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Structural relaxation processes at plastic deformation of two-dimensional copper and
aluminum polycrystals have been studied. In experiments, various types of rotational
effects — broken, through, and collective reorientation bands have been observed as well
secondary rotations being formed near the previously appeared bands. A particular part
played by special and close to special grain boundaries in plastic rotations formation has
been established.

B pabGoTe mciaemoBaHbBI MPOIECCH CTPYKTYPHOM pejlakcaluy IPpU IJIacTHUUEecKou medopma-
AW JBYMEPHBIX MOJUKPUCTAJIOB AJIOMUHHS U MeAu. OKCIePUMEHTAJbHO OOHADPY KEHBI
pasiuuHble BUIBI POTAIMOHHBIX 3(h()eKTOB — 0GOpBaHHBIE, CKBO3HBIE M KOJIJIEKTHUBHBIE IIO-
JIOCHI TI€PEOPUEeHTAIluM, a TaKyKe BTOPMUYHBIE POTAIlMU, BO3HUKAIOIWE B 00JaCTH paHee IIO-
SBUBIITUXCS II0JIOC. YCTaHOBJEHA o0cobas POJIb CIEeIUaNbHBIX W OJUBKUX K CIEIUAJTbHBIM
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I'paHUIlaM 3€PEH B 06paBOBaHI/II/I IIJIaCTUYEeCKUX pOTaIlI/Iﬁ.

Recently, concepts of plastic deformation
as a process occurring at different scale lev -
els in two complementary and competing
channels: translational and rotational ones
[1-3] are developed. Under plastic deforma -
tion of polycrystals, stress concentrators
arise at the grain boundaries due to differ-
ence between shear and rotation strain com -
ponents of adjacent grains; these concentra -
tors may be relaxed in various manners.
The variety of stress condition relaxation
manners found out in experiment causes an
interest in studies of relaxation phenomena
in polycrystals.

As the research objects, characteristic
types of fcec metals with low and high
stacking fault energy have been chosen,
namely, copper and aluminum samples.
The working part size of the specimens was
100x20%0.15 mm3, the grain size 3 to
15 mm. The desired specimen structure was
provided by selection of preliminary strain
and of recrystallization annealing regime.
All specimens obtained were two-dimen-
sional polycrystals, that is, contain the
through grain boundaries. On the one hand,
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in such samples various relaxation processes
should be manifested clearly enough be-
cause there are no constraints in the direc-
tion perpendicular to the sample surface.
On the other hand, it is easy to obtain such
samples with controlled density of grain
boundaries. The specimens were strained
under active tension conditions at a con-
stant straining rate €=10"% s 1. Such
straining rate allowed us to observe in situ
the structural changes accompanying the
specimen plastic deformation using a metal -
lurgical microscope or a digital video cam-
era connected with a computer.

It is shown in experiment that in two-di-
mensional aluminum and copper polycrys-
tals, the main way to the stress state re-
laxation is the origination of rotational ef-
fects [4, 5]. At the first stage of research,
the number of any rotations arising in vari-
ous aluminum polycrystal areas (grain body,
grain boundary) during plastic deformation
has been determined. These results are pre-
sented in Fig. 1. Rotational effects in grain
boundaries are appeared already at early
plastic deformation stages. So at the speci-

Functional materials, 11, 2, 2004



E.E.Badiyan et al. / Structural relaxation at ...

40}

nng, %

30F

2F

10

Fig. 1. Change of relative share (n/n;) of dif-
ferent areas in a two-dimensional aluminum
polycrystal subjected by rotational effects at
plastic deformation: grain boundaries (1),
grain body (2).

men deformation € =1 %, the relative share
of rotations in boundaries makes about 2 %
and it increases insignificantly with the de-
formation reaching about 8 % to the mo-
ment of specimen failure. At the specimen
deformation not exceeding €=10 %, rota-
tional effects in the form of reorientation
bands (RB) in grain body are not observable
essentially. Under the further straining, the
reorientation bands arise in bodies of vari-
ous grains, their number being increasing.
The relative share of reorientation bands to

the specimen failure moment amounts about
40 %.

a

Thus, the experimental data obtained
testify that under plastic deformation of
two-dimensional aluminum polycrystals, ro-
tational effects in grain body are mani-
fested most clearly. In the aluminum sam-
ples deformed, as a rule, the following
types of RB are found out: through bands
(Fig. 2a) crossing the whole grain body
from one boundary to another one, broken
ones (Fig.2b) with obtuse-angular or
wedge-shaped tops, and also collective RB
with length exceeding their width consider -
ably. Research of relaxation processes by
means of digital camera recorder which per-
mitted to trace rotational effects appear-
ance and development at a period of 0.01 s
has allowed to find out a new type of rota-
tions, that is, the secondary ones (Fig. 3).
These rotations appear within the body of
reorientation bands arisen earlier. A source
of primary and secondary rotation is the
same grain boundary.

The X-ray examinations have shown that
grain boundaries near which the occurrence
of RB was revealed as well as the all
boundaries of deformational origin ("RB-
grain body") appeared, in view of Brandon
criterion, close to special ones. Besides, all
reorientation bands arising within the
bounds of one grain had identical crystal-
lographic orientation and have been ori-
ented favorably for development of shear
deformation therein. Thus, at the initial
plastic deformation stages of two-dimen-
sional aluminum polycrystals, the stress
state relaxation occurs by formation of ro-

Fig. 2. Different types of plastic rotations in two-dimensional aluminum polycrystals: (a) broken

RB; (b) through RB; X5.
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tational effects as RB of various forms and
sizes in the areas of grain boundaries close
to special ones. Under further deformation,
reorientation bands arise oriented in such
manner that the further relaxation occurs
therein by the dislocation sliding.

The experimental results obtained testify
the specific role of special and close to spe-
cial grain boundaries in relaxation processes
accompanying the polycrystal plastic defor -
mation. To check this assumption, plastic
deformation was studied in two-dimensional
copper polycrystals where all grain bounda -
ries are special ones due to low stacking
fault energy. The stress state relaxation in
copper samples occurs by formation of rota-
tional effects in the form of sample sepa-
rate area rotations perpendicular to the
sample surface in essentially all grains. The
maximum plastic deformation in such sam-
ples exceed 60 %.

Thus, the experimental results obtained
show, that the structural relaxation in two-
dimensional copper and aluminum polycrys -
tals occurs by rotational effects arising in
the special and close to special grain bound -
ary areas. Such relaxation way not only re-
duces effectively the stress concentration in
the sample but also raises essentially its
plasticity, since rotational deformation
plays not only accommodation role but also
contributes substantially to sample plastic
deformation.
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CrpyKTypHa pejakcaiia Ipu IJIacTUYHiIN medopmarrii
nBoBuMipHuX modaikpucraixiB 3 I'IIK-penriTkoro

€.10.Badian, A.I''Tonkonpad, H.O.Caxaposa, O.B.Illexoé6yo08,
P.B.lllypinos

VY pobGoTi mocaimskeHO IPOIECH CTPYKTYPHOI pejakcaiii mpu IJIacTUYHif medopmarril
OBOBUMIDHHUX IOJiKpHCTANiB adoMiHilo Ta Mmimi. ExcnmepuMmeHTalbHO 3HAWIEHO DPis3Hi Buau
poramnifinux epeKTiB — o00ipBaHi, HACKPi3Hi Ta KOJEKTHBHI cMyru mnepeopieHrallii, a Takox
BTOPUHHI porarii, AK¥ BUABIAIOTHECA B 00JacTi paHilml BUHUKJIUX cMyr. BeranoBiaeHa 0co0-
JIUBa POJIb CHEIiaJIbHUX Ta OJMBBKUX OO CHEIiaJIbHUX MeK 3epeH y (OpMyBaHHI IacTmu-

HHUX POTAIiii.
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