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Creep behaviour and dislocation substructure as a function of strain was investigated for two 
solid solution alloys and the pure components in the KBr-KI system. The creep characteristics 
for the KBr-KI alloys are in good agreement with creep behaviour observed in other ionic and 
class I metallic solid solution alloys, where the creep rate is controlled by a viscous dislocation 
glide process. The creep resistance of the KBr-KI alloys is higher than that for the pure 
components at the same value of homologous temperature. The dislocation substructure of the 
KBr-KI alloys and pure components at large strains consists of well defined subgrains. 
Subgrain formation is shifted to larger strains in the alloys compared to the pure components 
as a result of solute drag forces on dislocations during glide. 

1. Introduction 
Recently, the creep behaviour of two single crystalline 
ionic solid solution alloy systems KC1-RbC1 [1, 2] 
and KCI-KBr [3, 4], which exhibit complete solid 
solubility over the entire composition range, has been 
investigated. Several important points were noted. 
First, the creep resistance of the ionic solid solution 
alloys was higher than that for the pure components at 
the same value of homologous temperature. Second, it 
was observed that the pure components (i.e. KC1) in 
both systems exhibited an extensive normal primary 
creep strain, stress exponent close to 5, nature of the 
creep transient after a stress reduction (the initial creep 
rate was slower than the steady state creep rate at the 
reduced stress), and well developed subgrains in the 
deformed samples whose size varied inversely with 
applied stress, suggesting that the creep behaviour of 
the pure components is similar to that exhibited by 
pure metals and class II metallic solid solution alloys 
and is controlled by a dislocation climb process. 
Third, a reduced primary stage compared to that for 
the pure materials, stress exponent close to 3, nature of 
the creep transient after a stress reduction (the initial 
creep rate was faster' than the steady state creep rate at 
the reduced stress) exhibited by the solid solution 
alloys in both systems is in good agreement with creep 
behaviour observed in class I metallic solid solution 
alloys, where the creep rate is controlled by a viscous 
dislocation glide process. Fourth, the dislocation sub- 
structure for the solid solution alloys at large strains 
(~ > 0.25, where a is true strain) consisted of well 
developed subgrains. For the case of the KC1-KBr 
alloys the dislocation substructure consisted of sub- 
grains whose size was larger than that for the pure 
components at an equivalent value of normalized 
stress, c~/G, (where c~ is the applied stress and G is the 
shear modulus) and varied inversely with applied 
stress. In contrast, the dislocation substructure ob- 

0022 2461 �9 1994 Chapman & Hall 

served in class I (glide control) metallic solid solution 
alloys is typically characterized by a random distribu- 
tion of dislocations rather than well developed sub- 
grains [5-10]. The above results suggest that the creep 
behaviour of ionic solid solution alloys is indeed 
similar to that observed in metallic solid solution 
alloys except for the nature of the dislocation sub- 
structure. In order to confirm this suggestion addi- 
tional experimental data in other ionic solid solution 
alloy systems is required. 

As a result, the present study was undertaken to 
investigate the creep behaviour in an additional ionic 
solid solution alloy system, KBr-KI, which also ex- 
hibits complete solid solubility over the entire com- 
position range. In particular to: 

1. observe how the creep resistance of the KBr-KI 
alloys compares to that for the pure components (KBr 
and KI) at the same value of homologous temper- 
ature; 

2. compare the creep behaviour of the KBr-KI 
solid solution alloys with that exhibited by the 
KC1-KBr, KC1 RbC1 and metallic solid solution allo- 
ys; and 

3. investigate the nature of the dislocation sub- 
structure for the KBr-KI alloys as a function of stress 
and strain. At present results on the dislocation sub- 
structure for ionic solid solution alloys as a function of 
stress and strain exist only for the KC1 KBr alloys. 

2. Experimental procedure 
The KBr-KI system was chosen for the present study. 
The KBr KI system exhibits complete solid solubility 
over the entire composition range [11]. Two solid 
solution alloys were selected: 

1. KBr-47 mol % KI, [KBr(53)-KI(47)], and 
2. KBr-25 mol%KI,  [KBr(75)-KI(25)]. Single 
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crystals of these two compositions and pure KI were 
obtained from the Crystal Growth Laboratory, Uni- 
versity of Utah. In addition, pure KBr single crystals 
were obtained from Solon Technologies Inc., OH. 
Spectrographic analysis revealed the total concentra- 
tion of aliovalent cation impurities was less than 
50 p.p.m, in each of the four different materials. The 
crystals were cleaved into { 1 0 0} right paralMepipeds 
of approximately 4 • 4 • 8 mm 3. The specimens were 
polished to ensure the ends of the specimens were 
parallel to each other and perpendicular to the side 
faces. 

The pure and solid solution alloy single crystals 
were deformed in uniaxial compression with the load 
applied along the ( 1 0 0 )  direction using the creep 
equipment and procedures previously described 
[1-4]. A majority of the creep experiments were per- 
formed at a single constant stress and temperature. All 
samples were annealed at the testing temperature in 
air for 2 h prior to testing. Samples were tested over 
the temperature range 640-700~ at true stresses 
between 0.30 to 4.0 MPa in air. Samples were typically 
deformed to true strains between 0.2 to 0.4. 

After completion of creep testing the samples were 
cooled rapidly under load to preserve the dislocation 
substructure formed during creep. The dislocation 
substructure was investigated using light optical 
microscopy on sections cleaved along { 1 00} planes 
parallel to the applied stress axis. The cleaved samples 
were chemically etched at room temperature in a 
solution composed of 20 mg of FeC13 and 5 ml of 
glacial acetic acid in 25 ml of isoproponal. 
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3. Results 
3.1. Creep curves 
Representative creep curves for the pure components 
and alloys tested along a (1 00)  direction are shown 
in Fig. 1. Fig. la is for KI and Fig. lb is for the 
KBr(53)-KI(47) alloy. The data in Fig. 1 are plotted 
as logarithm of creep rate versus true strain. An 
examination of Fig. 1 reveals two important results. 
First, both KI and KBr(53)-KI(47) exhibit a normal 
primary creep stage, where the creep rate decreases 
with strain, followed by a steady state period in which 
the creep rate remains essentially constant. Pure KBr 
[3, 4] and KBr(75) KI(25) also exhibit the same type 
of creep curve. Second, a primary creep strain of 
greater than 0.12 is required prior to the onset of 
steady state behaviour for KI. Pure KBr also required 
primary creep strains of at least 0.15 to achieve a 
steady state condition. The extent of the primary creep 
strain ( ~  0.06) for the KBr(53) KI(47) alloy is less 
than that for pure KI. Normal primary creep strains of 
less than 0.07 were exhibited by KBr(75)-Kl(25) prior 
to the onset of steady state behaviour. The length of 
the primary creep strain increased slightly at higher 
stress levels for both the pure components and the 
alloys. The extent of the primary creep strain for the 
alloys was always less than that exhibited by the pure 
components over the entire applied stress region in- 
vestigated. The reduced primary creep strain for the 
two alloys compared to that for the pure components 

Figure 1 Strain rate versus strain for (a) KI at T = 652 ~ and 
(b) KBr 47 tool % KI at T = 640 ~ ~ = 0.5 MPa. 

is consistent with behaviour observed in KC1-KBr 
[3, 4], KC1-RbCI [1, 2] and class I metallic solid 
solution alloys [5, 9, 12-19]. 

3.2. Stress dependence of the steady state 
creep rate 

The dependence of the steady state creep rate on the 
applied stress for the KBr, KBr(75)-KI(25), 
KBr(53)-KI(47) and KI single crystals is shown in 
Fig. 2. All four materials were tested at about the same 
homologous temperature, ~ 0.97 Tin, where Tm is the 
absolute melting temperature (KBr, T = 973 K, T m 
1007 K; KBr(75)-KI(25), T = 930 K, Tm ~ 959 K; 
KBr(53)-KI(47), T = 913 K, Tm ~ 941 K; KI, T = 
925 K, Tm ~ 954 K, where T is the absolute testing 
temperature [11]). The data in Fig. 2 are plotted as 
steady state creep rate, ~, versus applied stress, (y, on a 
double logarithmic scale. An examination of Fig. 2 
reveals four important results. First, both solid solu- 
tion alloys have creep rates that are lower than those 
for both KBr and KI over the entire applied stress 
range. For example, at a given applied stress, the creep 
rates for both alloys are between 100 to 1000 times 
lower than those exhibited by the pure components. 
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Figure 2 Steady state creep rate versus stress for ( �9  KBr, ( [ ] )  KI, 
( B )  K B r - 4 7 m o l % K I  and (O)  K B r - 2 5 m o l % K I  tested at the 
same homologous temperature, TIT m = 0.97. 

Second, the creep rates for both KBr and KI are 
approximately equal. Third, the creep rates for the two 
alloys are different. At a given applied stress, the creep 
rate for KBr(75) KI(25) is about a factor of 4 times 
faster than that for KBr(53)-KI(47). Fourth, the slope 
of the curves, the stress exponent, n, according to the 
relation, ~ -- k~", where k is a constant, is different for 
the alloys and pure components. The value of the 
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Figure 3 Stress exponent versus composition: TIT m = 0.97. 

stress exponent for the four materials as a function of 
composition is shown in Fig. 3. From Fig. 3 it is 
observed that the value of the stress exponent for KBr 
is 4.3 and 4.6 for KI. The values for KBr are in 
agreement with the previous results on both coarse 
grained and single crystalline KBr (n ~ 4.3-5.3) 
[20, 21]. At present no literature values are available 
for KI. The stress exponent for the KBr(75)-KI(25) 
alloy is 2.7. The stress exponent for the 
KBr(53)-KI(47) alloy is 2.6. The stress exponent for 
the two alloys is about the same. The decrease in the 
value of the stress exponent from 4.3 to 4.6 for KBr 
and KI to about 2.7 for the KBr(75)-KI(25) and 
KBr(53)-KI(47) alloys is in good agreement with 
behaviour observed in the KC1-NaC1 [22], 
KCI-RbC1 [1, 2] KC1-KBr [3, 4] ionic and Au-Ni 
[23] metallic solid solution alloy systems, where such 
a change has been attributed to a change in the rate- 
controlling creep mechanism from dislocation climb 
(n ~ 4-5) to viscous dislocation glide (n ~ 3). 

3.3. Creep t rans ien t  after a s t ress  r educ t ion  
Stress reduction tests were conducted on KBr(75)- 
KI(25), KBr(53)-KI(47), KBr and KI. An example of a 
typical stress reduction test for (a) KI, and 
(b) KBr(75)-KI(25) is shown in Fig. 4. The data in 
Fig. 4 are plotted as logarithm of creep rate versus 
true strain. In both cases samples were deformed at a 
higher applied stress into the steady state region at 
which point the load is reduced (shown by the dashed 
line in Fig. 4), and the creep rate at the reduced stress 
as a function of strain is recorded until steady state 
behaviour is achieved at the lower applied stress level. 
From Fig. 4a, for the case of KI it is observed that the 
initial creep rate after the stress reduction from 0.50 to 
0.30 MPa is slower than the steady state creep rate at 
the reduced stress of 0.30 MPa. Pure KBr exhibited a 
similar type of creep transient to that exhibited by KI 
[4]. The creep transient for KI and KBr is similar to 
that observed in pure metals and ionic solids (such as 
KC1) and class II metallic solid solution alloys, where 
dislocation climb is the rate-controlling process 
[1, 3, 5, 9, 12-19, 22]. In contrast, from Fig. 4b it is 
observed that the initial creep rate for KBr(75) KI(25) 
after stress reduction from 1.0 to 0.5 MPa is higher 
than the steady state creep rate at 0.5 MPa. The 
KBr(53)-KI(47) alloy exhibited a similar type of creep 
transient to that displayed in Fig. 4b. The nature of 
the creep transient for the KBr-KI  alloys is in good 
agreement with the behaviour observed in the 
KCI-NaC1, KC1-RbC1, KC1-KBr ionic and class I 
metallic solid solution systems, where dislocation glide 
is the rate-controlling process [1, 3, 5, 9, 12-19, 22]. 

3.4. Dislocation substructure 
The dislocation substructure for the pure components 
and the alloys was investigated as a function of strain 
and stress. The effect of strain was investigated by 
examining the dislocation substructure in KI and 
KBr(53)-KI(47) at different points (values of strain) of 
the creep curves (constant stress) shown in Fig. 1. 
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Figure 5 Volume fraction of material containing subgrains versus 
strain for (O) KI and (11) KBr-47 mol %: T/Tm = 0.97. 

Prior to creep testing no subgrains were observed in 
KI and KBr(53) KI(47). As strain accumulated, sub- 
grain formation was observed in both KI and 
KBr(53)-KI(47). The volume fraction of material con- 
taining subgrains, f, as a function of strain is shown in 
Fig. 5. A value of f =  1 corresponds to a material 
completely filled with subgrains. From Fig. 5 several 
important points are noted. First, at large strains both 
materials exhibit a dislocation substructure of sub- 
grains. An example of the dislocation substructure for 
KI and KBr(53)-KI(47) at large strains (a > 0.25) is 
shown in Fig. 6a and b, respectively. Second, subgrain 
formation is retarded (shifted to larger strains) in the 
KBr(53)-KI(47) alloy compared to KI. For example, 
the strain required to reach f =  1 is greater in the 
KBr(53)-KI(47) alloy (~ ,,~ 0.25) than in KI (~ ~ 0.12). 
Third, the strain at which the creep rate for KI reaches 
essentially a steady state value (e ~ 0.12) is the point at 
which the dislocation substructure approaches a vol- 
ume fraction of subgrains equal to unity. For the case 
of the pure component the macroscopic (creep rate) 
and microscopic (subgrains) behaviours reach steady 
state at about the same value of strain. In contrast, for 
the KBr(53)-KI(47) alloy, the value of strain (~ ~ 0.06, 
Fig. lb) at which point the creep rate reaches essen- 
tially a steady state value, the substructure consists of 
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Figure 6 Dislocation substructure for 
(b) KBr-47 mol % at true strain equal to 025. 
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a random distribution of dislocations with little evid- 
ence for subgrain formation ( <  5% subgrains). An 
example of the dislocation substructure at this point is 
shown in Fig. 7. It is important to note that the 
microscopic steady state for the alloy is one of the well 
developed subgrains (Fig. 6b). Thus, it appears for the 
case of the alloy that the macroscopic (creep rate) and 
microscopic behaviours (subgrains) do not reach 
steady state at about the same value of strain. Micro- 
scopic steady state is retarded compared to macro- 
scopic steady state for the case of the alloy. 

The effect of stress on the dislocation substructure 
was investigated for KBr, KBr(75) KI(25), 
KBr(53)-KI(47) and KI at strains of greater than 0.25, 
where the substructure for all four materials consisted 
of well defined subgrains. No subgrains were observed 
in the two alloys, KBr and KI, prior to deformation. 
The subgrain size of the alloys and pure materials was 
determined as a function of applied stress at the same 
value of homologous temperature, 0.97 Tin. The sub- 
grain size was measured using the linear intercept 
method. At least 150 subgrains were measured at each 
value of applied stress. The variation of the subgrain 
size, X, with applied stress is shown in Fig. 8. The data 
in Fig. 8 are plotted as normalized subgrain size, X/b, 
where b is the Burgers vector, versus normalized 
stress, o/G, on a double logarithmic scale. The Bur- 
gers vector for: KBr = 4.66 x 10-1~ m [24], 
KBr(75)-KI(25) = 4.75 x 10-1~ m [25], KBr(53)- 
KI(47) = 4.82 x 10- lo m [25] and KI = 4.98 
x 10- lo m [24]. Values of the shear modulus for the 

four materials were evaluated from the elastic con- 
stants using the relation [1, 26] 

G = 3/5 C44 + 1/5 ( C l l  - -  C 1 2  ) ( l )  

where C44, Cl l  and Ct2 are the elastic constants. 
Values of the elastic constants for KBr [27] and KI 
[28] at the testing temperature were obtained from 
experimental data. Room temperature elastic con- 
stants for the KBr(75)-KI(25) and KBr(53)-KI(47) 
alloys are available [25]. The elastic constants at the 
testing temperature for the alloys were extrapolated 
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Figure 8 Normalized subgrain size versus normalized stress for ( D ) 
KBr, (�9 KI, (O) KBr-47 mol % KI and (111) KBr-25 mol % KI: 
TIT m = 0.97. 

from the room temperature data [29]. The shear 
modulus for: KBr = 4.68 x 103 MPa, KBr(75) KI(25) 
= 4.24 x 103 MPa, KBr(53)-KI(47) = 3.96 x 103 MPa 

and KI = 3.43 x 103 MPa, at the testing temperatures 
given in Section 3.2. From Fig. 8 it can be observed 
that the subgrain size depends strongly on the applied 
stress for all four materials. The higher the applied 
stress, the smaller the subgrain size. The slope of the 
curve is about unity for both the pure components and 
the alloys. The subgrain size in the alloy is larger than 
that for the pure component at a given value of 
normalized stress (i.e.)LKBr(75)_Kl(25) > ~KBr)" 

Figure 7 D i s l o c a t i o n  s u b s t r u c t u r e  for  K B r - 4 7  m o l  % a t  t r ue  s t r a in  
e q u a l  to  0.06. 

4. Discussion 
4.1. Comparison of the creep rate between the 

pure components and the alloys 
From Fig. 2 it is observed that the creep rate for the 
alloys when compared to the pure components at the 
same homologous temperature ( ~  0.97 Tin), reveals 
the creep resistance of the alloys is much greater than 
that for the pure components. This result is in agree- 
ment with the behaviour observed in the KCI-RbC1 
[1, 2] and KCI-KBr  [2, 3] ionic solid solution alloy 
systems, where the alloys exhibited creep rates that 
were 20 to 1000 times lower than the pure components 
at a given value of applied stress when compared at 
the same homologous temperature. This result leads 
to an important point. It suggests the possibility of 
alloying,coarse grained or single crystalline structural 
ceramics, such as sapphire (Al/O3) fibres which are 
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under consideration as potential reinforcements in 
oxide-oxide composites for use at temperatures above 
1400 ~ where creep resistance is an important vari- 
able [30, 31], as a method to increase the creep resist- 
ance of the composite. The creep resistance of a fibre 
composite is primarily determined by the creep resist- 
ance of the reinforcing fibres [31]. Thus, any mech- 
anism which increases the creep resistance of the fibre 
will increase the creep resistance of the composite. 
Consequently, alloying for a structural oxide fibre 
such as At203 with Cr20 3, which forms a complete 
solid solution over the entire composition range, can 
reduce the creep rate of the A120 3 fibre and hence, the 
composite. 

4.2. Class of creep behaviour 
The creep characteristics of KBr and KI, including the 
value of the stress exponent (n ~ 4-5) length and 
shape of the primary creep curve (extended normal 
primary creep, ~ > 0.12 to reach steady state), nature 
of creep transient after a stress reduction (the initial 
creep rate is slower than the steady state creep rate at 
the reduced stress) and character of the dislocation 
substructure after deformation (welt developed sub- 
grains whose size varies inversely with applied stress), 
suggests that the creep behaviour of KBr and KI is 
similar to that exhibited by pure metals, class II met- 
allic solid solution alloys and other pure alkali halides 
where the rate-controlling mechanism is attributed to 
dislocation climb [12-19, 32-35]. More specifically 
subgrain data for the pure components KBr and KI, 
shown in Fig. 8, can be quantitatively compared to 
that for other pure alkati halides which develop well 
defined subgrains during creep. For pure alkali halides 
it is observed that the subgrain size varies with applied 
stress, according to the following relation [32, 33, 36] 

X/b = K(G/c~) ~ (2) 

where K and m are constants. For pure alkali halides 
the value of m is close to unity [32, 36]. For pure 
alkali halides K values between 2 to 210 have been 
reported [36]. The m and K values for KBr and KI 
determined from the data shown in Fig. 8 are 1.25 and 
42, and 0.93 and 55, respectively. The results for KBr 
and KI are consistent with the data reported in other 
pure alkali halides. 

The creep characteristics for the KBr(75)-KI(25) 
and KBr(53)-KI(47) alloys, including a stress expo- 
nent close to 3 versus 5 for the pure components, the 
reduced primary creep stage compared to the pure 
components and the results of the stress reduction 
tests (i.e. the initiat creep rate after a stress reduction is 
faster than the steady state creep rate at the reduced 
stress) for the alloys is in good agreement with creep 
behaviour observed in KC1-NaCI [22], KC1-RbCI 
[1, 2], KC1 KBr [3, 4] ionic and class I metallic 
[5, 8, 12-19] solid solution alloys, where the creep 
rate is controlled by a viscous dislocation glide pro- 
cess. 

For the case of the KC1-NaC1 [22, 37], KC1-RbCI 
[1], KC1-KBr [4] ionic solid solution alloys it has 
been shown, as is the case in most class I metallic solid 
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solution alloys, that the major force retarding disloc- 
ation glide is the dragging of solute ion atmospheres 
(Cottrell-Jaswon interaction [38]). For the case of 
viscous dislocation glide controlled by the dragging of 
solute atom (ion) atmospheres Mohamed and Lang- 
don developed a criterion for predicting the type of 
creep behaviour (climb or glide) for a number of 
metallic solid solution alloys [5,9, 15, 17, 37]. The 
criterion is based on the fact climb and glide are 
sequential mechanisms and, thus, the slower of the 
two is rate-controlling. It has been shown that the 
same criterion predicts the correct class of creep beha- 
viour for the KC1-NaC1 [37], KC1-RbC1 [ t ]  and 
KC1-KBr [4] solid solution alloys. The condition for 
a solid solution alloy to exhibit class I (glide) type of 
behaviour is given by [15, 37] 

k2(1 -- v) G-b > e2cb~--g (3) 

where B is a dimensionless constant ( ~ 8 x 10~2), v is 
Poisson's ratio, Dg is the diffusion coefficient for glide, 
Dc is the coefficient for climb, e is the solute-solvent 
size difference, c is the concentration of solute, 7 is the 
stacking fault energy, and k is the Boltzmann con- 
stant. It is of interest to examine whether the criterion 
given by Equation 3 can also correctly predict the 
type of creep behaviour (climb or glide) in the KBr-KI 
alloys. The applicability of Equation 3 to predict the 
creep behaviour in the KBr(75)-KI(25) and 
KBr(53)-KI(47) alloys is presented in the following 
section. 

In order to apply Equation 3 to the case of the 
KBr(75)-KI(25) and KBr(53)-KI(47) alloys, v, Dg, DE, 
e, c and 7 for these alloys must be known. For the 
KBr(75)-KI(25) and KBr(53)-KI(47) alloys c = 0.25 
and 0.47, respectively, with e = 0.122 and v ~ 0.34 for 
both alloys. At present no experimental data exists for 
Dg, Dc and 7 for the alloys. The stacking fault energy 
for the alloys can be estimated from the stacking fault 
energy for KBr and KI using creep data as suggested 
by Mohamed and Langdon [39]. The normalized 
stacking fault energy, "[/Gb, for KBr is 3.0 • 10-2 The 
normalized stacking fault energy, "fiG& for KI is 
2.7 • t0 -2. Values for ~,/Gb for the two KBr-KI alloys 
were obtained using a rule of mixtures [40]. The rule 
of mixtures yielded 7/Gb equal to 2.93x 10 - 2  for 
KBr(75)-KI(25) and 2.86 x 10 -2 for KBr(53)-KI(47). 
Since no data is available for Dc and Dg for the 
KBr(75)-KI(25) and KBr(53)-KI(47) alloys an estim- 
ate was made. It was previously shown that in a 
similar ionic solid solution system, KCI-KBr, where 
experimental data for D~ and Dg for the alloys was 
available, that the ratio of D~/Dg was between 0.9 to 
1.2 depending on the specific choice of Dc and Dg [4]. 
As a consequence of this result, in a first approxima- 
tion the ratio for D~/Dg for both the KBr(75)-KI(25) 
and KBr(53)-KI(47) alloys was set equal to unity. 

Fig. 9 is a plot of (kT/eGb3) 2 (l/c) versus (3t/Gb) 3 
(Dc/Dg) (c~/G) a on a double logarithmic scale. The 
solid line at 45 ~ represents the criterion given by 
Equation 3 using B = 8 x 1012. This line separates the 
dislocation climb controlled creep behaviour on the 
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left side from the dislocation glide controlled creep 
behaviour on the right side. Superimposed on Fig. 9 
are two dashed horizontal lines representing the ex- 
perimental conditions used for the KBr(75)-KI(25) 
and KBr(53)-KI(47) alloys. Also included in Fig. 9 are 
the experimental data for KC1-KBr alloys. From 
Fig. 9 it can be observed that the two dashed horizon- 
tal lines for the KBr-KI alloys fall on the right of the 
boundary, in agreement with the prediction of Equa- 
tion 3 (glide control). This result adds further con- 
firmation to the suggestion that the stress exponent of 
3 and the other creep characteristics for the alloys 
presented earlier, are indeed a result of creep behavi- 
our controlled by a viscous dislocation glide process. 
The results for the KBr-KI solid solution alloys also 
reveal that if the experimental conditions (i.e. applied 
stress is reduced) were changed slightly, that it may be 
possible to observe a change in creep behaviour for the 
alloys from control by glide to climb. At present no 
such transition has been reported in any ionic solid 
solution alloys. Current work is underway on the 
KBr-KI alloys to observe this transition in creep 
behaviour. 

4.3. Dislocation substructure 
The existence of subgrains in the KBr(53)-KI(47) and 
KBr(53)-KI(47) alloys is in agreement with the results 
for the KC1-KBr and KC1-RbCI alloys deformed to 
strains of 0.25 or greater [1, 2, 4]. It also has been 
recently reported that certain class I metallic solid 
solution alloys, AI-5 at % Mg [41-43], Fe-4.1 at % 
Mo [44] and Fe-6.3 at % Mo [45], deformed to large 

strains (~ > 0.20) in the n ~ 3 region exhibit a disloc- 
ation substructure consisting of well defined subgrains 
after deformation, rather than homogeneously dis- 
tributed dislocations. For the case of the AI-5 at % 
Mg and KC1-KBr alloys it was observed that the 
subgrain size for the alloy varied inversely with appli- 
ed stress, was larger than that for the pure material at 
a given value of normalized stress, ~/G, and subgrain 
formation in the alloys was shifted to higher strains 
compared to the pure components. These results are 
consistent with those exhibited by the KBr-KI alloys. 
The substructure observations for the ionic and metal- 
lic alloys are in agreement, suggesting similar creep 
behaviour between the two. 

It is of interest to note that many of the typical 
class I metallic solid solution alloys, where the sub- 
structure consists of random dislocations, were in 
general deformed to strains of 0.10 or less [6-9]. In 
almost all of these alloys the creep rate (macroscopic) 
had reached steady state behaviour. The substructure 
tbr the KBr-KI (Fig. 7), KC1-KBr [4] and A1-5 at % 
Mg [41-43] alloys at similar strains (e ,~ 0.10) where 
a steady state creep reached was achieved, also re- 
vealed a substructure consisting mostly of random 
homogeneous dislocations. However, the microscopic 
steady state behaviour for the KBr-KI, KC1-KBr and 
A1-5 at % Mg alloys is one consisting of well defined 
subgrains. The random dislocation distribution ob- 
served for these typical metallic class I solid solution 
alloys is not the steady state substructure. It is likely 
that given enough strain (~ > 0.20) these metallic allo- 
ys that exhibited random dislocations at ~ ~ 0.10 will 
have a substructure of well defined subgrains. 

The results of this study, combined with previous 
work, suggest that the microscopic steady state sub- 
structure for both the pure components and ionic and 
metallic alloys is one consisting of subgrains. Subgrain 
formation is shifted to larger strains in the alloys 
compared to the pure components as a result of solute 
drag forces on dislocations during glide. 

5. Conclusions 
1. The reduced primary creep stage, the value of the 

stress exponent (n ~ 3) compared with that for the 
pure components (n ,.~ 5) and the results of the stress 
reduction tests (i.e. the initial creep rate after a stress 
reduction is faster than the steady state creep rate at 
the reduced stress) for the KBr(75)-KI(25), 
KBr(53)-KI(47) alloys are in good agreement with 
creep behaviour observed in KC1-NaC1, KC1-RbC1, 
KCI-KBr ionic and class I metallic solid solution 
alloys where the creep rate is controlled by a viscous 
dislocation glide process. 

2. The creep behaviour of the KBr-KI alloys 
agrees with the prediction of the glide-climb criterion 
for solid solution alloys, assuming that the major force 
retarding viscous dislocation glide is due to the dragg- 
ing of solute ion atmospheres. 

3. The creep resistance of the KBr-KI alloys is 
higher than that for pure components at the same 
value of homologous temperature. 
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4. The dislocation substructure of the KBr-KI al- 
loys and pure components at large strains consists of 
well defined subgrains. The subgrain size for both the 
alloys and the pure components varies inversely with 
stress. The subgrain size for the alloys is larger than 
that for the pure components at an equivalent value of 
normalized stress. Subgrain formation is shifted to 
larger strains in the alloys compared to the pure 
components as a result of solute drag forces on disloc- 
ations during glide. 
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