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It was experimentally developed the new approach of the grain boundaries detection in
the polycrystalline samples. In this approach scratches are applied on polished surface
using the method of sclerometry, then the sample surface is illuminated by the light beam
directed toward the surface at a small angle perpendicular to the direction of the applied
scratches. The proposed approach is based on the anisotropy of the mechanical properties
of the crystal sample. It is determined that the configuration of the pile-up of material
which extruded on the grain surface as a result of the applying the scratches depends on
the crystallographic orientation of the grain. Optical microscope image of the configura-
tion of the pile-up in the area of scratch under oblique illumination of the sample surface
considerably changes under crossing of the grain boundary. These changes allow clearly
record the grain boundary.

IKCIIePUMEHTANBHO IIOJYYEH HOBBLIM CIIOCO0 BHISBJICHUS IPAHUI 36PEH B IIOJUKPUCTAJIN-
yeckux obOpasmax. Crocod 3axjiouaeTcs B HAHECEHMM HA IIOJHPOBAHHYIO IIOBEPXHOCTH Iapa-
IIMH METOJOM CKJIEPOMETPHUM U OCBEI[eHHU IOBEPXHOCTH 00pasiia IyYKOM CBEeTa IIOJ MaJbIM
yriaoM K Hell IepHeHAWKYJIAPHO HAIPABJIEHUIO HAHECeHWs IapamuH. MerToj OCHOBaH Ha
AHM30TPOIINN MEXaHHYECKHX CBOMCTB KPHCTAJIJIMYECKOro o0pasiia. ¥ CTAaHOBJIEHO, YTO IIPO-
buap maTepuana ob6pasia, BLITECHEHHOI'O Ha OBEPXHOCTHb 3€pHA IIPYM HAHECEHWUU I[aPaIluHBI,
3aBHCHUT OT KpucTajiorpaduueckoil opuenranuu 3epHa. FsobpaskeHne B OIITUYECKOM MHUKPO-
cKole npoduisa maTepuaga B 00JIACTH I[APAIMHLI IPX KOCOM OCBEIEHUU [IOBEPXHOCTU 00pas-
IIa Pe3K0 MEHSeTCS [PU IIePeceUyeHry I'PAHMILI 3€PeH M 9TO HM3MEHEHHE II03BOJISIeT TOYHO
OIIPEeNUTD IOJOKEeHNe I'PAHUIL] 3ePeH.
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1. Introduction

The sclerometry is a well-known method
for determining of the mechanical proper-
ties of materials, such as material hardness
[1, 2]. In this method the indenter after
penetration in the sample, is shifted along
the sample’s surface. This forms a scratch
(groove) in such a way that the material
under indentation =zone reproduces the
shape of the indenter with pyramid geome-
try. Other part of material is extruded on
the surface of the sample toward the edge
of the groove. The hardness of the material
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can be determined by measuring of the
groove’s width.

The anisotropy of mechanical properties
in the surface of material can be also stud-
ied with the sclerometry method. For this
purpose scratches are applied in different
directions. For example, the method of
sclerometry with the use of Vickers dia-
mond pyramid indenter with the apex angle
of 136° was utilized in [3] during the inves-
tigation of the mechanical hardness of Cgg
fullerite single-crystal. It was shown experi-
mentally that width of the groove depends
on the crystallographic plane and the direc-
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face of bicrystal aluminum obtained under
illumination by light beam directed perpen-
dicularly to the surface after scratching the
polished sample surface (scratches intersect the
grain boundaries). The image was obtained by
means of a PMT-3 device using Vickers dia-
mond pyramid with a load of P =10 g.

tion of scratching. Thus, if scratch is made
on the surface of polycrystal, the width of
the scratch should change in the areas of
the intersections with the grain boundaries.
This effect could provide a reliable mecha-
nism to found out the location of the grain
boundaries.

2. Experimental procedures

The aluminum and copper polycrystalline
samples were used in this study. Fig. 1
shows the optical microscope image of the
surface of the polished aluminum bicrystal
in the area of the intersection of the grain
boundaries with surface grooves. The
grooves are formed by scratching of the
surface of the bicrystal using Vickers dia-
mond pyramid of the PMT-3 device with a
load of P =10 g. A distance between the
scratches was 100 um. All scratches inter-
sect the grain boundary. Fig. 2 shows the
optical microscope image of the same sur-
face area on the reverse side of the sample
after revealing of grain boundary using a
Keller etchant [4]. In the intersections of
scratch with the grain boundaries, the
width of the grooves changes (Fig. 1), but
this alteration is insignificant and can not
be used as a reliable criterion for determi-
nation of the location of the grain boundary
(Fig. 2).

The configuration of the "pile-up” in the
area of the grooves which arises from
scratching was examined using a Michelson-
Linnik interferometer and optical micro-
scope. This configuration of the "pile-up”
can be schematically represented (Fig. 3) as
a configuration of the groove (A) which re-
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face of bicrystal aluminum after the chemical
etching of the reverse side of the sample with
the purpose of the grain boundaries detection.

Fig. 3. Scheme of the image groove formation
in the field of view of optical microscope
under illumination by light beam directed
perpendicularly to the sample surface: a)
scheme of the configuration of pile-up in the
area of groove; b) an image of the groove.

produces the shape of the indenter (pyra-
mid) and the configuration of the material
(B) extruded on the sample surface at the
edge of the groove.

3. Results and discussion

Experimental investigations of the pre-
sent work show that the configuration of
the "pile-up” formed on material extruded
on the grain surface, as well as depth and
width of the groove depend on the crystal-
lographic orientation of the plane of scratch
applied and on the direction of the scratch-
ing. This dependence can be used to study the
mechanical characteristics and, as it is shown
below, to determine the location of the grain
boundary in polycrystalline sample.

The groove image under the normal
(standard for PMT-3 device) incidence of
light on the sample surface is schematically
presented in Fig. 3. It represents a white
stripe in the central part of the groove
image. It occurs as a result of the light
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Fig. 4. Scheme of the image groove formation
in the field of view of optical microscope
under illumination by light beam directed
perpendicularly to the sample surface and the
additional oblique illumination (from the
right) of the sample surface at the angle of
~ 10° to the surface and perpendicularly to
the direction of the scratches: a) scheme of
the configuration of pile-up in the area of
groove; b) an image of the groove.

reflection from indentation impression pro-
duced by the top of the four-sided Vickers
pyramid, because four faces can not be re-
duced to the point [5]. This crntral part
corresponding to the pressed-in section is
almost parallel to the surface of the sample.
Also, black stripes located left and right to
the zone of the white stripe can be observed
due to the rays reflected from the groove
area which reproduces the shape of the
pyramid indenter and it did not appear in
the objective of optical microscope. The
white stripes located on left and right sides
of the area of the black stripe are formed as
a result of the light reflection from the
sample surface without scratches.
Additional oblique light beam directed at
a small angle towards the sample surface on
the area of the groove can provide the light
reflection of the sample material extruded
on the surface (Fig. 4). The corresponding
groove image is schematically presented in
Fig. 4. White strip should appear at the
edge of the one of black stripes that is
closer to the source of the oblique light. The
white stripe arises as a result of light re-
flection from the part of the material which
is extruded on the sample surface in the
process of scratching. It is shown experi-
mentally that the additional source of illu-
mination must differ from the primary
source of illumination by its intensity or
type. Subsequently, the image of this white
strip does not merge with the image of the
polished surface without scratching.
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Fig. 5. Optical microscope image of the sur-
face of bicrystal aluminum (the same frag-
ment of the surface of bicrystal aluminum as
shown on the Fig. 1) obtained under illumina-
tion by the light beam directed perpendicu-
larly to the surface and the additional oblique
illumination (from the right) of the sample

surface at the angle of ~ 10° to the surface
and perpendicularly to the direction of the
scratches.

The intensity of the light reflected from
the material extruded on the sample surface
is depended on the configuration of the
"pile-up” of this material and its orienta-
tion with respect to the additional oblique
light beam. The grooves are formed due to
plastic deformation which is anisotropic.
Thus, the configuration of the "pile-up” is
determined by the crystallographic orienta-
tion of the scratch’s plane as well as the
direction of the scratching. The "pile-up”
configuration alters in the places of the
scratch intersection with grain boundaries.
It may be possible to determine the location
of the grain boundaries by visualization of
the effect of anisotropy of mechanical prop-
erties. Indeed, the intensity of light re-
flected from the "pile-up” must depend on
the crystallographic orientation of the
scratch plane and the direction of the
scratching, and should change in the places
where the scratch intersects the grain
boundaries.

Experimental confirmation of the possi-
bility of this effect using is shown in
Fig. 5. The figure presents the image of the
same grooves as in Fig. 1, but obtained with
help of additional oblique illumination of
the sample surface at the angle of ~ 10°. It
can be seen that the white strip emerges in
one of the grains on the edge of the black
strip which is the closest to the additional
source of oblique light. This white stripe
practically disappears at transition to adja-
cent grain. Fig. 6 and Fig. 7 show the effect
of the grain boundaries and twin boundaries
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Fig. 6. Polycrystalline aluminum with identi-
fied grain boundaries after scratching the in-
vestigated polished surface by Vickers dia-

mond pyramid indenter and additional
oblique illumination. The scratches were ap-
plied with a normal load of 10 g with the
distance between the scratches of 100 pm.
Additional oblique illumination of the sample
surface was applied at the angle of ~ 10°.

detection in the polycrystalline aluminum
and copper after applying scratches on a
polished surface using the method of
sclerometry and under illumination of the
sample surface by the light beam directed in
a small angle to the surface and normally to
the direction of the scratches applied.

4. Conclusions

In the study it was experimentally devel-
oped the new approach to the grain bounda-
ries and twin boundaries detection in the
aluminum and copper polycrystalline sam-
ples using scratching their polished surfaces
and illumination of the samples surface by
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Fig. 7. Polycrystalline copper with identified
twin boundaries after scratching the investi-
gated polished surface by Vickers diamond
pyramid indenter and additional oblique illu-
mination. The scratches were applied with a
normal load of 15 g with the distance be-
tween the scratches of 100 pm. Additional
oblique illumination of the sample surface
was applied at the angle of ~ 10°.

the light beam directed toward a small
angle to the surface and perpendicularly to
the direction of the applied scratches. Dif-
ferences in the configurations of the "pile-
ups” formed by the extruded material and
observed in the different grains or in the
one grain but in different directions of
scratching, are determined by the anisot-
ropy of mechanical properties of the crystal-
line sample. Visualization of the effect of
anisotropy of mechanical properties allows
us to determine the location of the grain
boundaries and twin boundaries.
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HoBuit miaxia 10 BUABJIEHHS MeEX 3€pPeH
Yy pe3yiasTaTi HaHEeCeHHA MOAPANHUH
HA MOBEPXHIO MOJIKPHUCTAJIYHOTO 3pa3Ka

€.10.Badian, A.I''Tonkonpad, O.B.lllexoéyos,
P.B.lllypinoe, J.B.[Ji6oposa

ExcnepuMeHTaIbHO OTPUMaHO HOBUII cmoci® BUSABJIEHHS MeK 3€peH Yy MOJiIKPUCTATIUHUX
spaskax. Iligxim peasisyeTbcss B3aBAAKM HaHECeHHIO Ha II0JIipOBaHY IOBEPXHIO IOAPANIMNH
MeTONOM CKJepoMeTpil #I OCBiT/JIeHHA ITOBepPXHi 3pasKa IIyYKOM CBiTJa, AKUHM HaIpaBJIeHUH
mif MaJuM KyTOM o Hel NepneHJUKYJAPHO HANPAMKY HaHECEHHS MOAPANUH. 3alIpOIOHOBA-
HUN OiAXiy HPYHTYeThCA HA aHi30TPOIil MeXaHIYHWX BJIACTHUBOCTeHl KPHUCTAJIIYHOTO 3pasKa.
Bceranosieno, mo mpodinbk mMaTepiany 3paska, BUTHMCHEHOI'O Ha IIOBEPXHIO 3epHa IIPU HaHe-
CeHHi MOAPANNHU, BAJEKUTH Biy Kpuctajorpadiunoi opienrarii sepHa. 300pasKeHHS B OII-
TUYHOMY MiKpockomi mpodisio Marepiansy B 00JacTi HOAPANMHU IIPU KOCOMY OCBiTJIeHHI
TOBEPXHi 3pasKa PiBKO BMIiHIOETHCA IIPU IIePeTUHAHHA MeXK 3epeH i I1d 8MiHa J03BOJIIE TOUHO
BUBHAUYUTHU TIOJIOYKEHHSA MeKi 3epeH.
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