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Abstract
This paper presents results of a study of the interaction of point defects produced by high

voltage electron microscope (IIVEM) irradiation with pre-existing dislocations in austenil.ic Fe-15%

& 25%Ni-17%Cr alloys, aimed at the determination of the mechanisms of climb of dissociated disl-

ocations. Dislocations were initially characterized at sub-threshold voltages (here 200kV) using the

weak-beam technique. These dislocations were then irradiated with IMCV electrons in the Argonne

HVEM before being returned to a lower voltage microscope for post-irradiation characterization.

Interstitial climb was seen only at particularly favourable sites, such as pre-existing jogs, whilst

vacancies clustered near dislocations, forming stacking fault tetrahedra (SFT). Partial separations

were also observed to have decreased after irradiation. The post-irradiation configuration was found

to dcpc.iJ strongly on both dislocation character and pre-irradiation dislocation configuration.

These results, and their relevance to the void swelling problem, arc discussed.

Keywords: Dislocation climb, IIVEM irradiation, TEM, weak-beam imaging, Fe-Ni-Cr alloys,

austcnitic steels, SFT, jog-climb.



Introduction

Austenilic stainless steels have become widely employed within the nuclear industry, t.licir

principal uses bring for fuel clement cladding, supports and spacers, and control-rod guide tubes

within the core of fnst. reactors. Concommitcnt with these applications, however, have come a

variety of induced or enhanced radiation damage effects. Almost all these effects are detrimental,

especially void swelling, irradiation creep and cmbrittlcment, which seriously limit the useful life of

reactor components necessitating costly and difficult renewal. In the hostile environment of a

commercial fast reactor, for example, in which core structures are subject to dose rates of 40-100

displacements per atom (dpa)/year at temperatures in the range 500-600°C, the void swelling

problem, first observed in 316 stainless steel by Cawthorne and Fulton in 1967 [1], is potentially

particularly seveic (up to 10% per year). This can lead to buckling and weakening of core

components, making their removal difficult and expensive. Transmission electron microscopy

(TEM) observations of these swollen steels, under a variety of irradiation conditions have been large

in number (e.g. [2-5]) and show that a complicated microstructure of voids and dislocation networks

lias evolved.

In the phenomenon of void swelling, it was recognised as early as 1959 that a tendency for

dislocations to show a preference for interstitials over vacancies may play a crucial role [6]. This

tendency is expected because interstitials have a larger strain field than vacancies, and so have a

bigger elastic interaction with line dislocations. This preference was formalized in terms of a

dislocation "bias" for intcrstitials [7] in 1975. In the presence of biased sinks for interstitials, neutral

sinks such as voids receive a net flux of vacancies and so grow. Void embryos are thought to be

stabilized by gas atoms such as He or II formed by (n,a) or (n,p) transmutations respectively. It is

clear therefore that the mechanisms of interaction of migrating point defects with pre-existing disl-

ocations, which might involve glide, climb and/or diffusion processes, is central to the determination

of accurate dislocation sink strengths, leading eventually to a better understanding of radiation

damage phenomena. In view of the importance of pre-existing dislocations and the known

complexity of dissociated dislocation climb in low SFE materials (see below), we have carried out

and report here a systematic study of the interaction of irradiation induced point defects with line

dislocations in some model austcnitic Fe-Ni-Cr alloys with base composition similar to those of

technological steels.



The Climh of Dissociated Dislocations

Prior to the general application of TEM imaging to the determination of the climb

mechanisms of dissociated dislocations a number or theoretical models wore propose-1 [K-12],

involving oil her constriction or primary niiclcation onto individual pnrtials or the stacking fault

itself. Grilhe at al (1977 [13]), in calculating energies of the intermediate configurations, found

certain circumstances in which the Thomson &: Balluffi mechanism [10] could be energetically

favourable. This mechanism results in the formation of an extended double jog pair via the

nuclcation of a prismatic loop of the same Burgers vector as the parent dislocation on one of the

partials. There have since been numerous observations of voids [e.g. 14-17] and high densities of

both interstitial and vacancy loops [e.g. 18-23] close to irradiated dislocations, suggesting that

dislocations can act as sinks for both intcrstitials and vacancies. Precise determination of both the

nature of all the damage and its relation to the line was, however, often beyond the resolution of

the techniques employed.

Weak-beam imaging [24,25], first employed to study irradiated dissociated dislocations by

Carter in a low stacking fault energy (SFE) copper-aluminium (CuAl) alloy [26,27], confirmed the

fine scale of this line damage and found loops to have nucleated onto the partials themselves.

However, it was left for the painstaking study by Cherns et al [28] of HVEM-irradiated dissociated

dislocations in Cu-13%A1 to deduce that climb was proceeding via the nucleation of interstitial

perfect prismatic dislocation loops (or Frank loops which subsequently unfault) directly onto the

partials, the partial of greater edge character genetaXYy bevng, tavovueiV. Ks <V\st'vc\cX ^tortv V\\c

Thomson &: Balluffi mechanism, nucleated loops were not necessarily of the same Burgers vector as

the parent dislocation. These "loop-jogs" were then acted upon by the osmotic climb force [29]

arising from th... local interstitial super-saturation, twisting them towards edge orientation and

leading to complex configurations whose structure depended on the orientation of parent partial and

loop. At elevated temperatures th j same basic mechanism operated although irradiated dislocations

assumed different final configurations which were attributed to interactions between the "loop-jogs"

and the second partial. The final configurations frequently contained a number of Shockley disl-

ocation dipoles. Similar, nucleation based, mechanisms leading to dipole formation have been

proposed in silicon [30], gallium-arsenide (GaAs) [31], copper-germanium (CuGe) [23,32] and, under

vacancy super-saturation, in CuAl [33] (see also the 1984 review by Cherns [34]).



The smaller pre-irradiation partial separation of screw dislocations was believed responsible

for further increasing the influence of the second partial, such that at elevated temperatures

evidence only for the nuclcation of loops with the same Burgers vector as the total dislocation was

seen. Chorus et al hypothesized that increasing the SFE of the system studied may also affect the

Burgers vectors of nucleated loops, possibly favouring the operation of the Thomson &: Balluffi

mechanism [10]. Hardy and Jenkins attempted to test this hypothesis by analysing any dependence

of climb mechanism on partial separation by studying the higher SFE Cu-10%Al, and to investigate

any segregation effects arising from the binary CuAl system by studying pure silver, which has a

similar SFE [35] to Cu-13%A1 [36]: Cu-10%Al showed behaviour entirely consistent with that of

Cu-13%A1 and the same mechanisms as those isolated by Cherns et al [28] were thought to be

operating [32]; silver, however, exhibited markedly different behaviour in which dissociated disl-

ocations appeared to constrict at a very early stage and dense wedge-like regions of SFT were seen

to form close to the dislocation. Interstitial loops associated with the dislocation were not seen [37].

The authors proposed that, after constriction, dislocations act as good sinks for interstitials, leaving

a net vacancy super-saf,nral,ion such that vacancy clusters are able to aggregate and form SFT.

The present studv

Results are presented here for two pure ternary alloys with 15 and 25 at.% nickel

respectively, both containing 17 at.% chromium (balance iron), which form part of a larger study

aimed at investigating the effects of partial separation (with an Fe-40%Ni-17%Cr alloy; via the SFE

dependence on nickel content [38,39]) and minor element segregation (with the addition of small

amounts of silicon and molybdenum to an Fe-15%Ni-17%Cr alloy) on point defect-dislocation

interactions. Essentially similar observations were made in both alloys and distinctions between

them are not dwelt upon at this stage; the aim of this paper is rather to highlight, qualitatively,

some of the general trends which are representative of the larger project. Thompson's notation [40]

is used throughout.

Experimental

Single crystals, grown by the Bridgman method, were first orientated by Laue back-

diffraction prior to being sectioned parallel to a (111) slip plane by spark machining. 3mm discs

were then spark cut from these sections and a low density of glissile dislocations lying in the foil was

introduced by slight bending. Electron transparent foils were prepared by double-jet electro-
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polishing at 2S-30V in a solution of-1% perchloric acid in anhydrous melhaiiol at -55"C. Perforation

was detected by eye with the specimens being washed finally in dried cthanol. Ideally long curved

dislocations were chosen, to provide a range of orientations, which were characterized by weak-

beam imaging at 200kV (a voltage at which sub-threshold damage was acceptable) in either a

Philips CM30 or EM430 electron microscope using the Howie-Whclan g.b=O invisibility c/iterion

[•11]. These dislocations were then irradiated with lMeV electrons in the Argonnc IlVEM. The

electron density was measured using a Faraday cup placed at the IIVEM beam centre from which

the level of displacement damage was calculated using a value for the displacement cross-section of

70 barns [42]. Irradiations were performed at temperatures in the range 390-430"C; at lower

temperatures the formation of very fine scale bulk damage was observed, which eventually

obliterated the dislocation image entirely, whilst at higher temperatures what may have been the

veiy early stages of sigma phase transformation at the surfaces of the thin film impaired weak-beam

resolution beyond acceptable limits (the first signs of the transformation itself did not become

evident in the IIVEM by strong-beam imaging below about 600"C). The hot stage had been

calibrated using an external thermocouple in a dummy column but experimental problems

encountered in this procedure indicate that the uncertainty in temperature measurements is about

±50"C. Beam heating should be only a few degrees. Finally the specimens were transferred back to

a Philips EM430 electron microscope for post-irradiation characterization of the observed damage

making use of both the g.b=0 invisibility criterion and the inside/outside contrast method [e.g. 43]

for loop analysis. Sufficient reflections were used to ensure that any perfect or Frank dislocation

variant had g.b=0 in at lea-st one reflection. Where possible true weak-beam conditions were used

[see 24,25] but occasionally the deviation parameter was reduced below 2xlO~2 A"1 because a surface

contaminant layer, resulting from the IIVEM irradiation, reduced the already weak image

intensities. This problem was particularly prevalent in irradiations of the 15% nickel alloy.

Results

In figure 1 we sec a 75' dislocation section in Fe-15%Ni-17%Cr, irradiated to ~0.05 dpa at

40CTC. Figures l(a) and (b) show g.bT=2 (where b T is the total Burgers vector of the dislocation)

for the dislocation before and after irradiation respectively whilst (c) shows the near screw partial

out of contrast. In common with all other figures in this paper these micrographs are selected from

a larger contrast set taken in all principal reflection!; of the [111], [112], [121] and [211] poles. B



refers to the beam direction and the white arrows mark the operating diffraction vector (g).

Burgers vectors (b) of the individual partials are indicated by short white bars. Features which

should be noted are:

(a) before irradiation the line exhibits an even, constriction free, dissociation.

(I)) after irradiation the partial separation has narrowed; however the dislocation is still dissociated.

No new constrictions have formed and there is no evidence for major climb motion of the line. A

defect cluster (A) is visible very close to the line; this cluster is found to be visible in every

reflection and hence has contrast which does not fit any perfect or Frank loop variant. Such

contrast, would he consistent with a three dimensional (3D) defect such as an SFT.

In (c) the formation of a line of very fine scale cluster damage along the dislocation is evident.

These clusters also exhibited contrast inconsistent with any simple loop variety suggesting that they

arc: 3D. It should be noted that this line of cluster damage lies very close Ui the dislocation and is

assumed to have nucleated within the strain field of the dislocation core. Images may therefore be

superimposed for most foil orientations; in this reflection the foil is tilted about 20* in a sense

favourable for resolving separately the dislocation line and the clusters beneath.

Figure 2(a) shows an initially widely dissociated but heavily jogged 50-70° dislocation, as

evidenced by the large number of constrictions along the line [44]. After irradiation to ~0.05 dpa

(fig.2(b)) the partial separation has narrowed and the dislocation exhibits an even dissociation

along most of its length, the constrictions having disappeared. Other reflections (not shown) in this

scries show the nucleation of cluster damage along the line similar to that of figure l(c). In common

with the dislocation of figure 1 there is no evidence for the formation of new jogs or for major climb

motion of the now evenly dissociated line.

A screw dislocation containing a number of pre-existing jogs, some of which are indicated

(J), is shown in figure 3(a) prior to irradiation. After irradiation (figs.3(b,c)) the dislocation has

assumed a zig-zag configuration with points of the zig-zag apparently corresponding to the positions

of the pre-existing jogs. This dislocation is not thought to have climbed into a helix but rather to be

two dimensional (2D) as explained in the discussion below. g .b T =2 for the total dislocation in this

micrograph and evidence that the short, straight sections of the line are still dissociated is

confirmed by contrast seen from the stacking fault in figure 3(c) for which g .b T =0 . The dislocation

may be constricted at the jogs. A number of interstitial Frank loops are seen to have nucleated in

the bulk and two of each type are labelled (A—aA; B=fih; C=yC\ D=D6). One of the loops " A "



Fig.3. Screw Dislocation in Fe-]5%Ni-17%Cr (at.%)
0.05 dpa at ~400°C
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Fig.4. Near screw to 60° Dislocation in Fe-25%Ni-17%Cr (at.%)
O.i dpa at ~430°C



appears to lie on, or very close to the dislocation in figure 3(b) but is shown some distance away in

figure 3(c). This loop has not reacted with the dislocation and in fact lies some distance below it. In

all reflections taken of this dislocation after irradiation no evidence was seen for any loop nucleation

along the line.

The motion and straightening of an initially curved dislocation after ~0.1 dpa irradiation is

seen in figure 4, leaving a discrete line of cluster damage close to its original position. Figure 4(a)

shows the dislocation prior to irradiation, with both partials in contrast, whilst figures 4(b) and

4(c) shew the left hand partial sfl and the stacking fault after irradiation respectively. Whilst the
i

stacking fault contrast in 4(c) is weak the dislocation is apparently not entirely constricted.

Individual features within the line of cluster damage could not be characterized either by the g.b

invisibility criterion or by looking for characteristic inside/outside contrast and are probably 3D.

Many of these clusters seem to show arrow-head contrast typical of vacancy SFT in some

reflections taken after irradiation, however, micrographs have been selected here to show the

relative positions of clusters and line.

A clearer observation of the nature of cluster damage along dislocations is provided by

figure 5, in which an Fe-25%Ni-17%Cr alloy has been irradiated to a slightly higher dose and the

clusters have aggregated to form SFT, shown here with the beam direction (B) close to [211] and

the diffraction vector g=[ l l l ] . Almost all the observed bright spots of contrast were resolvable as

SFT in at least one of the reflections taken of this dislocation after irradiation.
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In figure 6(a) a more complex configuration is shown prior to irradiation: A glissile disl-

ocation, with b T =AU on 5 on the left hand side oi' the figure, has intersected with one of a number

of dislocations b T = B D ( a ) , which are steeply incline'! and difficult to sec in this reflection, to form

the perfect sessile dislocation bT=AD(a/<5). The slip trace along which dislocations 13D have glided

lies accurately along the line of intersection of planes a and <5 and is visible running from lower right

to top left in the figure. The reaction product Kb is sessile in both a and <5 and should therefore lie

exactly on this trace. Dislocation A~D is initially fairly straight and dislocation AD exhibits a

relatively even dissociation along its entire length. Note also that the dislocation is jogged to the

right at the point of intersection. The initial configuration is shown schematically by the line

diagram at centre.

In figure G(b) the dislocation is shown after irradiation, with the upward foil normal

(opposite to the beam direction B) close to [121]. At this tilt planes a are nearly vertical. Notice

here the disappearance of the jog at the point of intersection of AB and 13D (confirmed by other

reflectio.is) and that dislocation AD is now sharply cusped to the left of the original trace along

which it. was formed. Dislocation AB has glided downwards, away from a line of clusters which

continues past the point of intersection of AB and BD. These clusters show contrast inconsistent

with any simple perfect or Frank loop in the full contrast series and some of them arc occasionally

resolvable as SFT; it is therefore likely that they are 3D vacancy clusters, similar to those seen in

other irradiations, some of which have aggregated sufficiently to be visible as SFT.

Discussion

Taking an overall view of the micrographs one should first note that straight line dislocation

sections are not apparently climbing. As distinct from CuAl [28] there is no copious interstitial loop

nuclcation onto the partials or evidence for the formation of reaction products such as Shockley

dipoles. The behaviour of irradiated dislocations in Fe-Ni-Cr is broadly similar to that seen in silver

[37] in that partial dislocation separations are observed to have decreased after irradiation. In silver

micrographs taken in-situ in the IIVEM suggested that partials constrict entirely, however it is

uncertain whether dislocations were still dissociated by an amount below the resolution limit of the

instrument. Partials are plainly still dissociated in these Fe-Ni-Cr alloys. Another similarity with

silver is the formation of cluster damage close to irradiated dislocations. Contrast arising from these

clusters suggests that they are 3D and observations that these clusters form within the



congressional strain field of dislocations of sufficient edge character (see below), coupled with those

of individual clusters occasionally being resolvable directly as SFT, suggests that, in common with

silver, this damage is vacancy in nature. It is hoped that further research will lead to an explanation

of the differences in behaviour shown by irradiated dislocations in CuAl, silver and Fe-Ni-Cr and

questions arising from these differences are left for a later date. This discussion focuses rather on

rationalizing our observations in terms of a physical model of how point defects are interacting .vi .n

dislocations in our materials.

The behaviour typical of straight, evenly dissociated, dislocations is exemplified in figure 1.

No jog or loop nucleation directly onto the partials is seen, but a line of cluster damage has formed

very close to the dislocation core. Similar lines of damage were seen in all irradiations of mixed and

edge dislocations and those lines accurately mark the pre-irradiation dislocation position. This is of

particular relevance to the discussion of figure 4 below.

Near edge and screw dislocations arc shown in figures 2 and 3 respectively. The dis-

appearance of constrictions in figure 2 can be explained simply in terms of jog climb. As is indicated

in figures 7(a) and (b), climb forces on a pair of equal, and opposite, jogs (labelled " U p " and

"Down") in a mixed or edge dislocation will be such as to cause the jogs to climb together and

annihilate under, say, a net interstitial super-saturation for the sense of the jogs as shown. For the

situation shown in figure 2, wl ere there are a great many jogs, the direction of motion of an

individual jog is iiiiiiiiporliinl.

As dislocations approach screw orientation (figure 3) the climb forces on the jogs will tend

away from the line direction and, presumably, a point is readied beyond which these forces will

overcome the line tension forces which tend to keep the dislocation straight. Jogs will now not climb

together and annihilate but will instead give rise to a two dimensional (2D) zig-zag configuration as

shown in figure 7(c). We believe this to be the case for the screw dislocation of figure 3, in which

the climb forces on the jogs act perpendicular to the line. The numbers 1,2 and 3 in both figures 7

and S refer to initial, intermediate and final configurations respectively. Small arrows represent the

directions of climb forces on the jogs whilst b is the Burgers vector and £ the positive line direction.

The post-irradiation configuration of figure 3 would seem unlikely to be helix formation, as

previously thought possible [45] since no depth oscillations are observed in the weak-beam images,

the intensities of which arc very sensitive to depth within the foil [25]. These fringes would be

separated by <;50A under the conditions operating. Were the line to have climbed into a helix with
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the observed pitch, which is little less than the thickness of the foil (~1000A), it would be

extremely loosely wound. One might, however, expect the radius of the helical coils to approach the

period of the turns [46,47], yielding clearly visible thickness oscillations. Secondly, regions of the disl- /

ocation between jogs are still dissociated; although a mechanism whereby a dissociated dislocation

can climb into a helix has been proposed by Cherns et al [28-their figure 15], the nucleation of a

high density of interstitial loops directly onto the line must be invoked. Whilst the mechanism of

Cherns et al "mops up" loop debris prior to formation of the final configuration, at no stage, in this

or any other irradiation, was there evidence for any CuAl-like loop nucleation directly onto disl-

ocations. All the irradiations performed suggest, rather, that dissociated dislocation sections do not

climb, preventing helix formation. Finally, were copious numbers of jogs to have nucleated along

these sections to enable them to climb, then the final zig-zag structure would bear little relation to

the pre-existing jog positions. The fact that these can be correlated suggests the jog climb

mechanism proposed. The final configuration therefore appears to conform with that of figure

17.9(b) of Hirth and Lothe [46].

In figure 3 it is not possible to identify in the pre-irradiation micrographs a sufficient

number of jogs to fully explain the post-irradiation dislocation configuration. It is possible either

that a number of small pre-existing jogs were not resolved before irradiation, although their effects



can be seen, or that new jogs are nucleating adjacent to zig-zagged sections. No evidence for jog

nucleation is seen on widely dissociated dislocations with large edge character. However the position

is less certain for narrowly dissociated near-screw dislocations. More light may be ohed on this

question by similar irradiations performed in an Fe-15%Ni-17%Cr-l%Si alloy, which show screw disl-

ocations assuming a similar, but more angular and less regular, configuration. Results from this,

and other materials, will be presented at a later date.

The observations in figure 4 of dislocation motion away from a discrete line of clusters at

the initial dislocation position may be linked to climb of a single jog. As in figure 1, a line of cluster

damage is assumed to have formed close to the dislocation core in the early stages of the

irradiation; this cluster damage, in nucleating preferentially within, and thus relaxing, the strain

field of the dislocation, will exert a pinning force to resist dislocation motion. Simultaneously the jog

is climbing to the right and distorting neighbouring line sections. These sections will exert a line

tension force acting to straighten

the line. At some critical stress the

lino tension force will overcome the

pinning force and the dislocation

will straighten between the jog

and any pinning point, leaving a

discrete line of clusters at the

initial dislocation position. It is

possible that another line of

clusters is now nucleating close to

the new dislocation position.

The above mechanism is sketched schematically in figure 8.

We have seen point defect clusters nucleate during irradiations of all dislocations of

appreciable edge character, but not of dislocations of screw or near-screw character. This is

consistent with the small hydrostatic strain field of near screw dislocations. The frequent

observations of SFT interspersed with unidentified 3D cluster damage (such as in figure 5) would

suggest that all these clusters are vacancy in nature. Small clusters, very similar to these, have

previously been seen to grow to become identifiable as SFT during an in-situ irradiation experiment

in silver [37]. Several tilting experiments have also confirmed both the unidentifiable clusters, and



SFT to lie within the comprcssional strain field of the dislocation (e.g. figures 4(b) and (c)).

Given the high density of vacancy clusters close to dislocations the fate of the more mobile

interstitials generated dining irradiation must be considered. A greater number of interstitials than

vacancies are expected to migrate to dislocations. However, the above micrographs provide no

evidence for climb of the line itself and, although this possibility cannot be excluded because of the

(111) foils used, it would seem unlikely that dislocations would climb sio uniformly for no sign to be

visible at any specimen tilt. Furthermore there is no evidence for the nuclcation of interstitial loops

along dislocations. A full explanation of our observations may involve the core diffusion of

irradiation generated interstitials: In figure 1, for example, the dislocation is initially jog-free,

possibly leading to easy core diffusion to the surface. Pre-existing jogs will act as favourable sites

for interstitial absorption and it is supposed that the sense of jog climb observed in figures 2, 3 and

4 is interstitial.

In general we have found climb to occur at other favourable sites as well as jogs, including

sessile dislocations, Frank loops and dislocation nodes. One case where the nature of this climb can

definitely be established is shown in figure 6 in which a perfect sessile dislocation AD has been

formed by the interaction of a dislocation AO(cS) with a scries of dislocations DD, which are gliding

along a. This probably occurred during deformation of the foil prior to thinning. Two of the disl-

ocations BD(cv) were in the process of interacting with the dislocation AD/AT3(<5), probably via a

zipping mechanism, which will be discussed at a later date, when the stress was relieved. These disl-

ocations can bo soon inf.crscxf.iiig the line in several reflections of the full contrast series. Dislocation

AD will therefore lie exactly along the trace of plane a along which dislocations BD(a) are gliding

and can only move by climb.

With the sense of the line direction as inc'icated by the schematic diagram at centre, the

extra half plane, perpendicular to the 90" dislocation AD, is down and to the right. This half-plane

may be similar to the edge of a Frank loop, containing a large number of jogs, or sites for point

defect absorption. After irradiation the dislocation is cusped to the left of the trace along which it

was formed, as confirmed by tilting to bring planes a vertical. This is consistent with interstitial

climb either on a or <5, probably via diffusion of interstitials from the bulk. The sharp points

between the cusps lie closer to the original dislocation position are the points between which the line

has climbed. The disappearance of the jog at centre of figure 6(a) is also in a sense consistent with

interstitial precipitation. A further corollary is provided by the observation that vacancies continue



to cluster parallel to both glissile and sessile dislocations. These clusters lie to the right of

dislocation A~D in the figure and are thus within its compressional strain field.

The final point concerns the narrowing of partial separations under irradiation. This may be

a result of radiation induced segregation [48], already observed to alter partial separations in binary

alloys [19] and which, in the Fe-Ni-Cr system, may lead to a build-up or the slower diffusing nickel

roo] at a sink [51], such as a stacking fault. In studies of the partial separation of equilibrium dissoc-

iated dislocations by a variety of methods, Dampton et al [38] have highlighted a strong SFE

dependence on nickel content, and an increase in nickel concentration at the stacking fault would be

expected to reduce the partial separation. An alternative explanation is that the narrowing is due to

relaxation of the dislocation strain field by the inclusion of point defect precipitates (vacancies in

this case); these clusters will tend to constrict the line and may, under some circumstances, exert an

asymmetric stress upon the total dislocation aiding dislocation glide [52]. The latter mechanism

would seem to be operating in irradiations performed in pure silver [37] where segregation is not a

factor; however both mechanisms may be involved here and in other observations of the narrowing

of partial separations in alloys [23,31].

Summary and Conclusions

The above results seem to paint a consistent picture of the mechanisms of interaction of

HVEM generated point defects with pre-existing line dislocations in these two materials:

Vacancies: are seen to form a line of cluster damage within the compressionai strain field of

all dislocations which have a significant edge component. These clusters continue to grow under

irradiation, whilst they remain within this compressional strain field, and are frequently observed to

have aggregated sufficiently to be visible as small stacking fault tetrahedra. It should be noted that

under prolonged high temperature irradiation this line of small cluster damage will cease to grow,

and may even shrink, after the dislocation has moved away from its original position (e.g. figure 4)

unless individual clusters are stabilized either by a gas atom or by conversion into an SFT. Under

reactor irradiation conditions stabilization of these small vacancy clusters by a gas atom may lead

to void formation. A new line of clusters will aggregate at the new dislocation position. Stress

relaxation due to vacancy clusters may also contribute towards the narrowing of partial

separations.



Intcrsl.itia.ls: pipe diffuse along glissilo dislocations until they encounter a site, such as a jog,

a length of sessile dislocation or a dislocation node, at which they can easily be assimilated. The

resulting dislocation climb is only seen when such a favourable site is present. For glissile disl-

ocations of sufficient edge character pre-existing jogs may be annihilated, effectively climbing

sections of the line between them to form a new evenly dissociated dislocation. Intcrstitials now no

longer have favourable sites for precipitation and pipe diffuse without, further interaction. For

screw, and near screw dislocations pre-existing jogs climb apart to form a roughly two dimensional

zig-zag configuration. There is som-; oviuence, in other irradiations, for this to cease when

intervening, dissociated sections reach GO" orientation. As yet we have no detailed explanation for

this.

Where jogs exist cither singly or with an excess of one type, large scale motion cf the disl-

ocation is possible, regulated by opposing line tension forces. At high doses this may aid the

formation of further jogs by dislocation intersections, creating further favourable sites for interstitial

precipitation. Pre-existing dislocation networks, introduced by cold work and in which a large

number of these favourable sites are generated, will thus have a large effect on the initial response

of the material to point defect fluxes generated within. After a certain dose, possibly dependent

upon the level of cold work introduced, the radiation response of the material may be altered by the

mutual annihilation of some of these sites. It is hoped that analysis of the full set of irradiations will

help to clarify some of these points.

At no stage was evidence seen cither for the nucleation of loops directly onto the partials

themselves, as might be expected were the Thomson &; Balluffi [10J mechanism to be operating, or

for Shocklcy dipolc formation resulting from a CuAl-like mechanism [28]. The results do appear

very similar to observations of irradiated dislocations in silver [37], in that dislocations promote the

formation of dense vacancy cluster damage in their vicinity. It is possible therefore that dislocations

are extremely effective at separating interstitial and vacancy fluxes, conducting interstitials away

from their points of generation by pipe diffusion whilst trapping vacancies.
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FIGURE CAPTIONS

Figure 1: 75' Dislocation in Fc-15%Ni-17%Cr (at.%)
0.05 dpa at ~400'C

Figure 2: 50-70° Dislocation in Fe-15%Ni-17%Cr (at.%)
0.05 dpa at ~400'C

Figure 3: Screw Dislocation in Fc-15%Ni-17%Cr (at.%)
0.05 dpa at ~400'C

Figure 4: Near screw to 60' dislocation in Fe-25%Ni-17%Cr (at.%)
0.1 dpa at ~400'C

Figure 5: 70" Dislocation in Fe-25%Ni-17%Cr (at.%)
0.12 dpa at ~400'C

Figure 6: Glissilc and sessile dislocation in Fe-25%Ni-17%Cr (at.%)
0.11 dpa at ~400'C

Figure 7: Jog climb under interstitial super-saturation.
- sec text

Figure S: Climb of single jog under interstitial super-saturation.
- see text


