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Grain boundary sliding behaviour of copper and 
alpha brass at intermediate temperatures 

S. V. RAJ 
NASA Lewis Research Center, MS 49-1, 21000 Brookpark Road, Cleveland, 
Ohio 44135, USA 

The role of grain boundary sliding in copper and Cu-30% Zn in the temperature range 0.50 to 
0.72 T m, where T m is the absolute melting point of the material, is examined. First, sliding data 
obtained on these materials are presented. These results indicate that the stress exponent for 
sliding, ngbs, is similar to that for lattice deformation, while the activation energy for sliding, 
Ogbs, varies between about 0.5 Qc and 1.6 Qc, where Qc is the activation energy for creep. 
Next, a comparison of the published values of Qgbs for bicrystals and polycrystals suggests 
that grain boundary sliding in polycrystalline materials requires the accommodation of the 
sliding process, whereas in bicrystals, the absence of triple points and other grain boundaries 
results in intrinsic sliding. Finally, several models proposed for grain boundary sliding are 
discussed, and it is shown that they do not account for the observed results on copper and 
alpha brass. A phenomenological model is proposed, where it is assumed that grain boundary 
sliding results from the glide of dislocations on secondary slip planes. 

1. Introduction 
The current interest in developing materials for elev- 
ated temperature applications requires an understand- 
ing of the mechanisms controlling the creep behaviour 
of an engineering component during its lifetime. 
Typically, the range of temperatures in which these 
applications fall correspond to the intermediate tem- 
perature range between 0.3 and 0.7 Tm [1], where Tm is 
the absolute melting point of the material. At temper- 
atures above 0.3 Tin, grain boundaries in a polycrystal- 
line material attain an additional degree of freedom 
through the ability of neighbouring grains to slide past 
each other, and the amount of grain boundary sliding 
increases with temperature [2, 3]. In addition, the 
contribution of sliding to  the total strain increases 
significantly for many materials as the stress [4-10] 
and grain size [3, 7, 8, 11, 12] decrease. Grain bound- 
ary sliding can influence the creep life of an engineer- 
ing component significantly because it can lead to the 
nucleation of intergranular cracks and cavities, as well 
as to their possible growth and interlinkage. There- 
fore, a characterization of the sliding process, and an 
evaluation of the possible mechanisms governing this 
behaviour, can be useful in designing materials for 
elevated temperature applications. 

At low and intermediate stresses, the steady-state 
strain rate, ~, for lattice and boundary mechanisms 
can be usually represented by 

= A(DoGb/kT) (b /d)P(cy /G)"exp( -  Qc/RT)  (1) 

where Do is a frequency factor, G is the shear modulus, 
b the Burgers vector, k the Boltzmann constant, T the 
absolute temperature, d the grain size, ~ the applied 
stress, Qc the activation energy for the deformation 
mechanism, R the universal gas constant, and A, n and 

p are dimensionless constants. By definition, it follows 
that p = 0 for lattice mechanisms and p :~ 0 for 
boundary processes. 

Grain boundary sliding mechanisms are classified 
into two broad categories: Lifshitz sliding and 
Rachinger sliding [13]. In the former process, the 
compatibility between the sliding grains is maintained 
by diffusional accommodation [-14] either by 
Nabarro-Herring [15, 16] or Coble creep [17]. The 
main characteristic of Lifshitz sliding is that there is no 
change in grain neighbours. In contrast, Rachinger 
sliding, which is accommodated by plastic deforma- 
tion inside the grains, results in a change in grain 
neighbours [18]. In general, grain boundary sliding at 
intermediate temperatures involves Rachinger sliding 
when dislocation creep is the dominant deformation 
mechanism in the grain interior. 

The nature of the grain boundary sliding mech- 
anisms in copper and alpha brass at intermediate 
temperatures is examined. The paper is divided into 
three parts: First, a review of recent experimental data 
obtained on copper and Cu-30% Zn [19] is presented 
and compared with those reported in other investiga- 
tions. Second, it is demonstrated that none of the 
models proposed for grain boundary sliding are ap- 
plicable to these Observations. Third, a phenomeno- 
logical model is postulated for grain boundary sliding 
behaviour in the intermediate temperature range. 

2. Characteristics of grain boundary 
sliding in copper and alpha brass 

Several techniques exist for measuring the displace- 
ment at a grain boundary due to sliding in a poly- 
crystalline material, and these are reviewed elsewhere 
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Figurel Interference fringes at a grain boundary in a 
polycrystalline copper specimen deformed to 3.l % at 873 K under a 
stress of 10 .0MPa illustrating the two-beam interferometry 
technique for measuring v I : d = 250/am. 

[8]. A commonly used procedure is the two-beam 
interferometry technique where the vertical offset,/31, 
at any position along a boundary can be determined 
from measurements of the fringe displacement. The 
technique is illustrated in Fig. 1, where it is seen that 
the fringes are displaced by about half a fringe width 
due to grain boundary sliding. The vertical offset is 
then given by 

vx = No0~/2 ) (2) 

where N o is the number of fringe displacements and )~ 
is the wavelength of light 0~/2 = 0.3 gm in the present 
measurements). The error associated with an average 
value, gl, obtained from sliding measurements taken 
on 300 to 400 grain boundaries is typically about 10% 
1-19]. The strain due to grain boundary sliding can be 
calculated from [8, 20] 

~bs = ~ ( ~ l / d )  (3) 

where (p is a geometrical constant close to unity for 
many materials [8]. 

2.1 D i s p l a c e m e n t - t i m e  curves  
Fig. 2 shows typical variations of ~ and 51 with time, t, 
for selected polycrystalline copper specimens tested in 
the stress range 10.0 to 39.8 MPa and at temperatures 
between 673 and 900 K, respectively. The creep curves 
show a normal primary region after an instantaneous 
increase in strain followed by the secondary and ter- 
tiary creep regimes (Fig. 2a). The corresponding plots 
of ~1 against t shown in Fig. 2b also exhibit a primary 
region of decreasing sliding rate after an initial grain 
boundary displacement, where the latter increases 
with stress and temperature. However, steady-state 
behaviour, consisting of a linear increase in ~ with t, is 
not observed in the grain boundary sliding curves 
shown in Fig. 2b, and this observation is fairly repres- 
entative of variations of #1 with time at other stresses 
and temperatures. Instead, the grain boundary sliding 
rate tends towards zero as creep progresses as is 
evident for the data obtained at 873 K and 10.0 MPa. 
(It is important to note that due to experimental 
difficulties, only a limited number of data points could 
be obtained on each specimen in this investigation 
[19]. Two factors limited the number of measure- 
ments that could be made: an increase in the number 
of cracked and cavitated boundaries with creep strain, 
and a progressive tarnishing of the initially polished 
surface at longer times despite the fact that the speci- 
mens were tested in an argon atmosphere. Despite 
best efforts to measure the fringe displacements at as 
many boundaries as possible, it is possible that both 
these factors may have biased the measurements at the 
longer times and higher strains.) This decrease in the 
rate of sliding with time resulting from slide hardening 
has been observed in copper bicrystals [21] and other 
materials [22, 23]. 

Similar grain boundary sliding curves are observed 
for Cu-30% Zn, and Fig. 3 represents typical vari- 
ations of s and ~1 with t for this alloy. The nature of 
the primary creep curve for this material was depend- 
ent on stress and temperature, and normal, sigmoidal, 
linear and inverse primary transients were observed 
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under different conditions [19]. For example, sigmoi- 
dal and normal creep behaviour were observed at 
723 and 773 K, respectively, under a stress of about 
40 MPa (Fig. 3a). In general, there was an apparent 
correlation between the nature of the primary creep 
curve and the initial sliding behaviour. This is demon- 
strated in Fig. 3, where the f l - t  plot at 723 K (Fig. 3b) 
exhibits an incubation period corresponding to the 
initial portion of the sigmoidal primary creep curve 
shown in Fig. 3a. Similarly, incubation periods were 
observed under stress and temperature conditions 
leading to inverse primary creep. However, normal 
primary creep did not result in an incubation period in 
the sliding curves (Fig. 3). 

2.2. Effect of total strain 
The above observations of slide hardening in copper 

and incubation periods in alpha brass suggest an 
apparent correlation between grain boundary sliding 
and intragranular deformation. This is demonstrated 
in Fig. 4 where ~, defined as the ratio egbs/~, is plotted 
against the total strain, ~, for different stresses and 
temperatures. It is evident from Fig. 4 that grain- 
boundary sliding contributes significantly to the total 
strain within the first 0.5% of deformation in both 
materials. In copper this contribution is about 40% 
(Fig. 4a) while it is about 45% in alpha brass after an 
initial incubation strain of about 0.3% (Fig. 4b). How- 
ever, ~ decreases sharply with increasing strain for 

> 0.5% so that the contribution from grain boun- 
dary sliding is less than 10% when e > 4%. The 
somewhat higher contribution from grain boundary 
sliding observed in the alloy can be attributed to its 
smaller grain size. As shown in Fig. 4, ~ is not signific- 
antly dependent on stress and temperature. 
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2.3. Stress dependence of grain boundary 
sliding 

Fig. 5 shows the stress dependence of the initial grain 
boundary sliding rate, ~ ,  where ~1 was evaluated from 
slopes of the increasing portion of the Ol-t plots. The 
choice of the initial, rather than the steady-state slid- 
ing rates was influenced by the observed slide-harden- 
ing tendency in copper which made it impossible to 
evaluate the steady-state sliding rates in a consistent 
manner. The magnitude of the stress exponent for 
sliding, ngb,, varies between 4.2 and 4.6 for both mater- 
ials (Figs 5a and b). These values compare favourably 
with n ~ 4.2 for steady-state creep for these materials 
as shown in Fig. 6, where the initial sliding strain rate, 
~gb, (i.e. 5I/d) and k are plotted against ~ double 
logarithmically. The steady-state creep rate data on 
copper and Cu-30% Zn are reported elsewhere 
[19, 24]. Once again, these results are consistent with 
the idea that grain boundary sliding in these materials 
is influenced by lattice deformation. It is also evident 
from Fig. 6, that the initial sliding rates are signifi- 
cantly lower than the steady-state creep rates. 

This similarity in the values of n and r/gbs is signi- 
ficant in view of the fact that it is not clear at present 
whether ngbs < /'/ [25] or ngb, ~ n [26]. Langdon and 
Vastava [25] concluded from an examination of pub- 
lished data that generally r/gbs < n. However, Gifkins 
[26] has pointed out that such direct comparisons 
between data obtained from different investigations 
are probably invalid, partly because the experimental 
technique used for measuring grain boundary sliding 
varied from one investigation to another, and partly 
because the values of the stress exponents for creep 
were not always determined in the same study. In- 

stead, he concluded from a re-analysis of the data 
reported in the original investigations, that ngb, ~ n in 
most instances. The results shown in Figs 5 and 6 are, 
therefore, consistent with the latter conclusions. 

2.4. Temperature dependence of 
grain boundary sliding 

Fig. 7 shows the variation of the temperature- 
compensated initial sliding rate against the inverse of 
the absolute temperature for these materials. As 
shown in Fig. 7a, the activation energy for sliding, 
Qgbs, increases from about 120 kJmo1-1 at 39.8 MPa 
to about 280 kJ tool-  1 at 10.0 MPa for copper. Sim- 
ilar values of Qgbs a r e  also obtained for Cu-30% Zn 
at a value of c~ = 39.7MPa (Fig. 7b), where 
Qgbs ~ 95 kJ tool-  1 for T < 770 K and Qgbs ~ 280 kJ 
mol -  t when T > 770 K. In fact, if the stress depend- 
ence of v~ is incorporated into the normalization 
parameters* as shown in Fig. 8, it becomes evident 
that these low and high values of activation energies 
may correspond to two independent deformation 
regimes. Alternatively, it is also possible to interpret 
these results as indicative of the dominance of a single 
mechanism with a range of stress and temperature- 
dependent values for Qgbs varying between 100 and 
325 kJmol  -~, so that the data shown in Fig. 8 may be 
better represented by a smooth curve. These appear to 
be the first reported observations of a change in the 
magnitude of Qgbs with temperature (and stress) for 
polycrystalline materials. 

The activation energy for creep of cop.per was found 
to be stress dependent varying between about 
180kJmo1-1 at (~/G = 3 x 10 -4 and about 

* Note that the data tend to come together when a value ofngbs = 4.2 is used in the normalizing parameter. This confirms that the magnitude of 
ngbs ~ n ~ 4.2 determined earlier is correct. 
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Figure 6 Variation of ( ) the initial sliding strain rate, ~gb~, and ( - - - - )  the steady-state creep rate, ~, with stress for (a) copper, 
d = 250 gm and (b) Cn-30% Zn, d = 120 gin, T = 823 K, showing the similarities in the stress dependencies of both variables. The steady- 
state creep rate data on copper and Cu-30% Zn were obtained from [24] and [-19], respectively. 

135 kJmo1-1 at o/G = 2.0 x 10 .3 [23] under similar 
experimental conditions. Comparing the activation 
energies for creep and grain boundary sliding at sim- 
ilar values of ~/G at which these data were obtained, it 
is found that 0.77 Qc ~< Qgbs ~< 1.55 Q~ for polycrystal- 
line copper. Similarly, noting that the activation 

energy for lattice diffusion, Q~, in copper is about 
210kJmo1-1 [24], the magnitude of Qgbs increases 
from about 0.57 Qt at the lower temperatures and 
higher stresses to about 1.33 Q1 at the higher temper- 
atures and lower stresses. In the case of Cu-30% Zn, 
Qc exhibited a weaker dependence on the applied 
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normalized stress with Qc~ 180kJmol -~ at cl/G 
= 3.0 x 10 -4 and Qc ~ 170kJmo1-1 at ~/G = 2.0 
x 10 -a [19]. Thus, 0.56 Qr < Qgbs ~< 1.56 Qr for the 

data shown in Fig, 7b. Because the effective activation 
energy for diffusion in the alloy is about 180 kJ mol - 
[19], the magnitude of Qgbs varies from about 0.53 Q~ 
at the lower temperatures to about 1.56 Q] at the 
higher temperatures. 

3. D i s c u s s i o n  
It is clear from the review of experimental data pre- 
sented in Section 2 that the characteristics of the 
grain boundary sliding mechanisms in copper and 
Cu-30% Zn are essentially similar, except for the fact 
that grain boundary sliding in the alloy is generally 
associated with an incubation period whenever the 
primary creep curve exhibits inverse, linear or sigmoi- 
dal behaviour. These results clearly demonstrate the 
influence of intragranular creep on grain boundary 
sliding. In addition, the observations of slide harden- 
ing in copper, an incubation period in the alpha brass, 
and the high values of Qgbs suggest that sliding does 
not occur easily in these materials. 

3.1. A compi lat ion of activation energies for 
sliding in copper and Cu-30% Zn 

The high values of Qgbs >~ QI (or Qc) for copper and 
Cu-30% Zn do not agree with observations on other 
materials for which, in general, 0.6 Q] ~< Qgb~ ~ Q1 

[25]. Fig. 9 shows the range of values of Qgbs as a 
function of the absolute temperature reported in sev- 
eral investigations on copper bicrystals [21, 27, 28], 
and polycrystalline copper [18, 19] and alpha brass 
[19,29]. The activation energies for lattice and 
intrinsic diffusion in copper and Cu-30% Zn, 
respectively, as well as the absolute melting temper- 
atures for each material, are also indicated in 
the figure. The activation energies for intrinsic diffu- 
sion of copper and zinc in Cu-30% Zn, which were 
determined from a compilation of experimental diffu- 
sion data, were found to be Qcu ~ 175kJmol - t  
and Qz, ~ 165 kJ mol-t ,  respectively [19]. 

A comparison of the bicrystal sliding data on cop- 
per indicates that the values of Qgbs reported by 
Lagarde and Biscondi [28] are in good agreement 
with the observations of Watanabe and Davies [21] in 
a similar range of temperatures. However, both these 
sets of data have values of Qgbs which are considerably 
less than those reported by Intrater and Machlin [27]. 
Considering the data for the polycrystalline materials 
shown in Fig. 9, it is seen that there is a tendency for 
the magnitude of Qgbs to  increase with grain size at the 
lower temperatures. There is also an apparent increase 
in the transition temperature at which Qgbs >> Q~ with 
increasing grain size as is evident through a com- 
parison of the data for copper and Cu-30% Zn [19]. 
It is obvious from Fig. 9 that there is a wide variation 
in the reported values of Qgbs and in the nature of its 
temperature dependence for bicrystalline and poly- 
crystalline copper. For example, for the bicrystal data 
reported by Lagarde and Biscondi [28], Qgbs decreases 
from a value of about QI when T < 720 K to about 
0.15 Qt when T >  720K. In contrast, Qgb~ for poly- 
crystalline copper [19] increases from about 0.57 Ql 
when T < 873 K to about 1.33 Ql for T > 873 K. This 
variation in the activation energies may be due to 
differences in the nature of the grain boundary sliding 
mechanism in bicrystals and polycrystals because slid- 
ing in the latter must be accommodated at the triple 
points [25]; in contrast, there are no triple points to 
hinder sliding in bicrystals. 

3.2. Evaluation of grain boundary sliding 
models 

Grain boundary sliding mechanisms fall into two cat- 
egories: intrinsic and extrinsic models, and these are 
discussed in detail by Langdon and Vastava [25]. As 
shown in Table I, the intrinsic sliding models [14, 21, 
30, 31] typically predict a value of r/gbs = I and 
Qgbs = Qgb, where Qgb is the activation energy for 
grain boundary diffusion. Because rtgbs ~ 4.2 to 4.6 for 
copper and Cu-30% Zn (Section 2.3), it can be conclu- 
ded that the intrinsic grain boundary sliding mech- 
anisms are not important in these polycrystalline 
materials. Similarly, Langdon and Vastava [25] have 
demonstrated that the experimental value of r/gbs a r e  
greater than 1.0 for other polycrystalline materials. 

A number of mechanisms have been proposed for 
polycrystalline materials which differ from each other 
based on the nature of the accommodating process 
[25]. The values of ngbs and Qgbs predicted by these 
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models are compared in Table II with the experi- 
mental data on polycrystalline copper and alpha brass 
discussed in Section 2.0, where Qgbm is the activation 
energy for grain boundary migration. Assuming that 
Qgbm and Qgb a r e  equal to about 0.5 Ql, it is evident 
from Table II that the predicted magnitudes of Qgbs do 
not agree with the experimental data obtained on 
copper and Cu-30% Zn when T > 873 and 770 K, 
respectively. In addition, the values of ngbs predicted 
by the Langdon [32], Gifkins [33], and the Crossman 
and Ashby [34] models do not agree with the experi- 
mental values at all temperatures. Although the mag- 
nitudes of r/gbs and Qgbs predicted by the Nix model 

T A B L E  I Values of ngbs and Qgbs for intrinsic grain boundary 
sliding models 

Model ngbs Qgbs Mechanism 

Raj and Ashby 1.0 Q~b Diffusional 
[14] accommodation 

Watanabe and 1.0 - Glide and climb of components 
Davies [21] of a lattice dislocation in the 

grain boundary 

Gates [30] 1.0 Qgb Glide and climb of grain 
boundary dislocations 

Ponds et al. 1.0 Qgb Dislocation climb in the grain 
[31] boundary plane 
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T A B L E  I I  Comparison of (a) grain boundary sliding models for 
polycrystalline materials with (b) the experimental results on copper 
and alpha brass 

(a) Grain boundary sliding models 

Model rtgbs Qgbs Mechanism 

Nix [18] 4.0 

Langdon [32] 2.0 

Gifkins [25, 33] 3.5 

Crossman and 1.0 
Ashby [34] 

Qgbm Grain boundary migration 
coupled with sliding 

Qi Dislocatiort climb and glide 
near grain boundaries 

QI Triple-point fold formation 

Qgb Intragranular power-law creep 

(b) Experimental results on copper and alpha brass [19] 

Material T o" rlgbs Qgbs/Ql 
(K) (MPa) 

Cu 673-873 39.8 4.2-4.5 0.6 a 
873-973 10.0 4.5 1.3 a 

Cu-30% Zn 673-770 39.7 - 0.5 b 
770-823 39.7 4.6 1.6 b 

a Q1 = 210 kJ tool-1 [24]. Grain boundary migration was observed 
at a few isolated boundaries only when T >/873 K. 
b QI = 180 kJ tool-1 [19]. This value was estimated from equations 
for complex diffusivity for viscous glide and climb-controlled 
intragranular mechanisms [35-37] using tracer diffusion data for 
copper and zinc in the alloy [19]. An identical value of Q~ was 
obtained for both types of intragranular creep mechanisms. 



[-18] are in reasonable agreement with the experi- 
mental data below the transition temperature, this 
agreement must be considered fortuitous because no 
grain boundary migration was observed at these tem- 
peratures and stresses. It is therefore concluded that 
the current models for grain boundary sliding do not 
adequately describe the sliding behaviour in poly- 
crystalline copper and alpha brass. This discrepancy 
between theory an d experiment has also been reported 
for other materials [252. 

t O 

Grain 
boundary ~ 

plane 

(a) / ~!1 '~ 

3.3. A phenomenolog ica l  model for sliding 
The observation of an incubation period for sliding in 
Cu-30% Zn is significant. The close correspondence 
between the occurrence of sigmoidal or inverse pri- 
mary creep and an incubation period for sliding sug- 
gests that the grain boundary sliding mechanism is 
influenced by the mobile dislocation density in the 
grain interior, because it is now generally accepted 
that sigmoidal and inverse primary creep in solid 
solution alloys result from a low initial mobile dis- 
location density [38]. Therefore, it follows that no 
incubation period would be observed when a sufficient 
number of mobile dislocations are active in the grain 
interior during creep, as would be the case when a 
normal primary transient is observed. The observa- 
tions on copper (Fig. 2) and Cu-30% Zn (Fig. 3) are 
consistent with this viewpoint. This rationale suggests 
that the grain boundary sliding behaviour in both 
materials is influenced by intragranular creep which 
is consistent with other observations reported in 
Section 2. 

More importantly, the values of Qgbs >~> Q], and its 
dependence on stress and temperature, suggest that 
the rate-controlling mechanism for grain boundary 
sliding at intermediate temperatures is non-diffusional 
in nature. Therefore, any mechanism proposed to 
explain these results on copper and alpha brass must 
consider this fact, together with the role of lattice 
deformation on sliding. A probable mechanism for 
grain boundary sliding is shown in Fig. 10, where it is 
assumed that slip on the primary glide plane leads to a 
build-up of stress at its intersection with the grain 
boundary at C (Fig. 10a) and the formation of a ledge 
(Fig. 10b). In the absence of diffusional relaxation of 
this stress concentration, slip can commence on a 
secondary slip plane close to the grain boundary when 
the resolved magnitude of this stress concentration 
exceeds the critical resolved shear stress, ~s, for that 
plane thereby resulting in sliding at the boundary 
(Fig. 10b). Thus, the rate of glide of the secondary 
dislocations would govern the rate of sliding. 

By its very nature, the model predicts that the 
amount of sliding would vary along the boundary, and 
these localized variations in the extent of sliding were 
observed quite frequently [19]. Furthermore, the 
model suggests that sliding can become difficult under 
certain circumstances such as: a decrease in the num- 
ber of primary dislocations; the unavailability of suf- 
ficient number of secondary slip systems; a relaxation 
of the stress concentration at C in Fig. 10a due to 
recovery; or a decrease in the stress concentration due 

t O 

Groin 
bo unda r y-~\ 

C/Ledge ~ 

! \ 
/ - ~ ~ Prirnary slip 

Secondary 
slip plane $~ 
(b) 

Figure 10 Phenomenological model for grain boundary sliding. 
(a) Primary slip leads to a build-up of stress at C, and a ledge as 
shown in (b). Secondary slip occurs in the absence of a relaxation of 
this stress concentration which results in grain boundary sliding. 

to cavitation. These factors can individually or collec- 
tively result in high values of Qgbs, a tendency towards 
slide hardening, and the observation of an incubation 
period for sliding. For example, recent observations of 
surface slip features on copper showed relatively few 
primary slip lines under conditions when Qgbs >~ Qc, 
whereas cross slip and secondary slip features were 
observed extensively when Qgbs < Q] [19]. Similarly, 
as discussed in Section 2.1, the observation of an 
incubation period for sliding in alpha brass appears to 
be related to a 10w initial mobile dislocation density. 

4.  C o n c l u s i o n s  
1. An examination of grain boundary sliding data 

obtained on copper and Cu-30% Zn showed that 
varies between 40% and 50% during the initial stages 
of creep but it decreases rapidly with increasing strain 
to less than 10% when e > 5%. 

2. The grain boundary sliding behaviour in these 
materials is influenced by the deformation processes 
occurring within the grain interior as indicated by the 
observation of an incubation period for sliding in the 
alloy, the strong correlation between ~ and e, and 
the similarities in the values of n ~ ngbs -~ 4.5. 

3: The activation energy for grain boundary sliding 
in copper and Cu-30% Zn varies between about 
0.50 Qc and 1.60 Qc, and it increases with decreasing 
stress and increasing temperature. 

4. Several models for grain boundary sliding are 
reviewed briefly and it is shown that they are not 
consistent with the experimental observations. 
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5. A phenomenological model is proposed which 
assumes that primary slip leads to a stress concentra- 
tion at the intersection of the primary glide plane and 
the grain boundary. It is suggested that sliding results 
when the magnitude of this stress concentration ex- 
ceeds the critical resolved shear stress of a secondary 
slip system close to the grain boundary. 
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