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The microhardness anisotropy of single crystals PbWO,, CdWO, and Gd,SiOg by the
method of sclerometry with the aim of determining possible character of destruction have
been studied during mechanical processing in the course of preparation of scintillators.

MeTo0M CKJIEPOMETPUM WCCJIeJ0BAHA AHU30TPONUS MHKPOTBEPIOCTH MOHOKDPYCTAJLIOB
PbWO, CdWO, u Gd,SiOg ans ompemeneHns BO3MOMKHOTO XapaKTepa DaspyIIeHHS IPH
MeXaHWYECKOM BO3[EeHCTBUU B IIPOIECCe M3TOTOBJIEHUS CIMHTUJLISATOPOB.

Single crystals of lead tungstate PbWO,
(PWO), cadmium tungstate CdWO, (CWO)
and gadolinium silicate (GSO) have recently
again attracted attention due to their broad
application in the high-energy physics and
spectrometry [1]. Further expansion of the
application field requires studies of me-
chanical properties of these materials. It is
known that growth of single crystals of
high mechanical strength and fabrication of
manufactured articles thereof is hindered
by their susceptibility to cleavages due to
anisotropy of their properties [2]. There-
fore, further studies of physico-mechanical
properties, in particular, anisotropy of mi-
crohardness and microstresses of these crys-
tals, are essential to know possible charac-
ter of destruction of these crystals under
deformation, which necessarily occurs dur-
ing mechanical processing of crystals in the
course of fabrication of scintillation ele-
ments. Data on anisotropy of these proper-
ties are important for evaluation of many
parameters of abrasive processing. Under
mechanical processing, these crystals be-
have as a rather brittle material, with
cleavage planes (001) for PWO, (010) for
CWO and (100) for GSO. In addition, PWO
crystals are easily cleaved along planes
(101) and (112) with expansion of fissures.
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Single crystals used in the present work
were grown by Czochralski method. It is
known [3] that PWO crystals have tetrago-
nal structure of scheelite type with spatial
symmetry group I4,/a with lattice parame-
ters a = 5.50 and ¢ = 12.12 A. The struc-
ture is based on a three-dimensional frame
formed by infinite zigzag-shaped chains of
Pb eight-vertex figures, which are con-
nected by side edges into spirals around
quaternary helical axes parallel to [001].
Between each pair of such chains, WO, tet-
rahedrons are located, which are not con-
nected with each other. Inside the tetrahe-
drons, the bonds are covalent, and the bond
between Pb and WO, is ionic.

Cadmium tungstate crystals have mono-
clinic structure of the wolframite type,
which can be considered as a distortion of
the scheelite structure spatial symmetry
group P2, P2/c with lattice parameters a =
5.02, b =5.85 and ¢ = 5.07.

Gadolinium silicate crystals have mono-
clinic structure with spatial symmetry
group P2;/c and grate (2—-3 times) anisot-
ropy [4] of thermal expansion coefficient to
[010] and [100], [001] directions. Micro-
hardness anisotropy studies were carried
out by the method of sclerometry [5, 6].
PWO samples were oriented along the plane
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Fig. 1. a) Microhardness sclerometry rosettes on (001) plane. b) view on (001) plane of PWO.
Alternation of cation and anion chains in direction OX. c¢) anisotropy of scratches on (001) plane at

P=0.2 N.
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Fig. 2. a) Microhardness sclerometry rosettes on (100) plane. b) microhardness sclerometry rosettes

on (112) plane.

(001), which is normal to the main crystal-
lographic axis and is a cleavage plane,
along the plane (100), and along the plane
(112), which is parallel to the growth axis
and is a cleavage plane in this crystal. CWO
samples were oriented along the cleavage
plane (010) and GSO samples were oriented
along the cleavage plane (100). The micro-
hardness was determined using a PMT-3
meter, with standard diamond tetrahedral
pyramid as an arrowhead. Scratches were
made by the rib of the pyramid in the radial
direction after every 10°. The speed of
scratching was constant; the load on the
indentor was 0.1-0.5 N, with measurement
errors not more than 5-10 %. From the
width of the scratch obtained, microhard-
ness was calculated, and sclerometric micro-
hardness diagrams were constructed.

In Fig. 1,a, a hardness rosette obtained
by scratching on the (001) side is shown.
Maximum hardness is found in directions
[110]. The maxima correspond to the direc-
tions of covalent bonds of the tungstate
group WO, (Fig. 1,b). In directions [110],
[110] large maximums are observed, and in
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directions [110], [110] — smaller ones. An-
isotropy of the microhardness rosette is
most possibly related to cleavage planes
(101) and (112), forming acute angles with
the plane under consideration. It is known
that in those directions where cleavage
planes are at acute angles to the indentor-
affected plane, the hardness values are higher
than in the opposite directions [7, 8]. The
force applied to the indentor is decomposed
into constituents. In the case when the
cleavage plane is at an acute angle to the
crystal side, the force P on the indentor is
decomposed into a bending constituent,
which is normal to the cleavage planes, and
a stretching constituent, which is parallel
to those [9]. This force ensures maximum
microhardness. If the angle is obtuse, the
constituent forces will be the bending force,
identical to that of the previous case, and a
compacting force directed downwards. The
latter, following the cleavage direction, fa-
vors formation of fissures and ensures
maximum microhardness (Fig. 1,c).

In Fig. 2,a one can see microhardness ro-
settes obtained on (100) side for samples
cut from the top (A) or bottom (B) parts of
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Fig. 3. a) CWO microhardness sclerometry rosettes on (010) plane: A — upper part of the crystal, B
— bottom part of the crystals, b) anisotropy of scratches on (010) plane at P = 0.2 N.
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Fig. 4. a) GSO microhardness sclerometry rosettes

the crystal. Maximums were observed with
scratching in direction [001], corresponding
to the intersection of the cleavage plane and
the studied plane, and in the perpendicular
direction [010]. The sclerometric hardness
rosette has clearly expressed anisotropy.
The microhardness anisotropy is related pri-
marily to the cleavage planes at an angle to
the given plane. The microhardness rosette
on plane (112) is of similar shape (Fig. 2,b).
A large maximum is observed in direction
[104], and a smaller one — [312]. The shape
of the microhardness rosette is determined
by W-0O bond chains coming onto the plane
under consideration. In the direction nor-
mal to the bond chains, the microhardness
is higher than along the chains, because,
with movement of the indentor, higher
number of bonds is severed in the first case
than in the movement along the chains.
Microhardness rosettes for samples from
the top (A) and bottom (B) part of the crys-
tal (Fig. 2,b) have a distinction: the top
part of the crystal has higher microhard-
ness anisotropy, which is due to
stoichiometry violations at the beginning of
the growth process. During the growth
process of CWO crystals [2], the component
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R b)

on (100) plane, b) view on (100) plane of GSO.

WO; is evaporated more rapidly, leading to
increasing deviations from the stoichio-metry
and to changes in the ratio of covalent and
ionic bonds. To compensate for the volatile
component, the raw charge contained some
extra amount of WO3. In the crystal, content
of PbO was 49.1 %, WO3 — 50.9 %.

With growth of cadmium tungstate single
crystals, the most volatile component is
CdO. In sample A, CdO content is 35.4 %,
while in sample B it is 35.2 % . To maintain
stoichiometry all over the crystal length,
some amount of extra CdO is introduced,
which leads to certain deviations from
stoichiometry and increases the anisotropy
of mechanical characteristics (microhard-
ness, brittleness). In CWO crystals (Fig. 3),
as distinct from PWO, microhardness an-
isotropy is not so clearly expressed (Fig.
3,a). However, the material brittleness is
different in different directions (Fig. 3,c).

Fig. 4 shows the microhardness rosette
on the (100) cleavage plane of a GSO crys-
tal. In the (100) plane, Gd3* cations are
positioned layer by layer, localized in oxy-
gen polyhedrons of two types with 7 and 9
coordination and direction of their transla-
tion in the sliding reflection plane (010)
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along Z axis, i.e., the predominant GSO
growth direction limited by (001) side.
When a load to the crystal is applied nor-
mally to (100), plastic deformation occurs;
the sclerometric rosette has the shape of an

oval, with anisotropy in (010) direction.
In this work, we have specified the

structure of PWO, CWO, GSO crystals and
evaluated anisotropy of microstructure vio-
lations. The results obtained give a possibil-
ity to carry out mechanical treatment of the
crystals in the optimum way, accounting for
the crystal lattice defects, anisotropy of
chemical bonds, as well as for position of
the cleavage planes with respect to the di-
rection of force application during mechani-
cal treatment of the crystal. This work was
supported by project STCU-48(j).
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AHi3oTpomnmiga MexXaHIiYHMX BJIACTHBOCTEH OKCHIHHX
MOHOKPMCTAJIB JIJA HEOPraHIYHUX CIUHTHUJIATOPIB

1.I1.Bab6iiwyx, B.M.Baymep, B.I''bondap, B.B.I'punvos,
B.1.Kpueowein, JI.JI. Hazopna, €. M.ITupozoe, B./].Puixcurxoé

Meronom criepomerpii gocmimkeHo amisorpomiro mikporseppocti Momokpucramis PbWO,,
CdWO, u Gd,SiO5 pana BusHAUEHHA XapaKTepy PYHHYBaHHA KDUCTANIB DU MeXaHiYHOMY

BILIMBiI B IpoIleci BUTOTOBJIEHHS CIIUHTUJIATOPIB.
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