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The effect of nitrogen on the structure and
mobility of dislocations in Fe—Ni-Cr austenite
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The structure and the critical resolved shear stress for the motion of the straight a/2(110>
edge and screw dislocations in Fe-Ni~Cr and Fe-Ni~Cr-N austenite have been analysed using
the conjugate gradient method to minimize the potential energy of the crystal and the
embedded atom method to quantify atomic interactions at 0 K. In Fe-Ni—Cr austenite both
the edge and the screw dislocations dissociate along one of the {111} planes forming

a stacking-fault ribbon. The ribbon widths are comparable to their values calculated using
continuum theory. Dissociated edge and screw dislocations require very similar levels of shear
stress for their motion. In Fe-Ni-Cr—N austenite, the structure of the dislocation core of the
a/2{110) edge dislocation does not seem to be significantly affected by the presence of
nitrogen. In sharp contrast, the core structure of the dissociated a/2¢110) dislocation undergoes
a major change, resulting in spreading of the core on to two or more non-parallel planes. As
a result, a significantly higher level of stress is required for the motion of a screw than an
edge dislocation. Under certain conditions the interaction of nitrogen atoms with screw
dislocations can result in pinning of the dislocations. The potential mechanism for the motion of
the pinned screw dislocations by formation and motion of edge-type kinks is briefly discussed.

1. Introduction

It is well established [1, 2], that addition of mitrogen
into Fe-Ni—Cr austenite causes dislocations to
become predominantly screw type. In addition,
Fe-Ni~Cr-N alloys show an “unusually” high tem-
perature dependence of flow stress at lower temper-
atures [3]. These characteristics, the predominance of
screw dislocations and the rapid increase in flow stress
with decreasing temperature, are typically found in
bce alloys, not fcc alloys like austenite (e.g. [4]). The
behaviour of bcc alloys is rationalized in terms of
lower mobility of screw dislocations, which is caused
by a non-planar sessile configuration of their core
[4-6]. Recently, the presence of nitrogen in Fe-Ni—Cr
austenite was also reported to cause non-planar dis-
sociation of the a/2¢{110) screw dislocations [7]. In
the present paper, the effect of nitrogen on the core
structure and relative mobility of the a/2{110) edge
and screw dislocation in Fe—Ni—Cr alloys is examined
using atomistic simulation. All the simulations were
done at 0 K using the conjugate gradient method [8]
to minimize the potential energy of the crystal with
respect to atoms positions. The use of the conjugate
gradient method in the atomistic simulations of the
dislocation core structure has been recently reviewed
[7] and will not be repeated here.

2. Embedded-atom method
The embedded-atom method (EAM) was originally
developed by Daw and Baskes [9, 10], and its theory
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and application have recently been reviewed [117]. In
the EAM the potential energy, E,., of a system con-
taining N atoms is defined as

N N
Evr = X E(p) + Y &) (1)
i=1 i<j
i,j=1
where Fi(p;) is the energy to embed an atom in the
electron density, p;, at the location of atom i, and
¢;;(r;;) 1s the two-body Coulombic interaction poten-
tial between atoms i and j separated by a distance r;;.
The electron density, p;, at the location of atom i is
given by a linear superposition of spherically averaged
atomic densities of all other atoms in the system, p} as
follows

pi = Z pj(ry) 2
i=1
i
The atomic densities are generally determined using
the Hartree-Fock theory and double-zeta electron
density functions as tabulated by Clementi and Roetti
[12].
The ¢;;(r;;) potential is typically represented as

Qiriy) = Ziri) Zi(rij)/r; 3

where Z; and Z; are, respectively, the effective charge
functions for atoms i and j which are positive quanti-
ties which decrease monotonically with the inter-
atomic distance r;;.

Using experimental data for the cubic elastic con-
stants, the cohesion energies, the equilibrium lattice
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parameters, and the heats of mixing in the limit of
infinite dilution, Grujicic and Zhou [11] recently de-
termined the F{p;), p(r;;) and &; (r;;) functions for iron,
nickel, chromium and nitrogen in the Fe-Ni~Cr—N
austenitic steels. These functions have been utilized in
the present paper to quantify atomic interactions in the
computational crystal used in computer simulations.

Our preliminary results showed that the structure
of the dislocation core in the Fe-Ni—Cr austenite is
somewhat affected by the local chemical composition
and the atomic order. In order to eliminate this effect
and determine the general influence of nitrogen on the
dislocation core structure we applied the effective
atom method, in which the metallic sublattice in the
austenite 1s regarded as an aggregate of identical
(effective) metallic atoms [11, 13]. The embedding en-
ergy and the electron density functions for the effective
(metallic) atoms are defined as a weighted average of
the corresponding functions for iron, nickel and
chromium

Feelp) = z yiFi(p) )
i=Fe,Ni,Cr

Pesc(r) = 2 yipi(r) )
i=Fe,Ni,Cr

The effective pair potential function is defined as a
weighted average of the pair potentials between iron,
nickel and chromium: and their “average” neighbours.
That is

Pegelr) = Z Vi) (6)
i=Fe,Ni,Cr
where
(biu(r) = z y,-d)i,-(r) for i = Fe, Ni, Cr
Jj=Fe,Ni,Cr

™

Substitution of Equation 7 into Equation 6 yields

d)eff(r) Z Z

i=Fe,Ni,Cr j=Fe,Ni,Cr

(2-8:)y1ydi;(r) 8

where 0;; is the Kroenecker delta function and y is the
metal site fraction.

Based on Equations 3 and 8§, the effective charge
function for the effective atoms is

Zeff(r) = Z Z

i=Fe,Ni,Cr j=Fe,Ni,Cr

(2=3;)yiyiZAr)Z;(r)

©)

Using Equations 4, 5, 8 and 9 and the F;(p;), pdr), $i7)
and Z;{r) functions for iron, nickel and chromium
from our previous work [11], the effective functions
Fege (), Per (1), Pets (r) and Zg (1) were determined.
To avoid surface effects and simulate the behaviour
of an infinite dislocation, periodic boundary condi-
tions were applied in the direction parallel to the
dislocation line. When nitrogen is introduced into the
computational crystal to study its effect on the dis-
location structure due to periodic boundary condi-
tions, nitrogen atoms form an infinite string of atoms
parallel to the dislocation line, and hence, there is an
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unrealistically high (line) concentration of nitrogen.
To overcome this problem, the periodic length of the
computational crystal in the dislocation line direction
has to be increased by a large factor, making the size of
the computational crystal prohibitively large and the
computation impractical. It must be noted that be-
cause an unphysically large concentration of nitrogen
atoms was used in the present study, the results ob-
tained could be used only for a qualitative analysis of
the effect of nitrogen.

3. Computational procedure
3.1. Computational crystal and dislocation
generation
3.1.1. Edge dislocation
A rectangular computational crystal containing ini-
tially 5148 atomic sites arranged on two interpenetrat-
ing fcc lattices was used in the analysis of the edge
a/2{110> dislocation. The orientation and the size
of the crystal are given in Fig. 1. The edge sizes are
expressed in terms of the number of non-equivalent
(220), (111) and (112) planes in either of the two
sublattices. Initially, equivalent (metallic) atoms were
placed on to one of the fcc lattices and the potential
energy of the crystal minimized under the conditions
of flexible periodic conditions along all three principal
directions. This procedure yielded the equilibrium lat-
tice parameters at 0 K. All the subsequent calculations
were done under the condition that the lattice para-
meter remains fixed.

To generate an a/2[110] edge dislocation, two
neighbouring [220] half-planes were removed from
the bottom half of the crystal. This procedure reduced
the total number of lattice sites to 5172. To help the
resulting edge dislocation dissociate into two
Shockley partial dislocations, one of the adjacent
(2 20) half-planes was shifted into the position of one
of the “missing” half-planes, Fig. 1. This resulted in
a one-plane separation of the two missing (or extra)
{220) planes. Minimization of the potential energy of
this configuration, causes further separation of the two
extra half-planes, ie. further separation of the two
Shockley partial dislocations. All the calculations
were done under the periodic boundary condition in
the [112] direction and free-surface boundary condi-
tions in the [110] and [111] directions and hence

sd(zzi)

39d(111)

—- x=[110]

— 66d(izO)
z=[112]

Figure 1 Geometry and size of the computational crystal used in the
analysis of the a/2[110] edge dislocation. Two (220) half-planes
indicated in the figure were removed in order to generate the edge
dislocation.
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Figure 2 Geometry and size of the computational crystal used in the
analysis of the a/2[110] screw dislocation.

pertain to the case of a single infinitely long edge
dislocation.

3.1.2. Screw dislocation

The geometry and the size of the computational
block used in the analysis of the a/2{110) screw
dislocation is shown in Fig. 2. The block contained
5320 atomic sites arranged on two interpenetrating
fcc lattices. The size of the computational crystal
is again given in terms of the number of non-equiva-
lent (224) (T11) and (220) planes. Using the
aforementioned procedure, the equilibrium lattice
parameter at 0 K was obtained again. As expected,
the same value for the lattice parameter (¢ = 0.3578 nm)
was obtained for both computational crystals. The
lattice parameter was fixed at this value in all sub-
sequent calculations.

To generate a screw dislocation along the [110]
direction, atoms were displaced from their perfect
positions (x, y) in the [1 1 0] direction according to the
formula

Y = Yo.
X — Xg

b
= g-arc tan (10)

where b is the magnitude of the Burgers vector, and
(X0, o) the coordinates of the dislocation centre. In
our previous work [7] we explored the effect of vari-
ous elastic centres of the dislocation on its energy and
found that the dislocation centre (marked A in Fig. 6a
below) is associated with the lowest energy. Hence
only this screw dislocation configuration was analysed
in the present paper. As discussed elsewhere [7], to
initiate dissociation of the unit a/2[110] screw dis-
location, periodic boundary conditions were initially
applied along all three principal directions in Fig. 2,
and the potential energy of the crystal minimized.
Free surface-boundary conditions were next applied
along the two directions ([112] and [11 1]) normal
to the dislocation line and the energy minimization
procedure repeated. This yielded a minor change
in the energy and no apparent change in the stacking-
fault ribbon width. All the subsequent calculations
were carried out under the periodic boundary condi-
tion in the [110] direction and free-surface
conditions in the other two principal directions and
thus pertain to the case of a single, infinitely long
dislocation.

3.2. Determination of the critical resolved
shear stress

The potential energy minimization technique was also
used to determine the critical resolved shear stress for
the motion of a straight edge or a screw dislocation.
Toward that end, a homogeneous simple shear paral-
lel to the slip plane and in the direction of the Burgers
vector of the (undissociated) edge or screw disloca-
tions was applied to the crystal containing the re-
spective type of dissociated dislocation. According to
Figs 1 and 2, the corresponding shear stress is T, and
7., for the edge and screw dislocations, respectively.
To determine the stress required for the motion of the
dislocation, the procedure originally developed by
Basinski et al. [6] and Duesbery et al. [4] was utilized.
In this procedure, atoms within the surface layers
parallel to the dislocation line are kept fixed at their
positions obtained after the application of the shear
stress, while the energy of the crystal is being mini-
mized with respect to the positions of interior atoms.
After the desired convergence was achieved, the con-
straints were removed from the surface atoms and the
minimization procedure repeated. If the resulting con-
figuration did not involve any motion of the disloca-
tion as a whole, the homogenecous stress was incre-
mented and the aforementioned procedure repeated.
This allowed determination of the critical resolved
shear stress required to move a straight a/2<{110)
{edge or screw) dislocation at 0 K.

3.3. Analysis of dislocation core

3.3.1. Edge dislocation

According to Fig. 1, the line direction of the a/2[110]
edge dislocation is [112]. To analyse the dislocation
core it is convenient to use a projection of the atoms
on the plane normal to the dislocation line, the (112)
plane in this case. A (112) projection of the atoms in
the fcc structure is given in Fig. 3a. It should be noted
that there are six non-equivalent (2 2 4) planes projec-
ted in Fig. 3a. However, the analysis carried out here
did not entail the use of separate symbols to discrimi-
nate between atoms belonging to different non-equiv-
alent (224) planes.

To display the structure of the dissociated edge
dislocation core, edge-type and screw-type relative
atomic displacements were determined and shown
separately. The edge-type relative displacement of the
two atoms is represented by a vector centred at the
midpoint of the two atoms, and having the length
proportional to the magnitude of the (1 12)-projection
of the relative displacement vector of the two atoms.
The arrow on the edge-type relative displacement vec-
tor refers to the direction of the edge-type relative
displacement of the atom with a larger value of its y
coordinate. If the y coordinates of the two atoms are
the same, then the arrow refers to the displacement of
the atom with a larger x coordinate.

The screw-type relative displacement is represented
by a vector centred at the midpoint and lying along
the line connecting the two atoms. Its magnitude is
proportional to the relative [ 1 1 2] displacement of the
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Figure 3 (a) (112) projection, and (b) (1 10) projection of atoms in
the fcc crystal.

two atoms and the arrow points to the atoms whose
relative displacement is in the positive [112] direc-
tion.

Determination of the relative displacements asso-
ciated with an edge dislocation must be done very
carefully since the number of atoms above and below
the slip plane is not the same. In the present paper the
following procedure was used. The relative differential
displacements are determined starting in the region
far away from the dislocation, (i.c. at the left side of
the computational crystal) where the crystal is nearly
perfect and hence the relative displacement are
negligible; Fig. 4a and b. As one moves toward the
dislocation, the magnitude of the relative displace-
ments increases. When the magnitude of the edge-
type relative displacement becomes equal to
b/2 = |a/4[110]}, one skips over two [2 20] extra
halfplanes while calculating the displacements of the
atoms above the slip plane relative to the atoms below
the slip plane. Since the screw-type relative displace-
ment vectors lie along the line connecting the two
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atoms in question, the procedure described above can
be easily understood with the help of Fig. 4b.

3.3.2. Screw dislocations

To analyse the structure of the dissociated screw dis-
location core it is again convenient to use an atomic
projection on the plane normal to the dislocation line,
the (11 0) plane in this case. A (110) projection of the
atoms is given in Fig. 3b, where two different circles
were used to distinguish the atoms belonging to two
nonequivalent (2 20) planes.

The edge-type relative displacements were defined
in the same way as in the case of a dissociated edge
dislocation. However, the procedure was somewhat
simpler to implement in this case since the number of
atoms below and above the slip plane was the same.
In addition, the edge-type relative displacements were
scaled relative to the magnitude of the edge com-
ponent of the Burgers vector of a Shockley partial,
la/4[112]] in this case.

The screw-type relative displacements were defined
in the same fashion as in the case of a dissociated edge
dislocation. However, they are scaled in this case
so that when their magnitude is b/2 =|a/4[1 10]|, the
screw-type relative displacement vector just touches
the two atoms. When the relative displacement ex-
ceeds b/2, due to crystal periodicity, it is convenient to
have the arrow point towards the other atom.

4. Results and discussion

While the procedure developed here is quite general
and can be applied to any Fe-Ni—Cr—N fc ¢ alloy, our
calculations were confined to the following two
alloys: Fe—40 Ni~15 Cr wt % and Fe—39.90 Ni-14.96
Cr-0.025N wt %. The metal atom site fractions of the
two alloys are the same ( yg, =0.4538, yn; =0.3838 and
yer =0.1625), while the site fraction of nitrogen is
yx =0.001 in the second alloy. The reason for choos-
ing these two alloys was two-fold: (a) we are currently
conducting tensile tests of single crystals of these two
alloys at low temperatures and plan ultimately to
correlate the experimental data with our atomistic
simulation results and, (b) in our previous work {14]
we carried out a detailed analysis of the short-range
order in the two alloys using Monte Carlo simula-
tions, and hope by gathering various information for
the same alloy systems to be able better to elucidate
the role of nitrogen in Fe-Ni—Cr austenite.

4.1. Fe—40Ni-15Cr alloy

4.1.1. Edge dislocation

Fig. 4a and b show the equilibrium configuration of
the core of the a/2[ 1 1 0] edge dislocation in the Fe—40
Ni-15 Cr alloy at 0 K. The dislocation core spreads
along the (1 11) plane creating a stacking-fault ribbon
which is bound with two Shockley partial disloca-
tions. This dislocation dissociation can be represented
as follows

a2[110] = a/6[12T] + a/6[211]  (11)
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Figure 4 (a) Edge-type, and (b) screw-type relative atomic displace-
ments associated with a dissociated a/2[110] edge dislocation.
Fe-Ni—Cr alloy.

The Burgers vector of each of the two Shockley
partials, can be represented as a sum of its edge and
screw components as follows

a/6[12T] = a/a[110]. + 1/12[112], (12)
a/6[311] = a/4[T110], + 1/12[TT12], (13)

The two partials, thus, differ in the character of the
edge component of their Burgers vector. A careful
examination of the screw-type relative displacement
map, Fig. 4b, shows that the Shockley partial on the
left is of the a/6[12 1] while the Shockley partial on
the right is of the a/6[21 1] type.

The width of the stacking fault ribbon (~2 nm) is
quite comparable with its value calculated using con-
tinuum theory (2.3 nm) and a stacking-fault energy
value of 80 mJm™? [15].

The critical resolved shear stress for the motion of
the dissociated a/2[110] edge dislocations was found
to be close to 0.04G, where G is the shear modulus for
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Figure 5 Displaced position of the a/2[110] edge dislocation upon
the application of shear stress of 0.04G, where G is the (11 1)-type
shear modulus. Fe-Ni—Cr alloy.

the {111} planes. Using the value of 65 GPa for the
shear modulus G [16], the critical resolved shear stress
for the motion of the a/2{110) edge dislocations in
the Fe-40 Ni—15 Cr alloy at 0K was found to be
2600 MPa. Fig. 5 shows the dissociated a/2[110]
edge dislocation upon the application of shear stress
of the above magnitude.

4.1.2. Screw dislocation

Fig. 6a and b show the equilibrium configuration of
the core of the a/2[110] screw dislocation in the
Fe-40 Ni-15 Cr alloy at 0 K. The dislocation disso-
ciates along the (111) plane creating a stacking-fault
ribbon which is bound by two Shockley partial dis-
locations. This process can be represented as

a/2[110] = a/6[121] + a/6[211]  (14)

The Burgers vector of each of the two partials can
be represented by a sum of its edge and screw compo-
nents as follows

af6[211] =
a/6[121]

a/4[110], + a/12[112]. (15
a/A[110], + a/12[T12]. (16)

A careful examination of the edge-type relative dis-
placement map, Fig. 6b, shows that the Shockley par-
tial on the left is of the a/6[1 2 1] type and the one on
the right of the a/6[211] type.

The width of the stacking fault (~1.4 nm) is in
reasonably good agreement with its value calculated
using continuum theory (1.2 nm) and a stacking-fault
energy value of 80 mJm ™2,

The critical resolved shear stress for the motion of
the dissociated a/2{1 1 Q] screw dislocation was found
to be around 0.04G i.e. about 2600 MPa. Fig. 7 shows
the dissociated a/2[110] screw dislocation upon the
application of shear stress of the aforementioned mag-
nitude.
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Based on the findings presented in the section, one
can conclude that the mobility, represented here by
the critical resolved shear stress for dislocation motion
at 0 K, is quite comparable for the straight ¢/2¢{110)
edge and screw dislocations. It is, hence, understand-
able that the dislocation substructure in the as-
deformed Fe-Ni~Cr alloys generally involves both
edge and screw dislocations [2].

4.2. Fe-39.90 Ni-14.96 Cr-0.025N alloy

As demonstrated in our previous work [7], the details
of the way nitrogen affects the core structure of the
a/2{110) screw dislocations vary with the relative
position of the nitrogen atom and the dislocation.
However, a particular feature, that is spreading of the
dislocation core on to two or more non-parallel
planes, was found to be common to all the configura-
tions. For the a/2{110) edge dislocations, we found
that the effect of nitrogen on the structure of the
dislocation core is much less sensitive to the relative
positions of the nitrogen atoms and the dislocation.
Therefore, in the present work we compared the effect
of nitrogen on the structure of the dislocation core and
the critical resolved shear stress for the motion of the
two types of dislocations for a fixed relative position of
the nitrogen atoms and the dislocation. That is, a row
of “equivalent” nitrogen atoms was placed on the slip
plane just ahead of the leading Shockley partial dis-
location both for the case of a dissociated a/2[110]
edge dislocation and a dissociated a/2[110] screw
dislocation.

4.2.1. Edge dislocation

The effect of nitrogen atoms, placed on the slip plane
just ahead of the leading Shockley partial dislocation,
on the core structure of the dissociated a/2[1 107 edge
dislocation is shown in Fig. 8a and b. Nitrogen causes
minor lattice distortions, but does not change the
structure of the dislocation core significantly. In par-
ticular, no apparent spreading of the dislocation core
on to two or more non-parallel planes can be ob-
served. Similar results were obtained when a row of
nitrogen atoms was placed above or below the slip
plane, and hence will not be shown here.

The critical resolved shear stress for the motion of
the dissociated a/2[110] dislocation in the presence
of a row of nitrogen atoms on the slip plane just
ahead of the leading Shockley partial dislocation was
found to be about 0.06G ie. 3900 MPa, Fig. 9. The
observed 50% increase in the critical resolved shear
stress is about one-half to one-third of the relative
increase in the flow stress associated with the addi-
tion of 0.025 wt % N into Fe—40 Ni-15 Cr austenite
L1 3]. .

Based on the findings reported in this section, one
can conclude that the interaction of nitrogen atoms
with the a/2¢{110} edge dislocations cannot fully ac-
count for the experimentally found strong nitrogen
strengthening effect in Fe-Ni—~Cr~N austenite. This
observation is very important, because in many re-
ports (e.g. [17]), it was speculated that the interstitial
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Figure 8 (a) Edge-type, and (b) screw-type relative atomic displace-
ments associated with a dissociated a/2[110] edge dislocation.
Fe-Ni-Cr-N alloy.
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strengthening in fcc alloys of iron is caused by the
(dilational) strain interaction between dislocations
and nitrogen atoms. Accordingly, the first-order strain
interaction between an interstitial and a screw com-
ponent of a dislocation is zero, and hence only the
edge component of a dislocation contributes to inter-
stitial strengthening. Results reported here, however,
suggest that the interaction of nitrogen atoms with the
edge dislocations does not represent the dominant
part of interstitial strengthening, and that the “strain
interaction” theory is not very uscful in the present
case. This is supported by X-ray diffraction measure-
ments [1], which show that nitrogen-induced dila-
tional strains in Fe-Ni—~Cr austenite are relatively
small and symmetric.

4.2.2. Screw dislocations
The effect of nitrogen atoms, placed on the slip plane
just ahead of the leading Shockley partial dislocation,

6.5 L o e e S B e
1 e - . e - & ®e - ¢ - B - e - B - @ ® - e -7
s e - e - > s 8- 8- -8 -8-e 8- 9%
E6.0_5-o»a-a-n-o-e—a-e~.-e~-»e-a‘
= 1 & . @ . ® e <@ . L3 . ° . -
= 1 ST 1
g T s o- 6 o- 2 oee-0-0¢ 8-6 o 32
= 1 ........... Koo s 1
[&] L . ® . . se—n . e . ® . e .
g oo N‘sors oy e ]
5 1 ¢ o o 0 e - a8 e o s o]
_ NN ,a{ ........... N
= 504. . ... . ce i -s e e e 4
\—I 1 - \.\x\w\f‘\fkﬁk/\/.
- Te o e -0 - ar 0096 a-0s o8-89 s .
— i < N .
= e - s ®-s-°>e ©®-e 3-8 98-8 o
— N, B
L2 T S ,
= 404 . -
¢ -« e -9+ . ©-0¢ 6-a -8 o .vsA:l
. s - e o -6 s -2 o-e-0-8s d
.............. "
I o o L B e s e

(a) Length in [-112] direction (nm)

6.5 T
1 & o & + s 464 2 « 8 . e
. ® . L'} . ® . e - L3 . ® . 3
~ B0 ¢ & « & ¢ 6.6 5 &« & e s o
£ 1 ]
c j I e T R
E 1 = = = = .a:- e o o s e .j
=
[&] ® . s . @ . 1 e - @ 3 © . ® -
g 1 et
'-5 ] s - @ . 57 ey o s ® . @ 3
— Ax e -
= 50 . . st e T
- R PO
‘_' | I S
= _‘ o 4 e -4 -0 e a e ¢« o s o |
£ © e s 5 s s8-8 e 8 + s o 4
m -
§ 1 IR T T SO
407 L oL o Ly L s s e e e W]
{. P S O
R L o o T B

2.5 3.0 4.0 5.0 5.5
{b) Length in [~11 2] direction { nm)

Figure 10 (a) Screw-type, and (b) edge-type relative atomic displace-
ments associated with a dissociated a/2[110] screw dislocation.
Fe-Ni-Cr—N alloy.
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Figure 11 Configuration of the a/2[1 107 edge dislocation upon the
application of shear stress of 0.08G. Fe-Ni—Cr—N alloy.

on the core structure of the dissociated a/2[ 110] screw
dislocation is shown in Fig. 10a and b. Nitrogen
causes spreading of the dislocation core on to two
close-packed planes, (111) and (111). As discussed in
our previous work [7], this process can be described
as

a/2[110] = a/6[121] + a/6[121] + a/6[110]

(17)

The last dislocation, a/6[110] is of the edge type and
its slip plane is (00 1). Because (00 1) is not a close-
packed plane, glide of the a/6[110] dislocation re-
quires a higher stress, and hence the entire dissociated
a/2[110] screw dislocation is Iess mobile.
Determination of the critical resolved shear stress
for the motion of the dissociated a/2[110] screw
dislocation shown in Fig. 10a and b, turned out
to be quite difficult. At a stress level of 0.06G, the
segment of the dislocation residing on the (111)
plane begins to move to the left, while the segment of
the dislocation on the (I11) plane remains steady.
A subsequent increase in stress causes the (111)
segment to move completely to the left, and sub-
sequently extend in the [112] direction, Fig. 11.
However, the intersection of the two dislocation seg-
ments remains sessile. In addition, the entire region
around the dislocation becomes distorted. A further
increase in stress causes further distortion -of the sur-
rounding region but not the motion of the dislocation
as a whole.
It appears, hence, that the dissociated a/2[110]
screw dislocation is pinned by nitrogen and cannot
move as a straight dislocation. However, as pointed
out by Duesbery et al. [4], the distorted region ahead
of the dissociated screw dislocation can assist the
formation of edge-type kinks, the latter being of the
edge-type require a lower stress for their motion as
shown in the previous section and can move laterally
causing the screw dislocation to advance. Owing to
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the use of periodic boundary conditions in the direc-
tion of the dislocation, kink formation and motion
was not analysed in the present work. Nevertheless, it
is clear that nitrogen has a much stronger interaction
with the a/2{110> screw dislocations than with the
a/2{110> edge dislocations, causing the former to
become significantly less mobile than the latter.
It is, hence, not surprising that the dislocations in
Fe-Ni—Cr-N austenite are predominantly of the screw
character.

5. Conclusion

The critical resolved shear stress for the motion of the
a/2{110} dislocations is comparable for both edge
and screw-type dislocations in Fe-Ni—Cr austenite
at 0 K. This explains why both types of dislocation are
readily found in these alloys.

The critical resolved shear stress for the motion of
the a/2{110) edge dislocation is lower than that for
the a/2{110) screw dislocations in Fe-Ni-Cr-N
alloys at 0 K. This is in accordance with the TEM
observations [2] that dislocations are predominantly
of the screw type in Fe-Ni—Cr—N austenite.

For the particular case of the relative position of
the nitrogen atoms and the dislocation analysed in
this paper, it was found that the a/2{110)> screw
dislocations become pinned and cannot move as
straight dislocations. In such a case, the formation
of edge-type kinks and their lateral motion can be-
come the dominant mechanism for the motion of
screw dislocations.
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