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ABSTRACT

A transmission electron microscopy study of the interaction between
a prismatic dislocation loop and a straight dislocation moving in its
glide plane in Mg0O is reported. The interactions are discussed in terms

of Kroupa's theoretical estimates of interaction. parameters.

* : - '
Present address: Solid State Dlv151on Oak Rldge Nat1ona1 Laboratory,
. Oak Ridge, Tennessee 37830. : .



I. TINTRODUCTION

Whenbgrystals are.quehched from highvtemperature;orvirradiated; a
large supersaturation of point_defects is introduced. On subsequent
anneaiing these'intérstitiéls or vacanciés cluster to fOrmvdislocation
loops. _Iﬁ sdmg materials, parﬁiéularly ionic solids, plastic deformation
infroduces‘daﬁage mostly in the form of vacancy and:interstitial dipoles.1
On heéting fq‘high teﬁbérétures, theée dipoles bfeék #é into prismatic B

dislocation loops by pipe diffusidn.z‘ Oﬁ further héating’single dis-
| locations thrbﬁgh their lohg.range elastic iﬂﬁeracfibn'with dislocation
losps'of sﬁitable-sfress field:starf mbving. Theoretical studies of
various interactions bétﬁeeﬁ prismatic'diSioéation lodps'and straight
dislocations HaQe'bgén made by Krouiaa3 and Saada aﬁd-Wéshburn.4 Hirsch
aﬁd Siléoxslobserved in the electron microscope intéracfions between
moving dislqéétions and loops in_aluminum and with étacking fault
tetrahedra in gold. Strudel and Wash_burn6 reported éqme of the
interactioﬁs between imperfect loopé and dislocations in aluminum.
Hoﬁever, direct_electfon nicroscopic evidence of the above interactions
in.ionic solidé is still lacking. In the present ;epotﬁ, the inter-
actions betﬁéeﬂ,a:prismatic dislocation loop and a étféight dislocation
'in MgO‘are stqdied by repeatédly photographing the same area in the
microscope afte:_different éhnéaiing treatments done dutside the

- .electron microscope.



S5
II. EXPERIMENTAL

1.Siﬁg1e erystals of magnesium oxide in the form'dff{OOI} thin slices
(1 x 1 x 0.05 cmj were deformed plastically (bending)buntil they were
full of sliﬁ Baﬁds, Details of thé deformation‘are.deséribed elsewhere.
Initial thinnihg of these samples was done by chemical polishing inAan
 orthophosphoric acid bath at about 150°C. Electronimicroscope samples .
were obtained using a jet polishing techniqu¢ on theSe_samples.

Electron microscope samples were heated Outsidé:fhé microscope‘and
the same area was photographed repeatedly under idéﬁticéivdiffraction
conditions. A Siemens 100 keV electron microscope Was.used. For the -~

details of the contamination-free annealing techniques; see Ref. 8.
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ITI. RESULTS

-Flgures 1 through 3 show 1nteract10n;where the dlslocatlonlloon and
the dlslocat1on are on perpendlcular planes and have the same b-vector.
Flgure 1 represents the same area after dlfferent anneallng treatments
done. out51de the electron m1croscone A > B, 20 m1n at'1250.C; B ~ C,

20 min at 1250,C' C - D, 20 min at 1250°C' D > E, 49 ﬁiﬁ at 1100°C;
.'E -+ F, 45 min at 1100° C F > G, 45 min at 1100°C; f -+ H 21 min at 1200°C;
H -+ I, 34 min at 1200°C. '
The 1nteract1on of a mixed dislocation at 3 with a pr15mat1c dislocation
"loop at 4 of the same Burgers vector b = 1/2[101], is shown in Figs. 1-A
through H. Durlng annealing the dlslocatlon through 1ts long-range inter-
'QCtion motes_and 301ns the loopkln Fig. 1-F. Notlce the reaction at the
. point of contect; The sudden change in the width of the dislocation is
because of hlgh screw component of the dlslocatlon .The image width of
the. pure edge dlslocatlon is about twice that of a screw dislocation in
thls orlentatlon.ln MgO (Narayan,'unpubllshed). As annealing is con-
tinued furthef, the annihilation of the dislocation loop oceurs.by pipe
diffusion and prismatic slip. Notice ‘the prismatiegslip in the part of

the dislocation loop which is near the surface of the foil (Fig. 1-G).

On further heating‘(Fig. 1-H) the disloeation loop is completely annihilated

both by pipe diffusion and prismatic slip. During:annealing from Fig. 1-G

bto 1-H, the dislocation'interacts with.the 100p'5 and’annihilatesoit. "The

- severe bending of the dislocation is because of localized interaction

between'the'IQOp and the dislocation.> The dislocation also starts inter- |

acting with the loop 7 and on further heating it annihilates the loop
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mainly by.pipe diffusion (Fig.'l—I). Notiéevégain‘the sé?ereydistortions
of the disiécétion due to localized interactibn. ‘Aisimiiar interaction
is shoWnrin Fig.vzéA through E. The éhnééling freéthénts in Fig. 2 wefé
.as'fdlloWs; A > B, 49 min at 11006C; B >~ C, 45 min at:ilOO°C, C - D,

45 min at '1100°C + 21 r‘ni:n'a't>1200°'c; D + E, 34 min at:1200°C + 39 min at
1237°C. A mixed disloéatibn with a:high screw éomponent at 1 (b = 1/2[101])
interacts‘with the prismatic ioop at 2 of the same B%vector. In this case
the dislocatiohvloop was very near to the surface. Thérefore, the loop
was annihilated primarily by prismatic Siip rathef fhén,pipe diffusion.
When thé same dislocation inferacts with the loop at 3 which is near the

~ center of the foii, the anniﬁilation of the loop ocpufs primarily by:
pipe»diffusioh. Severe bending of the dislocation dﬁe to localized
inteiaétioﬁ-With the‘loop is apparent (see Fig. 2-C). 1In Fig. 3 at 1,
almost a pure screw dislocation interacts with the'priSmatic dislocation
loop which is very nea} to the surface and annihilatioﬁvof fhe loop oﬁcurs
primarilyrByrpfismatic‘slip.v For Fig. 3A, thevpiéturé‘With g = [?OO] is
also given-which shows the interaction more clearly. A probable mechanism
of this type of annihilation is‘proposed below. Annéaling treatments in
Fig. 3 are:. A~ B; 26 min at 1250°C; B > C, 40 min at 1250°C.

Figuré 4. shows the interéction-where the dislécation loop and the
dislocation lie on the same plane and have same b-Veétor. The annealing
treétments in Fig. 4 were as follows: A»-.> B, 10 min at 1367°C + 15 min .
at 1116%C; B -~ C, 30 min at 1116°C + 26 min at 1280°C + 40 min at 1280°C.
"The dislocation loop and the dislocation both have the b-vector, 1/2[101],

and are of pure edge character; They therefore have a’strong interaction.;
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Here the loop is primarily annihilated by pipe’difquibn during annealing.

(see Fig. 4-C). The prismatic slip is almost absent becausé‘the disloca-
tion, being at-90°”tq the glide cylinder of the prismatic loop, prevents

gliding of the loop through its line tension force. Thé loop is like a

wire ring fastehed by strings of wires which'preveht‘it from falling down.
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IV. DISCUSSION

B plane of the
When the dislocation is normal to the,loop of radius R, the forces

on.elements of dislocation vary as? 1/r3 for f 2 2R,iwheré r is the
separation betwéeﬁ the loop and the‘disloéationl- fhese force$ depend
both on 506;(g1ide cémpohent’ofvthé Burgefs veétor,of thé dislbcation
.loop) and bOP (edge componént Qf the Burgers vector ofdthe dislocation
loop). The téfal force of interaction obeys the iﬁvéfée-Square force

law, i.e., -

R2
= A >
Fr = Fm 5 for r R s
T
= - F for r <R ,
.m o

where Fm’is'the maximum force of interaction and is'given by fl(e)ubocb/Z
for a screw_diﬁlocation‘and by fé(e)pvbopb/(l—V) for ah edge dislocation.
The functipn f(0) represents the angular dependencé éf the interaction
force; b is the Burgers vector of the dislécatioﬁ; u is the shear modulus
of élastiéity.énd v the PbiSSOn's ratio. The'fotai-interaction energy at
distances r 2 2R varies as 1/r and for r = R it is'ffoportioﬁal to the
radius of the loop R. | » ' | ‘ oG
, L N )
Thus,althoughthe forces on elements of the prismatic edge loopgand pure
_screw dislocétion_due to mutuai interaction are ﬁoﬁ—ééro,v the integral
of forces (the totél force of interaction Between the loop and the dis-
location) is ierq.. Since dislocations in Figs. 1 fhfough 3 have a slight
.edge ﬁomponeht which can inferaqt Qith fhe loop and‘beééusé the inter- .
a;tion befween fhe loop and the dislocation is of 1§éa1ized nature, an

instability is set up and the dislocation starts bending locally. As
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the bending continues, the edgé-componéht of the dislotétion.increase$. 
locally.aﬁd.the'interaction‘inéreases. vThis results.ih4s¢verevlocalv
bendingvof.the disidcationv(Sée partiéularly Figs.vlfc énd 2;D);

‘.When the dislocation loop is Qefy close to thé_éqrféce (Figs.vZ and
3); after the:Qislocatioﬁ.of thébgamé Burgers vectdr_has touched the loop,
the'subseqﬁenf.annihilatién occurs pfimafily due té'pfiématic sliﬁ by the
| following mechanism. -The'dislocatidn is divided iﬁt@ two segments at the
poinf of contact by a'process similar to that in Fig};I;F. ThisvreSults
“in. two highvenergy constrictions. Both'segments tf&:té agquife ldwer
gnergy configurétibn; i(e.;>beédme straight by remoVa}iéf consfrictions.
The segment .closer to the surface aided by surféce image'forces sta;ts slip-
- ping‘out_fo‘fhé’sufface; 'This'contiﬁues until fhé wﬁole loop has slipped but.
>'_When the dislocation 100p and the'dislocatioﬁ aie_6n the same plane

corresponding to the geometry in Fig. 4, the total interaction energy

Eint is given by™:
Bint = - M0 gy TLL - Q- RE/H] for x 2R,
Fine =M oyt T ERo

where r is the separation between the loop and the'dislbcatioh, and R
~ being the radius of the loop. This predicts relativ61Y'strong interaction

 between the loop and the dislocation, which is shown in Fig. 4.
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CONCLUSION

These Qbéervations,provide direct evidence of various dislocation
ihteractions.--Both prismatic.slip and pipe‘diffusion ére the important,
mechanisms of dislocation'loqp annihilation. The fdrmef is important
when the loop is near the surface and the latter when‘the loop is near
the center.of_fhé foil.. Thesealoop-dislocation interéctiqns may lead

to dislocation channelling in irradiated ionic crystals.
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FIGURE CAPTIONS

Fig. 1 The interaction between a prismatic dislocation loop and the
mixed dislocation of the same Burgers vector but on perpen-
dicular planes. Notice the interaction at the point of con-
tact in Fig. 1-F and annihilation of the loop partly by
prismatic slip and partly by pipe diffusion (Figs. 1-G and
1-H). The bending in the dislocation (Fig. 1-H) is due to
localized interaction between the loop and the dislocation.

Fig. 2 The interaction between loop 2 (near the surface) and dis-
location 1 and annihilation of the loop primarily by prismatic
slip. Loop 3 is annihilated primarily by pipe diffusion. The
severe distortion in the dislocation is due to localized
interaction.

Fig. 3 The interaction between the loop and almost a pure screw dis-
location and annihilation of the loop by prismatic slip.

Fig. 4 The interaction between a prismatic dislocation loop and an
edge dislocation with the same b = 1/2[101] and on the same
plane. Notice the absence of prismatic slip in the disloca-

tion loop.
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XBB 733-1506

Fig. 1(A)-(F)
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XBB 733-1507

Fig. 1(G)-(I)



L 0.5 |

XBB 733-1508

Figu 2'
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XBB 733-1510

Fig. 4.
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