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ABSTRACT

A model of anelastic relaxation associated with polygonization boundary is proposed
in order to explain internal friction peaks and other experimental phenomena observed recently.
The model, which is referred to as vacancy-thermal jog model, shows that under conditions of
high temperature and low applied stress with lower frequencies of vibration, thermal jog pairs are
generated on dislocation segments of the boundaries. These jogs are in saturation with vacancies
in the vicinity of them, and the vacancy current due to the concentration gradient of vacancy drifts
among the boundaries. Asa result, a diffusional creep is produced and a part of energy is dissipated.
For vacancy drift, it is required that the thermal jogs emit (absorb) vacancies, which brings dim bing
bow of segments into operation, and another part of energy is dissipated. So that there are two parts
of energy dissipated in the strain process connected with polygonization boundary. Based on this
point of view, the mathematical expressions of internal friction and modulus defect associated with
polygonization boundary were subsequently derived and found to be in satisfactory agreement with
experiments.
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1. INTRODUCTION

It has previously been reported [1] that the internal friction peaks with very high internal

friction (Q"1 > 0.2) and very long relaxation time (5 x 10"" sec) at high temperature were

observed as a function of temperature in the polygonized dilute alloy Al- 0.015 wt% Cu and a

function of vibration frequency in polygonized high purity Al (99.999 wt%). The activation energy

with this peak is 35 kcal/mol which is very close to that of self diffusion in Al. The preliminary

results indicate that the internal friction peak is of anelastic relaxation.

Early in 1955, Fricdel et al. published a famous paper [2], in which the experimental
results of internal friction and molulus defect were reported and a theoretical model was proposed.
Although a very high relaxation strength could be gained according to this model, one of their
basic hypotheses, in which the impurity atmosphere exists around dislocation segments at high
temperature, was reasonably questioned by Nowick and Berry [3]. Since then, little work has been
done on this subject

The main purpose of this paper is to propose a new model of anelastic relaxation asso-
ciated with polygonization boundary in order K> explain the internal friction peaks and other mea-
surement results observed recently. The new model is constructed on the basis of the dislocation
structure of the polygonization boundary which has generally been accepted [4], And it is assumed
that there would be some thermal jog pain generated on segments at high temperature if the jog
formation energy of the metal it not very large. In addition to this, the local supersaturated (under-
saturated) concentration of vacancies in the vicinity of the jogs would be supposed to be built along
the entire segments if the climbing plane of dislocation is under the elastic compression (tension) of
the applied stress. By driving of the gradient effect of vacancy concentration, a sort of diffusional
creep, like Herring-Nabarro creep [5], is then produced among the boundaries. As a result, «. psrt
of the mechanical energy is dissipated. Meanwhile, these jogs have to emit (absorb) vacancies so as
to compensate the loss (excess) of vacancies. So that climbing bow out of the dislocation segments
between its nodes comes into operation and another part of the energy is dissipated. The internal
friction associated with the polygonization boundary is then subsequently obtained. Based on this
point of view, the mathematical expressions of the internal friction and modulus defect were finally
derived.

2. THE MODEL

To be submitted for publication.
Permanent address: Institute of Solid State Physics, Academia Sinica, Hefei,

People's Republic of China.

It is well-known that the typical procedure for the formation of polygonization boundary
is that the specimen is bent and subsequently annealead at the definite range of high temperature
for a certain period of time. As previously reported [6] the fresh dislocations produced during
plastic deformation were arranged into a stable and low energy configuration, for example, the
polygonization boundary. So an assumption would then be put forward that almost all dislocation
lines are concentrated in boundary planes but not in the volume interior grain separated by these
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boundaries. In the present work, one of the simplest tilt symmetry polygonization boundary is taken

into account. These boundaries are considered to be of planar planes of two dimensions. Each plane

is made up of one dislocation wall. Each wall consists of one type of edge dislocation segment.

All segments are equidistant between them, parallel to each other. And it is also considered that

the edge dislocation segments have the same Burgers vector which is normal to the segments.

For the polygonization boundaries, because the thermal agitation is able to deviate dislo-
cation out of its original slip plane at high temperature, some thermal jog pairs could be produced
on the edge of the extra half atomic plane of segments of these boundaries [7]. These thermal
jogs are considered to be generated (destroyed) continually because of thermal fluctuation even if
without applied stress. The density of thermal jogs is given by

<»4 Et
(1)

Here a is the lattice constant, Ej the jog formation energy k the Boltzmann constant and
T the absolute temperature.

In addition to die jogs, there exists a crowd of vacancies with a certain equilibrium con-
centration corresponding to a certain temperature. As well known, the vacancies are always wan-
dering around at random inside the crystal as shown in Fig.l. In general, both the thermal jog
density and the thermal equilibrium concentration of vacancies are macroscopically kept constant
at a given temperature.

However, if a small applied stress is exerted at high temperature, the picture of the thermal
jogs and the vacancies described above would be changed. Some of jogs, for example, climbing
plane of which is acted on by an elastic compression (tension), are capable of emitting (absorbing)
more vacancies than they do under no applied stress. Vacancies would then accumulate at these
jogs if the amount of the vacancies diffused away from near the jogs was less than that of vacancies
emitted by the jogs. And then the supersaturation of vacancy at these jogs would be built. In
another case, the undersaturation of vacancy would occur. As we know, the osmotic force, is
thereby introduced and acts in the opposite direction to the applied climbing force. The resultant
effect of the applied climbing force is balanced by the osmotic force. And in this case, the jogs are
considered to be in saturation with vacancies in the vicinity of them. According to the estimation
of Friedel [81, for polygonization boundary, appearance of saturation occurs only at slightly higher
temperature T > ( 1 / 4 ) T m (the melting point).

Below is mentioned in a little detail the relaxation process connected with polygoniza-
tion boundary, Fig. 2 is one polygonization square plane with a length L. The climbing plane of
segments constituting the boundaries AD and BC in Fig. 2 is supposed to be under an applied
compression, but AB and CD are under an applied tension. Moreover, some internal stress due to
other dislocations and defects is also contained in the climbing force acting on the segments [9].
For simplicity, the climbing force exerted per unit length dislocation is assumed to be

Fe = ab (2)

' ^jj^jj; '&1- • :- ••*'•• • ' f '»»

The osmotic force per unit length dislocation is

Here sign "+" means supersaturated concentration of vacancies at the jogs, "-"means undersatu-

rated concentraion of vacancies.

The local supersaturated (undcrsatruated) concentration of vacancies at the jogs could be
given by letting formula (2) be equal to (3)

(4)

Here Co is the thermal equilibrium concentration of vacancy at the referential tempera-

ture.

With a supposition that the jog formation energy is not very high and the measurement
temperature is not very low, there would be enough thermal jogs generated on the segments of
boundaries. And the equilibrium concentration, to be more exact, the quasi equilibrium concen-
tration of vacancies would be built along the entire segments. Subsequently, the whole boundary
would act as a perfect source or sink for vacancies. Under the gradient effect of concentration, the
vacancy current drifts from boundaries AB and CD to AD and BC as shown in Fig.2. A sort of
diffusional creep, like the Herring-Nabarro creep [S], and then a pan of the mechanical energy is
thereby dissipated in polygoniwd material.

Obviously, it is necessary to inquire how the vacancy current can be kept on. As we
understand, while the current is going on, the jogs on the segments of the boundaries have to emit
(absorb) the same number of vacancies as that of the lost (the added) due to the vacancy current, so
as to mantain the quasi equilibrium concentration of vacancies at the jogs. Because the jogs emit
(absorb) the vacancies, the climbing motion of dislocation segments is subsequently brought into
operation.

Below is described in a tittle detail the climbing process. In Fig.3, the PN line represents
a segment in the boundaries AD or BC as shown in Fig.2. The upper area of the PN line shows
the extra atomic plane of the dislocation. The thermal jog pairs on the PN line stand for the letters
A, B and C. Under the applied compression, it should be taken for granted that only A,B jogs
on the upper side of the PN line in Fig.3 are subjected to strengthening to absorb vacancies and
move themselves laterally along the PN line. Once the total upper jogs on the PN line finish the
lateral motion along the entire PN line, the PN segment would then advance up by one atomic
distance. In other words, such atoms on the PN line except at both ends of P and N are substituted
by vacancies. The atoms of P and N are anchored at the segment nodes so firmly that under the
present assumption, they are not considered to be able to depart from the nodes. Therefore, the
PN line has to be climbed up to the location of PF"N'N. It should be remembered that the density
of the thermal jogs remains unchanged during the dislocation climbing provided the measurement



temperature fixed at a given point. So the new thermal jog pairs, like A', B' and C , D* then appear

on the PPNN as expected. In the same way, the new thermal jog pairs A'B' are still subjected

to strengthening to absorb vacancies and the segment PP'N'N then go on climbing up by another

atomic distance. Provided that the conditions of nigh temeprature and small applied stress are kept

on, the climbing bow of segments would continue to operate until arriving at its ultimate position

PP"N"N as the direction of the applied stress begins to alternate. Vice versa, the segments would

climb down and arrive at its lowest position while they are under the applied tension. As a result,

another pan of the mechanical energy is then dissipated.

As the thermal jog formation energy is supplied only by the thermal agitation, the dis-
sipated energy in the strain process connected with the polygonization boundary is considered to
come from the jog movement, the vacancy generation and the vacancy drift This means that in
this case, for polygonization boundary, the dissipated energy is in both the diffusions! creep and
the dislocation segments climbing bow.

3. DIFFUSIONAL CREEP RATE PRODUCED BY THE VACANCIES DRIFT

The work on the vacancy current under local supcrsaturation of vacancies has previously

been carried out by several authors [7],(8],[10],[11], In the present paper, we will adapt a treatment

similar to that used in Ref. [7],[9],[10] and the relevant results will directly be cited.

We first assume that an applied climb force is under vibration with lower frequencies,
so that, it can take enough time to build and then maintain the quasi equilibrium concentration of
vacancies in the vicinity of the jogs. The available supposition is that under the gradient effect of
vacancy concentration, vacancies drift among boundaries in the quasi steady state. And Laplace's
equation of vacancy diffusion among the boundaries, except the region of dislocation line, is as
follows

V 2 C = 0 (5)

Here the cylindrical coordinate, in which the dislocation segment is lying along the axis

z, will be adopted. The vacancy diffusion would be along the radial direction. It is supposed that

the vacancies drift from the cylindrical surface with the vacancy concentration

into the area around a jog. This means that the jogs are regarded as a sink for vacancies. As

generally considered that the dislocation line acts as a pipe of easy diffusion for attached vacancies

along it. Therefore, the quasi equilibrium concentration of vacancy should essentially setup in the

ellipsoidal area with semi axes ~ b and ~ z around the jog. On the surface of the ellipsoidal area,

the vacancy concentration is

—

Now let us introduce the z which is the mean free path of attached vacancies drifting

along the segments before these vacancies jumped into the lattice (suppose there are no jogs within

the distance z)

/ | | £ (7)
Here A W. is the difference between the activation energy of the vacancy for self diffusion in the
bulk and in the dislocation line.

Furthermore, there possibly exist more than one jog on the segments at high temperature.
So the following two cases should be: (1) if the average space distance \ between the jogs is
less than 2z, i.e. \ < 25 , the quasi equilibrium concentration of the vacancies is approximately
considered to be built along the entire segment and the entire segment would be regarded as the
perfect sink of vacancy. (2) If X > 2 i , the overlap of vacancy diffusion fields established by the
individual jogs becomes important. According to the result of Ref. [7J, [ 10], the contributory jogs
to the diffusional field are within a distance from 21 to R. This means that the contribution of these
jogs, which are faither than the distance R from a given jog, to the vacancy diffusional field, will
be negligible. Then the vacancy current enuring the area around the jog is finally obtained

Jvm
1*2 z/b)

Here Dti is the vacancy diffusiviry.

(8)

It is clear that the quasi equilibrium concentration of the vacancy would be established
along the entire segment if the space distance \ is equal to 21 , Substituting X = 25 into Eq.(g), the
vacancy current Jv becomes

4vDvz(Ci -Ci)
Jv ifor\<2i) (9)

From Eq (9), die vacancy current entering the area around the unit length dislocation is

Jvd=2irD?*w)Ci) (10)

Eq.(10) actually suggests that a vacancy current passes through the cylindrical surface
with both the unit length segment and the radius (r=l) and enters the area around the unit length
dislocation. So die vacancy current, which passes through the cylindrical surface with r = L and
the unit length z-axis and enters the area around the unit length dislocation, would be the same as
that expressed by Eq.(lO). The boundary plane with polygonized block length L is approximately
considered to be replaced by the cylindrical surface with radius r = L, then the vacancy current
among the boundaries would be the same as expressed by Eq.(10). As described above, a sort of
diffusional creep subsequently occurs at a rate which can be deduced from Eq.(lO) as follows

^DvbHd-Ci) ( 1 1 )
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Here we take the volume of a vacancy as 63 •

Putting (6.a) and (6.b) into Eq.(ll) and taking ab* « kT, then Eq.(ll) becomes

Here

iv =

D = DvCob = Doexp( -—)

(12)

(13)

Do is the self-diffusional constant, and U the activation energy of self-diffusion in lattice.

4. PLASTIC STRAIN RATE PRODUCED BY CLIMBING OF DISLOCATION DUE
TO GENERATION (ANNIHILATION) OF VACANCIES

In Sec.2, it is shown that, while the vacancy current drifts among boundaries, a jog has
to emit (absorb) vacancies so as to maintain the quasi equilibrium concentration of vacancies near
the jog. And therefore, the climbing of the segments has to follow to operate. Based on Eq.(9), the
climbing velocity of the dislocation is obtained to be

Vd- (14)

Substituting (6,1) and (6.2) and assuming that at3 « kT, Eq.(14) becomes

kTtiiL/b)
(15)

Here it should be noted that this velocity is only obtained for the dislocation segments
unconstrained. As a matter of fact, the segments in boundaries are anchored at the segment ends
provided that the pinning effect of impurity atoms can be neglected. So the following attempt is
to get the driving climb force acting on the constrained segments. So far, a published work on the
effect of pin or anchorage upon climbing of dislocation could hardly be found out. And a detail
and precise discussion on it is beyond the scope of the present paper. Therefore, to briefly treat it
in an intuitive way would be adopted.

As supposed above, the action due to generation (annihilation) of vacancy at jogs brings
climbing of segments into operation. This action could be taken as a force acting on the segments.
And this force might approximately be obtained by

dVd
i—rr

at
(16)

Here m< is the effective mass per unit length dislocation. Take applied stress as periodical

stress
a = CJO sin ut

and substituting Eq.(17) and (15) into Eq.(16) aj is obtained

•uc?0 cos wt
kTMLIb)

(17)

(18)

Another problem is how to get the effect of thermal activation on the segment nodes under
the conditions of high temperature and low applied stress. As we know, the lower the temperature is,
the stronger the effect of pinning would be. Vice versa, the higher the temperature is, the weaker the
effect of pinning would be. If the temperature was so high that the segments would theoretically
be broken away from the anchorage of its modes under applied stress. An intuitive supposition
could then be made that the driving climb force acting on the anchored segments might possess the
following form

U
cf/o ™ 07 MP( 77=) (19)

kT
As stated in Sec.2, the applied climb force, which contains both the elastic compression

(tension) of the applied stress and the internal stress due to dislocation and defect, is balanced by
osmotic force. The equation of the climbing motion per unit length dislocation would be written
as follows

A1.. it.,

(20)

Here the direction of the climbing motion is taken as the direction along the y axis. The
y is the average distance of the climbing of the segment B is the average damping coefficient and
C the average resistant coefficient Below are given the explanations in a little detail to the terms
in Eq.(20) separately.

First consider the second term on the left hand side of Eq.(20), which is usually regarded
as the damping force. And this damping force is a very big force as proved e viden tly by experiments
111,|2]. The third term on the left-hand side of Eq.(20) is the restoring force acting on the per unit
length climbing dislocation. Because of developing of the climbing bow, the line tension of the
segment is produced and the segments arc deviated from their equilibrium location. As we know,
the original equilibrium state is a lower energy state of dislocation configuration, therefore the third
term should also be relatively large force. Compared the first term with the above two terms, the
first term could be neglected because of both the relatively small effective mass of dislocation and
the lower vibration frequencies as supposed above. Eq.(20) is finally simplified as follows

B
dv
dt

It is clearly in accordance with the equation used by Weertman in Ref.12. Substituting

y=(Al - iA2)eiut = AeM

(21)

(22)



into Eq.(20), the following result would be obtained

UI£OQ . 1
V = (23)

Using the same method as that mentioned in Ref,12, the plastic strain per unit volume
produced by a dislocation segment, which climbs distance ]/, is nearly thought of as the same as if
it moved the equal distance y in the slip direction, which is

= NvLby (24)

Mere Nv is the dislocation segment number per unit volume. The misorieniation of the
boundary stands for the letter 8, then Nv is

b

then the plastic strain rate, produced by climbing segment, is

(25)

t& = BL sin ut- (26)

5. INTERNAL FRICTION AND MODULUS DEFECT ASSOCIATED WITH
POLYGONIZATION BOUNDARY

Below the conventional method is adopted to get the expression of internal friction. The
dissipated energy in a full cycle of vibration, as well known, is given by

• 4 (27)

Here ar is a resistant stress.

For vacancy diffusional creep, a, is nearly considered to be equal lo applied stress.

For climbing bow of dislocation segment, <jr is given by the following way. It is well
known that the diffusional climb of dislocation can be done by means of diffusion of vacancies
or atoms under a quite small driving force, but the resistant climb force of dislocation should nu-
merically be a relatively large force. For simplicity, an approaching expression available for the
resistant climb force is taken as follows

Ord = da (28)

Here 8 is a non-dimensional amplifying coefficient which is of the order about 10s. So
Eq.(28) means that the resistant ctimb force of dislocation is conceived to be a relatively large
multiplication of the applied stess as expected.

Putting (12), (13), (27) into (26), the dissipated energy A Wc of vacancy diffusional creep
in a full cycle of vibration can be obtained. The dissipated energy A WQ of dislocation climb in a
full cycle of vibration is given by using the similar way to the above.

The maximum stored energy per unit volume is known as

(29)

Then the expression of internal friction associated with polygonizaiton boundary is reduced to be
as follows:

BLw WT

Hereps

+ NTiriL/b)
(30)

As the vacancy diffusional drift is inelastic, the modulus defect associated with polygo-
nization boundary could then be easily obtained as follows

M
1

(31)

6.1

COMPARISON WITH EXPERIMENTS

Comparison with Experiments on Internal Friction

Using Arrhenius formula T = 75 exp( $ 0 , Eq.(30) is rewritten as follows

i BLuj
+ N T£r*L/b)L2u/T

The preliminary discussions are first made for the following cases

(32)

(1) If UT >> 1, that is, under the conditions of higher vibration frequency and lower
measurement temperature, Eq.(32) could approximately be replaced by the following form

T^iL/b)
+N

1 7b , 1 (33)

It is clear that no internal friction peak as a function of UT can be observed but internal
friction monotonically increase (decrease) with decrease (increase) of (he value UT.
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(2) If WT « 1, that is, under conditions of higher temperature and lower frequencies as

supposed above, Eq. (30) becomes

9Lu
•TiriL/b)

•WT+
1 (34)

It is obviously seen that the internal friction peak as a function of UIT would appear if the
value UT is equal to 1, U T = 1 which is in accordance with the experiments qualitatively.

Take Al as a sample to further compare the theory with measurements for internal friction.
For this, Pigs.4 and 5 were plotted according to Eq.(32). It should be noted that the average restor-
ing coefficient C in Eq.(32), for simplicity, has been approximately replaced by the line tension of
dislocation, thai is C = Gb1. And the value n> is taken as to be 5 x 10 ~" which is calculated
from Ref.[l]. Fig. 4 illustrates that under conditions of constant temperature, frequency and mis-
orientation 8 occurrence of the internal friction peak largely depends on the size L of polygonized
block. For example, if L is equal to 5pm as shown in curve 1 of Fig.4, no internal friction peak
but only a steep background internal friction is observed. When the L grew up to lO^rn a weak
peak appeared as shown in curve 2 of Fig.4. Once the L grew up to 20 /im as shown in curve 3
of Fig.4a perfect internal friction peak clearly emerged. So a critical length L exists and it is about
10/im in this case. Fig.5 illustrates that under conditions of constant temperature and frequency, a
critical misorientation 8 exists for appearance of internal friction peak and is about 1 ° in the present
case with the constant block size h = 10/im as shown in curve 2 of Fig.S. If 0 is bigger than this
-value 1 °, a perfect internal friction peak would appear as shown in curve 3 of Fig.5. Otherwise, no
internal friction peak would be observed if 8 is smaller than this value 1° as shown in curve 1 of
Fig.S.

So Eq.(32) demonstrates well that both the appearance and the height of the internal
friction peak are evidently sensitive to the structure factors, that is, the polygonized block size L

and the boundary misorientation 8. Furthermore, it is further found that both the size L and the
misorientation 9 are closely linked with the density of the dislocation segments of the boundary as
indicated by the following formulae

6 (35)

Putting 6 = 1° and L = 15/im into Eq.(35), the pi is estimated to be of the order about
10vcm~2 . So, a perfect internal friction peak, as shown in curve 3 of Fig.4, can be observed only
when the density of dislocations in boundaries is of the order more than 10 9 cm'1.

6.2 Comparison with Experiments on Modulus Defect

Substituting L = 20fim, 6 = 3°,T = 650 K and ui = 10 Hz into Eq.(32), Fig. 6(1) was
plotted with modulus defect against log (ur ) . Fig. 6(2) shows the experimental results estimated

11

from Ref.[l]. It should be noted that the difference of the curve shape between them is found out
because of the different log ( U T ) from log ( 0 and the difference between the conditions of the
measurement and the theoretical assumption. Moreover, this agreement could also be found out in
the experiments of modulus defect reported in Ref. [2).

7. DISCUSSIONS

7.1 On the Concentration of Thermal Jog

As mentioned above, the thermal jogs play an important part in the model proposed here,
so the concentration of thermal jogs should be taken into account. As will be stated later on, it is
not difficult to suffice the requirement at a relatively high temperature even if for some metals, the
jog formation energy of which is a little higher. Still take Al as a sample. The jog formation energy
Ej of Al is equal to about 0.8 eV in Ref.[2], but a different value of 0.1 eV was reported in Ref.f.9].
Here take Ej = 0.5 eV and put this value and T = 650 K into Eq.(l). Then it was obtained that
one thermal jog pair is generated on the segment of length one fim. The size of polygonized block
is generally estimated from a few fim to hundreds fitn, hence there would be more than several
thermal jog pairs on each segment of the boundaries. Furthermore, the dislocation line is generally
considered to be an easy diffusional pipe for vacancies, so that only a lower density of jogs could
suffice the requirement to build the quasi-equilibrium concentration of vacancies along the entire
dislocation segments of boundaries [11].

7.2 On the Bulk Self Diffusion of Vacancy

As described above, under conditions of high temperature and low applied stress, the
quasi-equilibrium concentration of vacancies is established along the entire segments and the ap-
plied climb force is balanced by the osmotic force. The vacancy current drifts diffusively among
boundaries under the gradient effect of vacancy concentration. And because of vacancy current
drift, the vacancy generation has to occur and further entails the climbing bow of segments into
operation. Therefore, both the diffusion creep and the climbing of the dislocation are all under the
control of vacancy diffusion. After the comparison between the theory and the experiments on dis-
location climbing, it is reported in Ref.[13] that, in many cases, especially for some metals, the jog
formation energy of which is not very high, dislocation climbing occurs under diffusional control
of vacancies.

However, if the jog formation energy for some material s is very large or the measurement

temperature is not high enough, the production of thermal jogs is so difficult (hat the production

of thermal jogs is also dependent on applied stress besides thermal activation. In this case, the jog

formation energy would enter into the activation energy of the process. Moreover, it has previously

been assumed in the present model that the generation (annihilation) of the vacancie s at jogs is easy

12



performed under conditions of high temperature and small applied stress. However, the generation
of vacancies at jogs jumps a series of barrier as described in Refs. [7] and [12]. But a detail and
precise discussion on this complex problem is beyond the scope of this paper.

8. SUMMARY AND CONCLUSION

At an elevated temperature, thermal jog pairs are generated on the segments of polygo-
nization boundaries and a crowd of vacancies with a constant thermal equilibrium concentration
exist inside the crystal. Under a small applies stress with lower frequencies, the local supersat-
urated (undersaturated) concentration of vacancies is established along the entire segments and
the vacancy current drifts among the boundaries. Subsequently there are two parts of dissipated
energy, which are in diffusional creep and the climbing bow of the dislocation segments, in the
strain process connected with polygonization boundaries. The effect of segment mode anchorage
on climbing motion of segment is approached by an intuitive way, which assumes that the driving
climb force is equal to the force that an applied stress times the factor of exp ( ^ ) as generally used
in treating of thermal activation. The resistant climb force is taken as the force, which is an applied
stress times a constant of the order 10 *. Maybe the simple treatment needs to be further modi fi ed.
Nevertheless, it is satisfactorily found after comparison with experiments that the present model is
in good agreement with the measurements.
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Figure Captions

Fig. 1 The thermal jog pairs and vacancies without applied stress.

Fig. 2 One polygonization boundary under applied stress.

Fig. 3 The climbing bow of a dislocation segment.

Fig. 4 Effect of variable L on internal friction peak (0 = 1 ° )

Curve 1. L = 5(im

2. 1= lOfim

3. L = 20/jm

Fig.5 Effect of variable 9 on internal friction peak (L=10fim).

Curve 1.0 = 0 .6°

2.0 = 1°

3. B = 3°

Fig.6 Comparison between iheory and experiments on modulus defect

(a) the theoretical curve
(b) the experimental curve.
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