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Abstract: Thermal etching figures tn deformed by rolling and then annealed poly-
erystalline copper wre presented and erplained. Using light oxidation as a decoration
teehnigue, slip bands and twins were pbserved und erystallogrophic informations taken
out of themm are also given,

1. INTRODUCTION

Evaporation is essentially the reverse of crystal growth. Both pro-
cedures produce steped features, in opposite directions, on the surface.
These come usualy from imperfections within the crystal, such as dig-
locations, grain boundaries or twins, and can be revealed by means of
etching. There are different methods for etching (chemical, electrolytic
or thermal). Etch-pit figures have been widely used to get crystallographio
informations as well as to study dislocation densities, the general direction
ol dislocation lines and motion of dislocations®2 Mecking and Bulian®
used etch pits to investigate the basic mechanism of strain hardening
in copper single crystal. Decoration techniques are sometimes neccessary
for making these steps visible. Betghe and co-workersh5, using a deco-
ration roethod based on evaporation of very thin layer of gold onto the
surface investigated, showed a dissociation of a «f[100] dislocation into
two x/2<110> partials.

It was long ago when thermal etching was introduced as a techni-
que for studying growth of crystals. As early as 1912, W Rosehain and
D. Ewan! noticed the characteristic striations produced by thermal
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etching of silver. Recently, Doeser et al.? studied, by thermal etching,
the influence of the structure immediately below the surface on etch
figures.

Ia a previons paper® the presence of thermal etch figures in heavily
deformed and then annealed polycrystalline copper was noticed. This
paper presents the results ol the study of this phenomenocn. These were
observed by optical microscope and some of them were made visible by
the help of preferential oxidation.

2. EXPERIMENTAL PROCEDURE

Polycrystalline copper of 99.999%, purity was heavily deformed by
rolling up to 90% reduction in Lhickness of ihe original sheet, then an-
nealed for 48h at 1000° C in a vertical [urnace through which high purity
argon was {lowing, and [inally quenched in iced water. With slow quench-
ing rates, a thin laver of cuprous oxide was lormed ou the surlace. Such
specimens were moskly used in this work. The specimens were examined
under an optical microscope either straight alter quenching or after their
surfaces have been cleaned by sodium cyanide which disolves the oxide
film lormed.

3. RESULTS AND DISCUSSION

When metal seclions are heated, their initially smooth suriaces
become roughened, forming the so-called thermal etching figures. When
the normal to the specimen surface is close to a crystailographic direction
with small indices, the shape ol such figures is symmelrical.

The results of this work have been divided nto three parts: General
chservations, ship bands and twins. Photographs were taken using a
Reichert Zelopan metallurgical microscope.

a} General observalions.

Figure 1 shows different examples ol eteh ligures. Fig. 1a is o dark
field image showing the existence of steps on the surface These appears
as white lines in the photograph.

In Fig. 1b there are etch figures in a generally oriented crystal sur-
face. Their shapes are irregular and Lhis can be attributed to the combi-
nation of dillerent sources (some are marked by S) from which evapo-
ration of copper atoms preferentially occurs. These sources might be
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Fig. 1. a) A dark freld phatograph showing tic existence of steps on the copper surface
X 2600).

b) Thermal etching figures an an arbitrary erystal surface (X 2600 ).
e} Crrenlar thermal etch figure (X 4300).
d} A erystollographie etch pit (X 3500}
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Frg, 2, Successive stages, possibly explaining the formation of the figure in Ic.

Fig. 3, 8lip bands on a (111) surface, Ozide film covers the surface, making the observation
easy (X 2300).

WnoeiakA BiBAIoBAkn OedppaocTog - TuAua Mewoyiag. A.l.O.



159

connected with emerging points of dislecations from the bulk.

Formation of thermal etch spirals have been previously reporteds®.
Fig. 1c shows a spiral-like growth which could be explained as a result
of interaction between spirals. This is possible if we think of two dis-
locations with the same but opposite in sign Burgers vector.

Fig. 2 shows successive stages (in the growth process) of a model
for such generation. When the two spirals come close to each other
(stage d), a closed front is formed and the two sources start producing
a new step (stage e). It is also worth noticing the presence of small oxide
particles, mainly sited along the steps produced by thermal etehing.

Finally, Fig. 1d shows a «crystallographien etch-pit and its schematic
diagram. It is a regular flal bottomed triangle and it can only he ex-
plained if the specimen surface is a {111}, Then, the sides of the triangle
point directions of <110»> type.

b} Slip bands.

Figure 3 shows surface steps which were attributed Lo the slip.
Fig. 4 presents the successive steps for the nucleation of such sleps.
As stress conbtinues, more dislocations are formed within the crystal
and move to the crystal surface. When they arrive there, they produce
a step of height proportional to the number of dislocations which have
gone out and not to the total number of dislocations nucleated. The
line produced on the surface has now kink sites and it 1s logical to sup-
pose that evaporation will take place easier from such points of the
crystal surface, so these could remam during anealing (and mighl in-
crease Lheir height by the movement of some of the remaining disloca-
tions)*. If new slip lines are formed within a few hundred Angstroms
distance from the original one, we observe clustering of slip lines into
bands. Oxide particles will then growth preferentially along these li-
nes, during a slow quenching, making them visible.

It is known that slip planes in f.e.c. maferials, like copper, are the
{111} planes. Therefore, slip bands belong to such planes. In Fig. 3 we
can see two sets of slip-bands appearing on the surface with an angle
of 60° between them. The plane which can fulfill all these is a {111},

* This is not always the case. When a plastically deformed metial is heated to
atemperatnre al which self diffuston can occur, new strain-free grains nucleale among-
st the deformed grains and grow s0 as to consume them. This is called recrystalli-
zation.
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say the (111). Thereiore, the indices of the slip lines should be a combina-
tion of the [110], [101], and [0I1]. This conclusion is supported by the
presence of the triangle feature A, which 1s a rather characteristic pit
[or octahedral faces, as we pointed previously.

¢l Twins.

It is known that a number of metals when deformed undergo sudden
localized shear processes called twinning, which involve a small bul
well-defined volume within the crysial. It was two decades ago when
confirmation of twin formation in [.c.c. metals as a result, of deformation
hag been obtained by precision x-ray melhods, electron microscopy and
electron diffraction. Copper crystals deformed at 4°K were found$ to
form twins. Silver, gold and nickel also twin®lt,

Crystals M {(matrix-crystal) and T (twin-crystal) in Fig. ba are
an observed typical example ol iwinning. The angle between the slip
bands aund the intersection of the twin plane with the crystal surface
15 52°. Because slip bands should have a <110> direction, the intersection
15 a <112» direction (angle between the two directions 54.7°). In f.c.c.
metals the twin plane ig invariably the close packed {141}, which is
also the slip plane, while the twinning direction is <112>. If we choose
the (111) as the twin plane and the [112] as the twinning direction, then
the twinning axis is the {111], the direction of the slip bands are the [110]
for the matrix and the [110] for the twin crystal and the crystal surface
is the (110). Slip is taken place in (111) planes. Il the erystal surface is
net exactly oriented, the angle ol the slip bands can varies to some degrees

Fig. 5b is a micrograph, taken witha JEM 100U electron microsco-
pe, showing twins within the bulk matemal. This comes out from the
characteristic fringe pattern. Finally, Fig. b¢ shows the increase of the
visibility of the features observed by the help of thin oxide layer. The
regien of the specimen in the photograph has not complelely cleaned by
sodinm oyvanide. It is clear that it would be very difficult [or twins
and slip lines to be observed without the oxide layer.
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(a) (b) (¢}

Fig. 4. Successive stages for slip-line formation on a surface by dislocation slip, according
to the theory of dislocations.

a &

Fig. 5. ) Twinning and slip bands in a surfuce covered by oxide. M ts the matriz and
T the wwin crys'al (X 2300).

b} An electron micrograph showing twinning within the bulk material (X 100.000).
¢) Surface of a specimen cleaned by sodium cyanide. From some regions the vzide
layer has been removed. [n these regions slip and twinning are not vistble (X 2300 ).
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TIEPIATTYH

IXHMATA A0 QEPMIKH AIABPOZH XE INOATKPTETAAAIKO
XAAKO KAD H BOHOEIA EAADPIAL OEEIAQZHE ZTHN TAPA-
THPHZH TOTZ

Tad
I. T. ANTQONOITOTAOY

“Oray Eva Ghixd Deppaiverton, dms v fmodveld Tou gebycuy EToua.
Té gowvbuevo bvopdlertar Dzopunty Sidfpwon xol o oyfpate mod Srnuioup-
yvolvrow ayfpata Ueppinfc Suefpwong. Adta Hravw 6 avmixelpevo adrig g
gpyuotag. ‘g Ohxd yenoipomorilnue molvkpuoTaihxds yuirds, 6 Gmotog
elye bmootel dpywa FAxoy, oTh guvysi dvémTNGY wel TEAwd Toysle $dEy.
Hapamnerinray wel 2Enyhlnrey Sidoope oyhuate wpospybpeve dnd Geppixd
Sufpwcr. Xonoipomordvtog wxpt) Toaxdmte (OEng of pepira  Selypata
meThyope Ehapord Emioavetany 0fzidworn. AdTd frav mdpx mOAD yeNouLo Yid
THY mapoTheNGY, Optauévwy imupavelaxndv oynudtev, Td omotx 8% 0% frav
towg Suvart va mapatnenoly erhdde. And Ta TeAzuraln adtd oyfipnate TTpo-
Hrllay mAnpogopleg oyeTind pd TV xpLGTEAACTREPlE TEV HPLGTHAACTEV TTOD
EEeTdoTnnay,
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