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An in situ technique has been proposed to observe structural changes of an aluminum
polycrystal during plastic straining based on white light scattering by the previously
etched sample surface. It is shown that a quasi-periodic relief of grain surfaces results
from the chemical etching, the character of such relief is defined by crystallographic
orientation of each grain. The white light scattering by the surface relief causes coloring
of grains which is recorded using a Web-camera. It is shown in experiment that a change
in crystallographic orientation of grains or their fragments during the plastic straining of
two-dimensional aluminum polycrystals is accompanied by coloring change thereof.

IIpennoxena merommka HaOGMIOZeHHS in Situ’ CTPYKTYPHBIX H3MEHEHHUII B Iporecce
ILJIACTHUYECKON medopManuu ABYMEPHBIX IIOJUKPHCTANIOB aJIOMUHUA, KOTOPAas OCHOBAHA HA
WCIIOJIb3OBAHUY PacCesHUs 0esoro CBeTa IIOBEPXHOCTHIO IIPEABAPUTEIBHO IIPOTPABJIEHHOIO
obpasma. YCTaHOBJIEHO, UTO B Pe3yJbTaTe XMUMHUYECKOr0 TPABJIEHUS Ha IIOBEPXHOCTU KAXKIOI0
3depHa GopMUPYyeTCs KBASUIIEPUOAUUYECKUH penbed, XxapaKTep KOTOPOIrO ONPeHeaseTcs KPUC-
TamaorpadguuecKkoil opueHTalnueil sepua. PaccesHue 0eyioro cBera Ha IIOBEPXHOCTHOM PeJbe-
de s3epeH IMPUBOSUT K MX I[BETOBOMY OKpAIINBAHUIO, KoTOpoe perucrpupyerca WEB-kawme-
poii. OKCIIepUMEeHTAJIbHO YCTAHOBJIEHO, UTO M3MEHEHNHE KPHCTAJLJIOrpad)uuecKoil OpHUEeHTAI[nN
3epeH MM uUX (GparMeHTOB B IIPOIECCe IMIJIACTHUYECKOHN medopMaIuy IBYMEPHBLIX MNOJUKPUC-
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TaJIJIOB QJIOMHUHHA COIIPOBOMKAAETCA HM3MEHEHMHMEeM HX I[BeTa.

It is well-known that the metallographic
detection technique of polycrystal structure
consists as a rule in the chemical etching.
To reveal the grain boundaries in alumi-
num, the Keller etchant [1] is used most
often. It is possible to detect using chemical
etching not only grain boundaries as thin
dark lines but also an anisotropic quasi-pe-
riodic relief as the etching grooves on the
surfaces of grains, the character of such
relief being defined by crystallographic ori-
entation of each grain. Interaction of white
light with this relief at a certain selected
light source and positional relationship of
the sample, the light source and the record-
ing device may result in coloration of grains
depending on their orientation. During a
plastic straining, this experimentally ascer-
tained fact allows to observe in sifu not
only changes in a grain orientation, but also
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orientation changes within each grain si-
multaneously for the whole sample.
Recently, the major attention is directed
towards the coloration problem of wvarious
sample surface parts in photomicrograph
depending on the orientation factor and
other parameters (for example, the scatter-
ing factor in [2]). According to [3], it is
possible to see various grain orientations in
polycrystalline aluminum using so-called
orientation color maps. In [4], orientation
color maps are presented for steel samples
in as-prepared and strained states. In [5],
the color map makes it possible to judge the
local strains in various areas of copper poly-
crystals after plastic straining. In [6], the
orientation maps illustrate evolution of a
microstructure in pure titanium after
straining. It is to note that all orientation
color maps in [2—6] are obtained artificially.
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As a rule, the orientation of individual areas
of a sample is determined by diffraction meth-
ods, and orientation color maps are obtained
using special software which colors sample
map in accordance with orientation data (or
other data). Thus, to construct an orientation
color map, it is necessary to obtain orientation
data for various parts of a sample.

The method described in this work allows
to obtain automatically the color orientation
maps for samples of about 100x20 mm?2
size. The sample is illuminated by white
light from two sources: a filament lamp and
a luminescent lamp. The first light source
is placed near the sample (at 20 cm dis-
tance) while the second source and the sam-
ple are 200 cm distant. The light scattered
by the sample surface is recorded using a
PC-CAM 300 Web-camera connected with a
computer. Between a sample and the Web-
camera the system of lenses is used to pro-
vide a blowup. Fig. 1 presents the color ori-
entation map of aluminum polyecrystal sam-
ple after chemical etching using Keller
etchant [1] during 15 s. As is shown below,
the observed color of each grain is defined
by its crystallographic orientation. It is
purpose of this work to explain the physical
nature of the grain coloring. The aluminum
sample fragment containing 5 grains was
selected to that end. The color orientation
map of this fragment surface obtained
using a Web-camera is shown in Fig. 2. The
grains differing in crystallographic orienta-
tion have different colors. Fig. 8 shows the
grain orientation using a stereographic tri-
angle. The grain surface photomicrographs
obtained using a scanning electron micro-
scope JEOL JSM-840 are shown in Fig. 4,
too. A quasi-periodic relief is observed on
the surface of each grain. This relief causes
the light scattering anisotropy. To test the
validity of this explanation, an additional
experiment has been realized using mono-
chromatic radiation of the He—Ne laser (A =
633 nm, power P =2 mW). The sample
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Fig. 2. Color orientation map for a fragment

of aluminum polycrystal surface (x10).

fragment containing 5 grains was placed at
the holder which can be moved in two direc-
tions transversely to laser beam. Thus, it
was possible to direct the laser beam succes-
sively to the surface of each grain. The
light spot diameter at the sample surface
was 1 mm. Fig. 8 shows the character of
the laser beam scattering by surface of each
grain. The anisotropic pattern of monochro-
matic radiation scattering correlates with
the character of the grain surface relief.
For surface relief which consist only one set
of the etching grooves, the uniaxial-anisot-
ropic pattern of the laser beam scattering in
the direction transverse to these grooves is
observed. If the grain surface comprises two
sets of the etching grooves, the laser beam
scattering anisotropy is characterized by
two directions. Thus, the grain surface re-
lief arising from the chemical etching
causes anisotropic light scattering. If the
whole sample surface is illuminated by white
light from two sources, the white light scat-
tering patterns at the quasi-periodic relief
of the grain surfaces can be observed using
digital camera (Fig. 1). Thus, the results of
the last experiment verify the possibility of
the polycrystal grains coloration which is
due to the interaction of white light with
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Fig. 3. The grain surface scanning electrons photomicrographs (x500), laser beam scattering pat-
terns by grain surfaces, crystallographic orientation of grains (1 — normal direction, 2 — direction
shown by arrow): grain 1 (a), grain 2 (b), grain 3 (c), grain 4 (d), grain 5 (e).
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Fig. 4. Color orientation maps for two-dimensional aluminum polycrystal surface obtained in situ

during plastic straining (1 — rotation of grain as a whole, 2, 3 — fragmentation of grains): ¢ = 0

(a), € =12.6 % (b), € =17.9 % (c), € = 23.3 % (d).

the quasi-periodic relief of the grain sur-
faces. If the same positional relationship of
a light source, a recording device and a
sample are provided during a plastic strain-
ing, it is possible to observe in situ changes
in crystallographic orientation of individual
fragments simultaneously to the whole poly-
crystalline sample as color change of these
fragments. Orientation maps of the alumi-
num polycrystal for various straining extents
are shown in Fig. 4. The sample was strained
under active tensile conditions at a constant
straining rate ¢ = 1.2.1075 s~1. The Web-cam-
era used allows to obtain color orientation
maps for a sample surface at a frequency of
30 pictures per second. Thus, the mechanism
of various rotational structures rise and de-
velopment and other orientational effects
which define the sample plasticity can be
traced. In particular, for the first time, the
rotation of a grain as a whole (Fig. 4) during
a plastic straining of two-dimensional alumi-
num polycrystal has been observed using the

optical technique described above. As shown
in Fig. 4, the color of the grain 1 changes
continuously, while color of neighboring
grains remains almost unchanged. In an-
other area of a sample (grains 2, 3), the
fragmentation of grains is seen which arises
at the strain ¢ =12 % and develops up to
the sample failure at ¢ = 23.8 %.

References

1. M.Beckert, Ch.Klemm, Spravochnik po metal-
lograficheskomu  travleniju, Metallurgia,
Moskva, (1980) [Russian edition].

2. V.A.Sterligov, Phys. Stat. Sol. (A ), 170, 2 (1998).

3. J.-J.Fundenberger, A.Morawiec, E.Bouzy,
J.S.Lecomte, Ultramicroscopy, 96, 127 (2003).

4. M.Kamaya, A.J.Wilkinson, J.M.Titchmarsh,
Nucl. Eng. and Des., 235, 713 (2005).

5. A.Tatschl, O.Kolednik, Mater. Sci.and Eng. (A),
364, 384 (2004).

6. S.R.Kalidindi, A.A.Salem, R.D.Doherty, Aduv.
Eng. Mater., 5, 229 (2003).

OnTuuauMii MEeTOA TOCHIIKEeHHS CTPYKTYPHHUX 3MiH
y MOJIIKPHCTAJAaX AJIOMiHiIO

€.10.Badian, A.I''Tonkonpad, O.B.lllexoéyoé6, P.B.Illypinoe

3anpOIIOHOBAHO METOLUKY HMOCHiIMKEeHHA ' in situ” CTPYKTYPHHX 3MiH y IpoIeci mmiacTmd-
HOI medopmarii ZBOBUMIpHMX MHOJIIKpHCTANIB anoMiHil0, SKa I'PYHTYEThCA HA BHUKOPHCTAHHI
poaciroBaHHs1 0iJioro CBiTJIa IIOBEPXHEIO [ONEPEeIHLO IIPOTPABJIEHOr'0 3pasKa. BcraHOBIEHO,
10 y pe3yJabTaTi xiMiuHOro TpaBjeHHsS Ha IIOBEPXHI KOMKHOr'o 3epHa (POPMyeEThCA KBasimepio-
IUYHUN peabed, xXapakKTep SKOro BH3HAUAETHCA KpHcTasorpad)iuHo oOpieHTaIlico 3epHa.
PoaciroBanus 6isoro csitiia HA IIOBEPXHEBOMY pPeabe(i 3€epeH IPUBOAUTL O IX KOJHOPOBOI'O
apOyBanHs, fAKe crocrepiraeTscsa 3a gormomoror WEB-kamepu. ExcriepuMeHTaIBHO BCTAHOBJIE-
HO, [0 3MiHeHHs Kpucrajorpadiunoi opienrarii 3epex abo ix ¢)parmenTiB y mpoiieci miacTuyHol
medpopMmariii JBOBUMIPHUX IIOJIKPHCTAJIIB aMIOMIiHiI0 CYyIIPOBOMMKYETHCA 3MiHOIO iX KOJLOPY.
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