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Both perfect and'inperfect dislocationiloops are formed by clustering,v

. \’ " " . [+]
_of excess vacancies in aluminum.(l’ 2) For diameters above about 50 A

* the perfect loop, % <110> has the lowest energy.(S) However, as this
critical redius is passed, during the arrival of vacancles, transformation
' requires fhe.nucleation of e loop of % <211> dislocation in the stacking
fault.of the imperfect loop. Because in the absence of high local
stresses the activation energy for this process is expected to be several
electron volts,(h) & 11> imperfect loops ould persist. - In 99.995
aluminum Joops containing a stacking fault were \first thought to be
"rare(l’ 2) but many of those shown in ref. 2 can now dbe igentified as

imperfect. ‘ o ) S~

Impurities appear to have a strong effect on the relative numbers of

perfect and imperfect loops that are observed. Yoshida, Kiritani and

;Shimomura (5) and Cottnrlll and Senall( ) have reported quantitatively on

"~ the ratio of perfect to 1mperfect loops for dlfferent purltles and quenchlng

pcondltxons.- However, tcey did not explaln how the Burgers vectors of |
3_'thevloops were determined.

When the diameter of the loops 1s greater than about SOO A they can
~ l:"?tafea51ly e dlstlngumshed as perfect or 1moerfect because ‘the latter exhibit
typlcal stacklng fault contrast (7) lie exactly on {lll} and have a

hexagonal shape;"However,unone of-tnese'distinguishing characteristics are
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reliable for smaller loops.
A typical loop substructure in a quenched and aged polycrystalline

(8)

aluminum specimen is shown at low magnification in Fié. 1. Loops often

occur in colonies with,;érger loops near the'edges. AAlthough this was

not zone refined aluminum, it is clear that most of the large loops

‘contain stacking faﬁlts. However, by observation of the photograph it is

not possible to identify the smaller loops &s perfect or imperfect. There--

fore it would notlbe'possible to obtain meaningful ratios of the two types.
In the presenf experiments different electron diffraction contrast:

conditions were‘used to ldentify the Burgers vecotré of loops too small to

be classified by shape, habit plane or stackingfault fringes. Singlg

crystal sheets were prepared of the same sluminum shown in Fig. 1. )The

bsurface'of the sheet was parallel to (111). For this orientation strong

diffracted beams could.be obtained from * 202, + 220, or £ 022 by slightly

tilting the specimen. If it is assum=d that the loops are éll perfect,

then for each of the above diffraction conditions only one of the six

2 '

2

-1s approximately equai distribution of loops among the six Burgers vectors,

<11C> Bﬁrgers vectors lies in the diffracting plane. Therefore if there

about one sixth of the loops should be out of conﬁrast(T) for each diffraction

‘condition. Half of the loops will never go out of contrast for any of the
three diffractioa éonditionsa

If the loops are assumed to0 be all imperfect then one of the four

a
3
one fourth of the loops, those on the plane parallel to the surface of the

<111> Burgers vectors lies in all three of the possible'diffracting Planes;

- foil, will always be ggﬁ'of diffraction contrast and the other three sets
"of loops will become invisible one set at a time as the diffracting plane

is changed. 0
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TheAre;ults showﬁ in Fig. 2 are Eonsiétent with the assumption that%%
nearly all the loops in this specimen were of the % <llI>‘impe;fect type.
Photographs of the same area for strong diffraction frem (202) or (220)
show loops on (111) and (111) respectively to be out of contrast. For
(025) in diffraéting position the third set of loops (I1l) were infisible.
Almost no loops remained in good contrast for all three diffraction
conditions.

The experiments show that for 99.999 aluminum nsarly all theflﬁops
can contain’'a stackiné faulﬁ. However, because they are only metastable
relative to perfect loops, the lower percentages previously reported may
héve resulted frdm stress induced transformatioas. The large loops near
the edges of colonies are particularly sﬁsceptible to loss of their stacking

faults due to the stress fields of dislocations that move during the

Preparation and mounting of a foll in the microscope.
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Filgure Captions

e

e

Flg. %. Typical coloay of loops in quenched ani aged 99.999 polycrystallinef

o ' glumiﬁum. | |

Fig. 2. Two photographs of the same area showing small loops for two
different diffraction conditions. " Projection of tetrahedron
showing orientation of {111} planes is drawn to a scale of

0.25 u on an edge.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.  Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








