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Abstract 

A computer simulation has been performed to examine the formation and breakdown 
of various extended dislocation barriers in a crystal of atomistically simulated 
aluminum. Under an appropriate stress tensor an extended mixed dislocation was 
found to decompose by one of its partial dislocations dissociating into a +[I IO] type 
stairrod dislocation and a glissile partial on an intersecting glide plane. The 
mechanism is shown to provide an efficient way to generate stacking faults, can be 
relevant to twin formation, and provides a stable barrier to dislocation motion. 

Preface 

It is a pleasure to help in honoring Professor J. C. M. Li by contributing to this volume. 
His work on defects throughout his career has led to significant advances in our 
understanding and has been an inspiration to his associates and peers. 

Introduction 

Models for extended dislocation reactions in fcc metals have focused on barriers and 
dipoles formed by dislocation intersection, on cross slip, and on direct dissociation of 
an extended dislocation under stress. A summary of the resultant configurations is 
listed in reference [I]. We have been performing atomistic computer simulations of 
dislocations and cracks in aluminum with interatomic potentials described by the . 
embedded atom method [2-41. The details of the computational methodology are 
given in reference [4]. The potential accurately represents the elastic constants and 
other properties of aluminum but gives a stacking fault energy of 30 mJlm2, which is 
somewhat low compared to experimental values of about 150 mJ/m2 [5]. Thus, the 
model may be taken to represent a fcc metal with intermediate stacking fault energy for 
the purpose of the dislocation calculations. The purpose of the present work was to 
examine such dislocations under large stress fields with no shear component that 
would produce a glide force on the dislocation. We wished to discern whether crack 
nucleation or slip nucleation on an intersecting slip system would be catalyzed by the 



dislocation. 

In the study, we found that an extended mixed dislocation decomposed to form an 
array that resembled a Lomer-Cottrell barrier but differed in detail. The configuration is 
described here and discussed with respect to dislocation glide mechanisms involving 
partial dislocations. 

Dislocation Model 

The coordinates for the dislocation are shown in Figure I .  The sense vector E, points 
into the page in the [0 I I ] direction and the mixed dislocation Burgers vector is CD = 
F[ I I 01. The dislocation is shown split into an edge partial Ca and a mixed partial 
aD bounding an intrinsic stacking fault on the glide plane (a). The elastic constant 
matrix c' rotated into these coordinates is 

-- 
1 -- 

c'11 c'12 c'13 

c'13 c'12 c'11 
c'12 c'22 c'12 

0 0 0 
0 0 0 

where 

0 0 4 4 5  
0 0 0 
0 0 c'45 
c'44 c'45 0 
c'45 c'55 0 

1 c'12 = T[C11+ 2c12 - 2c441 

c122= S [ C l l  +2c12+4c44] 1 

The magnitudes of the elastic constants are, all in GPa, are c11 = 97.9, c12 = 72.5, c44 = 
38.4, c'11 = 123.6, c'12 = 55.4, ~ ' 1 3  = 64.0, c'22 = 132.1, c ' ~  = 21.2, c'45 = -12.1 and c'55 
= 29.8. The above elastic constant matrix is of the simple kind for which the  
anisotropic elastic displacement field can be expressed analytically [6]. These 
displacements provide the  boundary conditions for the  atomistic model of the 
dislocations. 

The model shape is cylindrical with the dislocation sense vector, E,, parallel to the axis 
of the  cylinder as shown in Figure 2. The model consists of two cylindrical regions with 



periodic boundary conditions applied in the [01 I ]  direction. The innermost region, 
Region 1, contains the atoms which are free to move. The diameter of Region 1 is 10 
nm and is composed of 1351 atoms for the perfect crystal and 1357 atoms for the 
dislocated crystal. Fixed boundary conditions are employed for the atoms in Region 2. 
The function of the atoms in Region 2 is to provide neighbors for atoms in Region 1 
since the total energy of a given atom idepends on the electron density of its 
neighbors at location i and one-half of a pair potential between atoms i and 1. The 
electron densities and pair potential are cut off at 0.545 nm which is between the third 
and fourth nearest neighbors. As a consequence of the periodic boundary conditions 
in the [OI I ]  direction, there are two layers in the slab which means that the model 
consists of a slice of material of thickness equal to the repeat distance in the [OI I ]  
direction (0.2864 nm) . 

Results 

The lattice was strained biaxially with E= = E ~ ,  syy = 0. Hence, there was no glide 
force on the perfect dislocation or its partials. At an applied strain of 0.06 (compared to 
a computed maximum strain of 0.41 for perfect lattice under the same loading 
condition), the dislocation dissociated as shown in Figure 3. The Burgers vectors of 
the product partials were determined from integrals of the relative disregistry across 
the glide planes. The product partials are yD(c) and ay, a stairrod dislocation f [OT I ]  
of the minimum length Burgers vector type. In this and succeeding figures, the 
stacking faults are intrinsic. The plane (c), of course, has a large resolved shear stress 
of 0 .070~~  + 0.470,~ acting to produce a glide force on the partial yD for the geometry 
of Figure 3. 

The geometry of the product in Figure 3 closely resembles the Lomer-Cottrell barrier in 
Figure 4, the difference being the presence of the mixed partial yD for the former 
instead of the edge partial yA. Certain stresses would favor moving one glissle partial 
away from the barrier in these cases, producing an extensive area of trailing stacking 
fault. For such a process, the relative interaction forces for the cases of Figs. 3-5 are of 
interest. Figure 5 is another possible source of such an extensive stacking fault. A 
shear stress acting on the opposite sign edge components for the dislocation DA in 
screw orientation or on opposite sign screw components for the dislocation DA in 
edge orientation could force the partials apart. 

Different applied stresses with opposite sign resolved shear stresses would be 
required to move the partial yA away from the other partials in Figs. 4 and 5 compared 
to Figure 3. The orientations shown are selected to show the similar geometries of the 
arrays. Since we are interested in this instance only in relative forces, we present the 
results in Table 1 in terms of an isotropic analysis with forces per unit length of 
dislocation in units of w2 

72xr(l -v) 
, where p is the shear modulus, a is the lattice 



parameter, v is Poisson's ratio and r is the distance between the dislocations. 
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Short-Range Long-Range 
Case Interacting Pair Interaction Interaction 
Fig. 3 C a - a y  I 2 2 

Table 1. Interaction forces per unit length in units of 

indicates repulsion, a negative value attraction. 

m2 . A positive value 
72zr(l -v) 

I 0 I W-@ -1 I Fig. 3 ll 
Fig. 4 2 0 

Fig. 5, edge I YA-DY I -1 -1 

-1.5 I -1.5 YA-DY I Fig. 5, screw I 

Discussion 

The results in Table 1 show that the reaction of Figure 3 is a likely mechanism for the 
formation of a freely moving partial generating a trailing stacking fault. The short- 
range force that must be overcome by the resolved applied glide force is of the order of 
or less than (screw case) that required to split a perfect dislocation as in Figure 5. 
Moreover, the long range attractive interaction asymptotically vanishes, a more 
favorable trend than that for the case of Figure 5. The long-range interaction is the 
same for the cases of Figures 3 and 4. The short-range force required to pull the 
partial yA away from the barrier in Figure 4 is less than that required for the analogous 
pull away of the partial yD in Figure 3. However, the configuration of Figure 3 can form 
directly from the glide dislocation CD. That of Figure 4 instead forms from the 
intersection of two dislocations, say CB(a) and BA(c), so that the number of sources 
for such a reaction is likely to be less than that of Figure 3, particularly for small strains. 
The alternative of the Figure 4 barrier forming directly by the dissociation of CA in 
edge orientation on the (1 00) plane is even less likely. 

For both Figs. 3 and 4, once the partial on plane (c) has departed, the remaining 
partials on plane (a) are equivalent to a Frank partial Cy. That is, the remaining array 
is sessile. Hence, just as for the barrier in Figure 4, that in Figure 3 can produce a 
linear barrier dislocation array in a deformed crystal. 



Hence, the array in Figure 3 is relevant to several deformation phenomena in fcc 
crystals. First, in low stacking fault energy metals, profuse fault formation resulting 
from partial dislocation motion is often observed [7]. The reaction in Figure 3 can 
provide sources for such partials. Second, linear barriers are thought to contribute to 
work hardening in fcc crystals [8]. The reaction in Figure 3 can also provide such 
barriers. Third, a possible twin formation mechanism is that of a free partial wrapping 
a forest screw dislocation (or a group thereof) that subsequently acts as a screw pole 
for twin formation [9]. The process in Figure 3 can yield such a partial. Since the free 
partial emanates from a plane with low resolved shear stress, the reaction could also 
have consequences for nonproportional loading and multiaxial loading effects on 
constitutive behavior. 

Summary 

A dislocation on a plane with low resolved shear stress is shown to be a possible 
source for a gliding partial on an intersecting glide plane. The result is a free partial 
and a sessile partial dislocation. The free partial can produce an extensive area of 
trailing stacking fault and could act as a source for twinning. The sessile partial can 
act as a barrier to dislocation motion and could contribute to work hardening. 
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Figure 1. Coordinates fixed on the  line of the  dislocation CD(a). The sense vector 5 
points into the page. Dashed line indicates intrinsic stacking fault. View of a 
correspondingly oriented Thompson tetrahedron is also shown. 
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Figure 2. Atomistic simulation Regions. 



Figure 3. Further dissociation of the partial aD, from Figure 1, under stress. The sense 
vector 5 points into the page. 
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Figure 4. Lomer-Cottrell barrier. The sense vector 6 points into the page. 



f 

Figure 5. Dissociated dislocation DA(c). 
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