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Study on the interaction between a dislocation
and impurities in KCI: Sr?* single crystals
by the Blaha effect

Part | Interaction between a dislocation and an impurity for

the Fleischer’s model taking account of the Friedel relation
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Faculty of Engineering, Kanazawa University, Kodatsuno 2-40-20,
Kanazawa 920-8667, Japan

It has been previously reported for KCI: Sr?* (0.035, 0.050, 0.065 mol% in the melt) single
crystals that the interaction between a dislocation and the impurity can be approximated to
the Fleischer's model. From the values of ¢y for the specimens, however, it was confirmed
that the Friedel relation can be taken into the Fleischer's model. The ¢y is the bending angle
at which the dislocation embraces the impurities under the effective shear stress at 0 K.
Furthermore, the interaction between a dislocation and the impurity could be approximated
to the Fleischer’'s model taking account of the Friedel relation. This was examined on the
basis of the dependence of strain-rate sensitivity due to the impurities on temperature at
about 100-200 K. Then, the critical temperature, at which the effective shear stress is zero,
was determined to be 289 K. In addition, the values of the enthalpy and the Gibbs free
energy of activation for the breakaway of the dislocation from the impurity were obtained
for the specimen. © 2000 Kluwer Academic Publishers

1. Introduction to room temperature at a rate of 40&tin order to re-
When alkali halide crystals are doped with divalentduce dislocation density. Furthermore, the specimens
ions, the ions are expected to be paired with positivevere held at 673 K for 30 min and were cooled by
ion vacancies. The pairs are termed/ dipoles and  water quenching in order to disperse the impurities im-
strongly interact with screw as well as edge dislocamediately before the test.

tions. It has been previously reported for KCI single Compression tests were carried out at temperatures
crystals doped with Mg, Ca&*, SP+ or Bat thatthe  from 80-240 K for the specimens along €0 axis
interaction between a dislocation and the various divaand the ultrasonic oscillatory stress of constant am-
lent impurities can be approximated to the Fleischer'splitude was applied by a resonator in the same direc-
model [1]. This investigation was conducted on thetion as the compression during the strain-rate cycling
basis of the relative curve of strain-rate sensitivity andtest. Then, the stress change due to the strain-rate cy-
stress decrement, which is obtained from the strain-ratgling is At’. The strain-rate sensitivity was obtained
cycling test during the Blaha effect measurement [2].on the basis of that’. The strain-rate cycling test dur-
The curve reflects the influence of ultrasonic oscillationing the oscillation has been described in the previous
on the dislocation motion on the slip plane containingpapers [4, 6].

many impurities and a few dislocations [3, 4]. So far,

however, we have not discussed whether the Friedel . )

relation [5] can be taken into the Fleischer's model.3: Discussion _

Accordingly, the interaction between a dislocation3-1- Relation between effective shear stress

and the impurities in KCI: S is examined for the _  and temperature _

Fleischer’s model taking account of the Friedel relationi€del [5] derived an expression for the average spac-
in this paper. This model is hereafter termed the F—F. ing, L, of impurities along the dislocation, namely

2L2E\Y3
i L=(—7 (1)
2. Experimental procedure b
The KCI: SF*+ (0.035, 0.050, 0.065 mol% in the melt)
single crystals, which are the size of abouk 5x  wherelL is the average spacing of impurities on the
15 mn?, were kept at 973 K for 24 h and were cooled slip plane,E is the line tension of the dislocationsijs
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the effective shear stress abds the magnitude of the TABLE | Values ofry for the F-F
Burgers vector. Fleischer [1] approximated the force-

Q2
distance relation between a dislocation and the divalerfto >  (mol%) oo (MPa)
impurity for LiF : Mg?* (0.008 mol%) by 0.035 11.44
0.050 25.47
X 2 0.065 36.31
F=FO/<—+1> 2

b

and found the Gibbs free energy(, for the interaction 3

between a dislocation and the divalent impurity by the
following equation:

B X 2 =

AG—/O {Fo/(b—i-l) F}dx @ 5,
. : o =
whereF is the force acted on the dislocatidfy is the 3~
F at the temperature of O kK is the distance from the 5
defect andB is the value ofx at whichF equals the

defect force. ThenF and Fy are expressed by using 1
Equation 1 as follows

F = (2L2E)"°p¥% %3 (4)
_ 2\1/3,.2/3_2/3
Fo= (ZLOE) b™z () 0 A R T ST TR SR SR ) '
wherery is the effective shear stress at 0 K. From Equa- 0 ,1,9 "2 20
tions 1 and 2B in Equation 3 is given by T (K")
1/3 Figure 1 Linear plots of the effective shear stress and the temperature
T0 / for KCI: Sr%* (0.050 mol% in the melt) at the F—F.
B=b{(2) -1 (6)
T

Substituting of Equations 4—6 in Equation 3, we find 0

T

1/31 2
AG = AGO{l— (r_> } , (AGo=Fgh) (7)
0

and also from an Arrhenius equation for the thermally‘:’,’\
activated deformation rate, the Gibbs free energy of
activation is expressed as

AG = kT, (a = In(%)) (8) N

Q
O

wherekT has the usual meaning apglis a frequency i %
factor. From the substitutional equation of Equation 8 =
in Equation 7, the relation of effective shear stress ani . .
temperature for the F—F is expressed in the form: 0-00 10 20

2
. 13 T 12 AG Tl/ (KHZ)
) =1-(= Te=—2) (9)
0 Te N ak Figure 2 Linear plots of ¢p1/tpo)/® and T2 for KCI:Sr?+:
(0) 0.035 mol%, £) 0.050 mol%, {J) 0.065 mol%.

Therefore, the relative formula of the effective shear
stress,tp;, due to the impurities and temperature for The value ofrpg, which is obtained by extraporating

(Tpt/Tpo
o
n
)

the F-Fis the line to 0 K, increases with the concentration of im-
13 12 purities as given in Table I. Fig. 2 shows the relation
<@> _1_ <I> (10) betweenry and temperature for KCI: 3t at the F—F.
Tpo Te The critical temperaturdy, at which the line intersects

the abscissa in Fig. 2 angl; is zero, is determined to
The 71 depends on temperature and on the type ante 289 K.
density of impurities [4]. The result of Equation 10 is We examine whether the theory that the Friedel
shownin Fig. 1 for KCI: St (0.050 mol% in the melt). relation can be taken into the Fleischer's model is
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TABLE Il Values ofgo In Equation 17, thedr/0T); for the F—F can be ex-
pressed from the differentiation of Equation 10 with

KCl: Sr2*+ (mol% d

(mol%) %o (degrees) respect to the temperature by
0.035 161
0.050 154

1/2 1/2y2

S (@ Q) e
T 2T, T Te

appropriate for the interaction between a dislocation

and the impurity. The bending anglg, at which the

dislocation embraces the impurities under the effectiv

shear stressg,y, at 0 K isobtained from

Thus, the strain-rate sensitivity due to the impurities
Sor the F—F is given by substitution of Equation 18 into
Equation 17 as follows

2E cospp/2) = ol b (12)
P 9t 3rp0T )/ To\ 72 (T 12)2
— = — —\| = o
and alng 2T, T Te
oL 2E\ V3 (29)
L = ( 0 > (12)
Tpob andis represented as a solid line in Fig. 3a for KCP:Sr
namely, (0.050 mol% in the melt) and b for KCI: 3 (0.035
mol% in the melt). The open circles, which are mea-
@0 _1{ TpoLob 23 sured for the specimens, is approximated to the solid
o T Cos oE (13) " line. Consequentry, the F—F seems to be a suitable

model for the interaction between a dislocation and the
where the line tension of the dislocations is calculatedmpurity in the specimens.
by b?. The shear modulug, for [110] direction is Substituting of the differential equation of the fol-
assumed to be.Q1 x 10'° Pa at 0 K [7]. The average lowing equation [4] with respect to the temperature into
spacing of impurities on the slip plane is given by [8] Equation 17, the strain-rate sensitivity due to the impu-
rities for the Fleischer's model can be obtained.

Lo = b/(4c/3)"* (14)
where the concentrations of the impuritiesare 55.2, 71\ 72 T\ 2
98.3, 121.8 p.p.m. for KCI: $t (0.035, 0.050, 0.065 (T—O) =1- <?) (20)
p c

mol% in the melt) from dielectric loss measurement. As
a result, the values afp are given in Table Il. There-
fore, since the values gk, for the specimens are above
about 140 degrees [9], it was confirmed that the above-
mentioned theory is appropriate for the interaction be:
tween a dislocation and the impurity in the specimens

Fomo
3.2. Dependence of the strain-rate %
sensitivity due to the impurities J
on the temperature £ 00sf

When a dislocation overcomes the impurity with the aid
of thermal fluctuations, the activation enthalpy, is 200 . ‘
given by the relation [10-13]: -0 100 200 300

alne ot @
T 3

The @Ine/dt)t in Equation 15 is obtained from the = ook
(At’/AlIné)p which is given by the difference between g
strain-rate sensitivity at first plateau region and at sece
ond one on the relative curve of strain-rate sensitivity3005 I
and stress decrement [2, 6, 14]. TAé1 can also be ?
expressed as the following equation on the assumptio
that the changes in entropy are neglected [10, 12] 000

0 ' 100 ' 200 300
T{K)
AH = okT (16) (b)

Figure 3 Relationship between the strain-rate sensitivity due to
the impurities and temperature for KCl%r (a) 0.050 mol%,
(b) 0.035 mol%. ( ) corresponds to the dependence of temperature
( ot > _ ( it ) T (17) and strain-rate sensitivity due to the impurities for the F—F and+-)

T

dlne ﬁ : E that for the Fleischer’s model(f) : (At’/Alng),, for the specimens.

Combining Equations 15 and 16, we find
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Namely, 100

B - g |

wheretyg is 14.5 MPa andy is 227 K for KCI: SF*
(0.050 mol% in the melt) [4]. The values ofp andT.
for the Fleischer’'s model is small in contrast to those.gy
for the F—F. In addition, the strain-rate sensitivity due to £
the impurities obtained from Equation 21 is represente: i
as a dashed line in Fig. 3a. Although the difference

between the strain-rate sensitivity due to the impuritie:

for the F—F and for the Fleischer’'s model is not almos!

observed above about 100 K, that for the F-F is larg , L .
as against that for the Fleischer’s model below 100 k 0 50 100 150

for the specimen as shown in Fig. 3a. {2/(3KT Tool 1= (T/ T 24 T/Te)2 (MPS'eV)

Figure 5 Linear plots of Equation 24 for KCI: 3t (O) 0.035 mol%,
(2) 0.050 mol%, (J) 0.065 mol%.

(MPa™)

9T

3.3. The enthalpy and the Gibbs free energy

of activation for the breakaway of the ) ) )

dislocation from the impurity _The Gibbs free energy for the interaction between a
The activation enthalpy for the interaction between gdislocation and the impurity is obtained from the fol-
dislocation and the impurity is calculated from the sub-lowing way. Differentiating the combining Equations 7
stitutional equation of Equation 18 in Equation 15, and 8 with respect to the shear stress gives
namely

dné _ (2AGo\ ()P, (T\"? | Inéo
AH =_kT2<AIn8) 0T - 3kT'L'0 T 70 ot
p

(23)

_3r T 1/2 1/242
« ( p0> (_C) {1 — <?> } (22)  Further substituting of Equation 9 in Equation 23 gives

2T, T c
- 1/2y -2 1/2

The values of the activation enthalpy derived from olne = ( 2AGo ) {1 — (I) } (l)
Equation 22 for the F—F are plotted as a function of tem- dt 3kTrpo Te Te
perature in Fig. 4. The value &H (T;) obtained from alngg
Fig. 4, which corresponds to the activation enthalpy for + 97 (24)
breakaway of the dislocation from the impurity at 0 K,
is 0.79 eV. wherery is replaced bytyo. Fig. 5 shows the result of

calculations of Equation 24 for the F—F. The open sym-
bols correspond to the\(In ¢/ At’), for the specimens.
From the slope of straight line, the Gibbs free energy
5 is 0.39 eV.

10

4. Conclusion

- £ For the interaction between a dislocation and the im-
purity in KCI: St (0.035, 0.050, 0.065 mol% in the

melt), it was confirmed that the Friedel relation can be

05F O A a taken into the Fleischer’s model from the valueggf

o Furthermore, it can be found that the interaction be-

tween a dislocation and the impurity in the specimen

- o can be approximated to the F—F on the basis of the de-

© o oo pendence of strain-rate sensitivity due to the impurities

ontemperature as shownin Fig. 3a and b. ThenT¢le

R 289 K for the specimen. The enthalpy and the Gibbs free

energy of activation, which are obtained from Figs 4

0-00 : 160 260 300 and 5, for the interaction between a dislocation and the

impurity are 0.79 eV and 0.39 eV respectively.

4H (eV)

T(K)

Figure 4 Proportional relationship between the temperature and the acti-
vation enthalpy for the interaction between a dislocation and the impurityReferences
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