4.29 10�4 s�1, (c) 2.1910�3 s�1, and (d) 4.29 10�3 s�1. Strain scale
at the top is for unaged specimens and that at the bottom is for aged ones
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bars show the range of measured r values. The straight lines
drawn through the data points by least-squares fit are encom-
passed by the relations:

with the linear correlation coefficient r = 0.994 and 0.985,
respectively. The values of r close to 1 indicate an excellent
linear relationship between r and ln _e for each type of
specimens. The tensile YS of Mo polycrystals can be seen to
decrease on natural aging for 6 months by 20-30% in the strain-
range used.

For the purpose of data analysis within the framework of the
kink-pair nucleation model outlined in Section 2, we shall now
obtain shear values of the YS and the strain rate from the tensile
ones using a Taylor factor 1/3, i.e., s = r/3 and _c = 3 _e, and
then proceed further as follows. The circles (�, �) in Fig. 3
denote the values of the square-root of CRSS (s1/2) of Mo
polycrystals as a function of the shear strain-rate _c in semi-
logarithmic coordinates. The empty circles (�) refer to the
unaged Mo specimens, while the filled circles (�) appertain to
the aged ones. The straight lines drawn through the data points
by least-squares fit are represented by the mathematical
expressions:

unaged ð�Þ: s1=2 ¼ 17:6þ 0:88 ln _c ðEq 10Þ

aged ð�Þ: s1=2 ¼ 16:1þ 0:90 ln _c ðEq 11Þ

with the linear correlation coefficient r = 0.994 and 0.981,
respectively. Comparison of Eq 5 and 10 shows that for unaged
Mo, C = 17.6 MPa1/2 and D = 0.88 MPa1/2. On substi-
tuting the value of D in Eq 7, one gets ao = 2.339
10�24 N1/2 m2. Now, on taking s1/2 = 12.4 MPa1/2, i.e., the
average of four measured values of CRSS1/2 denoted by
open circles (�) in Fig. 3, and putting it along with m =
ðln _co= _c) = 25, T = 298 K, and ao = 2.339 10�24 N1/2 m2

in Eq 4, one gets so
1/2 = 34.4 MPa1/2 or so = 1183 MPa.

On using the expression Wo = aoso
1/2, one finds Wo = 0.501 eV

or Wkp = 1.002 eV. Also, on putting C = 17.6 MPa1/2, D =
0.88 MPa1/2, and so

1/2 = 34.4 MPa1/2 in Eq 6, the value of ln _co
is found to be 19.1, and hence _co = 1.989 108 s�1 or
_e = 6.69 107 s�1, which is of the right order of magnitude, as
envisaged in the KPN model.

On using the expressions for the macroscopic parameters
so = (4U/nb3) and Wo = n(UGb3)1/2, the microscopic parame-
ters n and U of the slip envisaged in the KPN model (Ref 20)
are given by the formulae:

n3 ¼ ðWo=Gb
3Þ2ð4G=soÞ ðEq 12Þ

U ¼ ðWo=nÞ2ð1=Gb3Þ ðEq 13Þ

Similarly, the initial length Lo of the screw-dislocation
segment taking part in the unit activation process of yielding at
T fi 0 K under the action of applied shear stress, so, and the
activation volume, vo, associated with so, are given by (Ref 20):

Lo ¼ bð4Gn=soÞ1=2 ðEq 14Þ

vo ¼ ð1=4ÞnLob2 ðEq 15Þ

Now the various microscopic parameters of slip, i.e., n, U,
Lo, and vo, in unaged Mo polycrystals can be readily obtained
from Eq 12 to 15, and are given in Table 1. Similarly, analysis
of s1/2� ln _co data pertaining to naturally aged Mo (Fig. 3)
yields the value of model parameters so, Wo, n, U, Lo, and vo,
which are also given in Table 1. The value of n for unaged as
well as aged Mo polcrystals being close to a(110) = 0.9428b
(Fig. 4) points to (110) �111½ � slip system being responsible for
yielding at room temperature.

One can readily note from Table 1 that the values ofWo,Wkp,
and U are reduced on natural aging resulting in lower CRSS so,
i.e., softening of Mo polycrystals. This can be accounted for in
terms of the migration of point defects, e.g., solid and gaseous
residual impurity atoms, vacancies in above-equilibrium con-
centration, etc., to the cores of screw-dislocations during the
course of aging. Consequently, the Peierls field/the cores of
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Fig. 2 The tensile yield stress (r) of 700 �C annealed Mo poly-
crystals as a function of tensile strain-rate ð _eÞ in semi-logarithmic
coordinates: ( ) unaged and ( ) aged
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Fig. 3 The square-root of CRSS (s1/2) of 700 �C annealed Mo
polycrystals as a function of shear strain-rate ð _cÞ in semi-logarithmic
coordinates: (�) unaged (�) aged

unaged ( ):       = 921 + 65.5 ln (Eq 8)σ

aged     ( ):       σ  = 760 + 57.9 ln (Eq 9)
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screw dislocations are modified leading to lower Peierls energy
per interatomic spacing along the length of the screw disloca-
tions trapped in the Peierls valleys, and hence reduction in the
YS of naturally aged Mo polycrystals.

As far as the physical explanation of the above is concerned,
one can readily conceive that vacancies in above-equilibrium
concentration on migration to the cores of screw dislocations
trapped in Peierls valleys may produce microscopic kinks in
them, and such screw dislocations can escape from the Peierls
valleys through the nucleation of macroscopic kink-pairs under
a rather lower applied stress as compared to that required for the
straight screw dislocations. Thus Peierls energy per interatomic
spacing along the length of screw dislocations containing
microscopic kinks will be less than that for the straight screw
dislocations trapped in Peierls valleys (Table 1). This view
point is supported by the investigations of Mitchell et al.
(Ref 21), who have demonstrated that cation vacancies,
adsorbed on dislocation cores, cause softening in spinel. These
vacancies act as catalysts for nucleation of microscopic kink-
pairs, whether at two separate vacancies or at a divacancy,
which effectively reduces the activation energy.

Concerning the role of interstitial impurity atoms, it is well
established that, unlike edge dislocations, the size-misfit
interaction is zero to ‘‘first order’’ for screw dislocations,
because according to linear elasticity, the stress field of screw
dislocations has no hydrostatic component (Ref 22). However,
Nabarro (Ref 23) has visualized that in the rate-controlling
process of yielding in nominally pure bcc metals or fairly dilute
alloys, an impurity atom in the core of a screw dislocation may
assist in the nucleation of a kink-pair leading to softening of the
crystal. Similarly, Reed-Hill and Kaufman (Ref 24) has found
that the basic rate-controlling mechanism of flow stress in
commercial purity niobium is not the interaction between
interstitial impurity atoms and mobile dislocations; scavenging
of interstitials, on the other hand, leads to reduction in flow
stress.

4.2 Ultimate Tensile Strength

The stress level corresponding to the peak on the automat-
ically recorded load-extension curve was taken as the UTS. The
triangles (D, m) in Fig 5 denote the values of the UTS of Mo
polycrystals as a function of the tensile strain-rate _e in semi-
logarithmic coordinates. Each point denotes an average value of
four independent measurements and error bars show the range
of measured UTS values. The empty triangles (D) appertain to
the unaged Mo specimens, while the filled triangles (m) refer to
the aged ones. A linear least-squares fit to the data points can be
mathematically represented as:

unaged ðDÞ: UTS ¼ 950þ 27:5 ln _e ðEq 16Þ

aged ðNÞ: UTS ¼ 763þ 22:7 ln _e ðEq 17Þ

with the correlation factor r = 0.993 and 0.981, respectively.
Referring to Fig 5, one can readily note that the functional

form of UTS-_e correlation is the same for both unaged and aged
Mo polycrystals. However, the values of the UTS for the aged
specimens are 18-22% lower than those for the unaged ones
within the tensile strain-rate range studied. This may be
associated with the reduction in the Peierls stress on natural
aging (Ref 18, 21), which leads to reduction in not only the YS,
but also the UTS. Furthermore, the value of UTS for unaged
Mo increases by about 12% as the tensile strain-rate _e is
increased from 2.1910�4 s�1 to 4.2910�3 s�1, whereas the
increase in the tensile YS r of unaged Mo is about 50%. Nearly
four times weaker dependence of UTS on _e compared with that
of the tensile YS r is probably due to rather large strains

Table 1 Numerical values of various parameters of the KPN model of flow stress in Mo polycrystals

Mo so, MPa Wo, eV Wkp, eV n U, meV Lo, b vo, b
3 _co, s

21 _eo, s
21

Unaged 1183 0.501 1.002 0.75 27.6 18.0 3.4 1.989 108 6.69 107

Aged 1113 0.476 0.952 0.74 25.6 18.5 3.4 2.049 108 6.89 107

G = 12.89 104 MPa, b = 0.2725 nm, and Gb3 = 16.17 eV

Fig. 4 Schematic representation of (a) the (110) �111½ � slip system
and (b) the separation a(110) = (2/3)1/2ao = 0.9428b between neigh-
boring Pierls valleys along the �111½ � direction in the (110) plane
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Fig. 5 The UTS of 700 �C annealed Mo polycrystals as a function
of tensile strain-rate _e in semi-logarithmic coordinates: (D) unaged
(m) aged
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involved in the former case (Ref 17). Similar behavior is also
observed in the case of aged Mo with the difference that the
dependence of UTS on _e is six times weaker as compared to
that of tensile yield stress r.

4.3 Ductility

Referring to Fig. 6, the empty squares (h) and filled squares
(j) denote the values of ductility or the tensile strain emax

corresponding to the UTS of unaged and aged Mo polycrystals,
respectively, as a function of the tensile strain-rate _e in semi-
logarithmic coordinates. Each point denotes an average value of
four independent measurements and error bars show the range
of measured emax values. A straight line least-square fit to the
data (h) in Fig. 6(a) is encompassed by the relation:

emax ¼ 2:21� 0:43 ln _e ðEq 18Þ

with the correlation factor r = �0.980. This shows that the
ductility emax of the unaged Mo polycrystal decreases as the

tensile strain-rate _e is increased. The reduction in ductility is
about 22% as _e is increased from 2.1910�4 s�1 to 4.2 9
10�3 s�1.

Similarly, the least-squares fit to the data (j) in Fig. 6(b)
can be mathematically represented as

emax ¼ 1:12� 0:03ln _e ðEq 19Þ

with the correlation factor r = �0.960. The reduction in the
ductility emax for aged Mo polycrystal is found to be about
7% on increasing _e from 2.1910�4 s�1 to 4.29 10�3 s�1.
Thus the dependence of emax on _e for aged Mo polycrystal is
about three times weaker than that for unaged Mo polycrys-
tal. One can also infer from the data given in Fig. 6 that natu-
ral aging of Mo polycrystal for a period of 6 months reduces
its ductility by about 72-76% in the tensile strain-rate range
referred to above. The shape of the r-e curves, however,
remains unaffected by the natural aging treatment.

As far as the UTS and the uniform tensile strain emax prior to
the formation of neck during stretching of body-centred cubic
(bcc) metals and alloys are concerned, Malygin (Ref 25) has
theoretically shown that the magnitude of both the parameters
is strongly influenced by the Peierls stress. He considers that in
a polycrystalline bcc metal under the conditions of multiple
slip, variation of the average dislocation density with the
deformation at low and moderate temperatures depends on
three factors: (i) the rate of multiplication and accumulation of
dislocations interacting with obstacles of nondeformable origin,
(ii) the intensity of multiplication of dislocations interacting
with forest dislocations, and (iii) the rate of annihilation of the
screw segments of dislocation loops. An equilibrium between
the processes of dislocation multiplication and annihilation
together with the Peierls stress of the metal, determines the
tensile strain emax and the UTS. The observed reduction in the
ductility of Mo polycrystals on natural aging may be attributed
to the variation in the relative contribution of various structural
factors referred to above, and needs a rigorous theoretical
treatment in this regard.

5. Summary and Conclusions

One may summarize and conclude from the present
investigations as below:

1. The YS of both unaged and aged Mo polycrystals
increases with the imposed strain-rate in accord with the
analytical expression for the strain-rate dependence of
CRSS as predicted by the KPN model of flow stress in
crystals with high-intrinsic lattice friction. The same is
true for the UTS, but its dependence on the strain-rate is
about four times weaker than that of the YS.

2. The YS and the UTS of Mo polycrystals are decreased
on natural aging by about 20-30% and 18-22%, respec-
tively, in the tensile strain-rate range 2.1910�4 s�1 to
4.29 10�3 s�1. The reduction in the YS is due to lower-
ing of the Peierls energy per interatomic spacing along
the length of screw-dislocation segments trapped in the
Peierls valleys on migration of point defects to the dislo-
cation cores.

3. Natural aging has no effect on the shape of the r-e
curves of Mo polycrystals, but the ductility emax

decreases by about 72-76% depending on the value of _e
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Fig. 6 Relation between ductility emax and tensile strain-rate _e for
700 �C annealed Mo polycrystals in semi-logarithmic coordinates:
(h) unaged (j) aged
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in the tensile strain-rate range referred to. The reduction
in the ductility may be attributed to the variation in rela-
tive contribution of the processes of dislocation multipli-
cation and annihilation together with the reduction in the
Peierls stress of the metal.

4. The ductility emax of unaged Mo polycrystal decreases by
about 22% with the increase in the tensile strain-rate _e
from 2.1910�4 s�1 to 4.29 10�3 s�1, whereas the duc-
tility of aged Mo polycrystal is reduced by only 7%.

5. The UTS of unaged and aged Mo polycrystals increases
by about 12% and 11%, respectively, as the tensile
strain-rate _e is increased from 2.1910�4 s�1 to
4.29 10�3 s�1, whereas the corresponding increase in
the tensile yield stress r is about 50% and 67%. The
strain-rate dependence of UTS is therefore four and six
times weaker than that of the tensile YS for unaged and
aged Mo polycrystals, respectively.
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