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ELASTIC ANISOTROPY OF ALCALINE EARTHS
FLUORIDES WITH RARE EARTHS

FLUORIDES INGRZDIENTSY

KOLNIK. 8.? CAP. I.» MUSIL, C.» HEGEDUS, P..2 Zilina
SOBOLEYV, B. P..¥ Moscow

The paper deals with the experimental investigation of solid solutions of alkaline
carths fluorides with rare earths fluoride ingredients. The new method of elastic
anisotropy and second order elastic coefficients experimental investigation was de-
veloped to avoid the necessity of an exact crystallographic sample orientation. It was
applied to the investigation of a set of crystalline materials based on CaF, and BaF, -
at room temperature by means of the standard acoustic pulse-echo method at the
frequency of 11 MHz.

I INTRODUCTION

Elastic properties of CaF,, SrF, and BaF, crystals were investigated by many
authors at room temperature {11, (2], at very low [3] and at high temperatures {4],
[5]. Little attention, however, was devoted to the investigation of their aniso-
tropy. Recently, the development of the preparation of new materials derived of
alkaline earths fluorides by means of rare earths ingredients in a wide concentra-
tions range [6] has made the investigation of the whole system of the acoustic
properties of such new materials very actual in obtaining a survey of the
ingredients influence on the second-order elastic coefficients and the elastic
anisotropy quantities. The knowledge of such influences is decisive not only for
the solution of the technology problems of the preparation of these perspective
materials, but also for the estimation of the absorption coefficient of the surface
acoustic waves, which is significantly connected with elastic anisotropy [7].

-
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1. ELASTIC ANISOTROPY OF CUBIC CRYSTALS

Elastic anisotropy is mainly connected with different velocities of acoustj
waves of the same mode in various crystallographic directions. The anisotro ;
can be .o:mBoSJNoa by means of an elastic coefficients Cy matrix taking Hmw
properties of isotropic medium into account [8]. In connection with the s Bm
metry of the mentioned materials we shall describe in more detail cubic nJ\mM:m.

In the case of crystals with cubic symmetry the difference of ~o:m:=&=&

acoustic waves in the [110] and the [100] directions is directly connected with the
crystal anisotropy

_\h = _\2_8_ - N\E_c_
where

Cy+ 204 + ¢y
20
are the corresponding longitudinal waves velocities, ¢, the second-order elastic

Qoommo_.nsa and ¢ mass density. From the practical point of view it is more
convenient to characterize the crystal anisotropy as

N q_
\:H E_S_l.::c_.h Mmlv/\?.: =~ 2cy). H

mwB:mlw WE can use transversal modes velocities in significant propagation
directions

w\ﬂ::c_ = Y:_S_H S

20 [

where w\ﬁ m:.& w.\: are fast and slow transversal modes, Vi, g corresponds to
the polarization in the (1 10) plane and Vo 18 polarized normally to this plane.
In the [100] direction both modes have the same velocity Vo, = V;, = V. From
these expressions there follows another anisotropy pcm:::w

— 2 1
Ar= -\B:_s - -\w_:_e =—(cp—~c¢— 2¢y). 2
20
~.ﬁ Is seen that both quantities 4, and A7 have the same value. There exists a
m._mn_m.oma second-order elastic coefficients combination characterizing the elas-
tic anisotropy called anisotropy given by

Vﬁ:é =

(3)

Dy — ¢ — 264
which reaches the zero value for an isotropic medium. Parameters of another
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relative anisotropy are in many cases more convenient. The Zener para-
meter is given by [10]

2
p =i _ 20 )
-\wu_:e Cyy — €y
and the relative parameter
,
§= oo ®)
o) Cas

The measured anisotropy parameters enable us to calculate the second-order
elastic coefficients by means of relations following from (3), (4), and (5)

Ch H.Ih\wII.b Cag = E D q:”lmm!lwlb. (6)
2(1 — p) 21 - p) 2(1-p)

These relations are suitable for describing strongly anisotropic media. In quasi-
isotropic crystals they give very inaccurate results because of the D — 0 and the
p — 1 limits of both parameters. In such case the invariant quantity

I'=oVi+ Vi + Vh)=c; + 2¢, Q)
independent of the acoustic waves propagation direction in the cubic crystal is
very advantageous for the elastic coefficients investigation. After eliminating the
anisotropy D from (6) by applying (7) we obtain

¢ 1 _ pE—2 I (8)

Ch=—"—= Cyp = I ‘=

E42 E+2 2A6+2)

These relations allow us to calculate exactly elastic coefficients values up to the
1sotropic state.

The presented formulae (8) are very useful for the elastic coefficients inves-
tigation in the case of mixture crystals with low concentrated rare earths
ingredients. It will be seen that the elastic coefficients ¢,, and C4 are quasi
independent on the ingredients concentration. Only the coefficient ¢, is signifi-
cantly influenced by their presence. Under the mentioned assumption and the
first-order ¢, approximation the relations (4) and (5) can be expressed due to an
invariant (7) relative variation

Tﬁ:éo +J’°~°VL )

un ET +2g +2) NIML (10)
0
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where &, po, I, are the values of the pure crystal and Epod correspond to the
mixture crystal. In the case of a well-known pure crystal parameters only the
invariant / measurement 1S necessary to the elastic anisotropy investigation.
From the experimental point of view there is no need of the accurate crys-

The obtained relative anisotropy parameters (9) and (10) allow ys to calculate
the second-order elastic coefficients of the mixture crystals by means of the
relations (8).

11 ELASTIC PROPERTIES OF CaF,, SrF, and BaF, CRYSTALS

The elastic properties of alkaline earths fluoride crystals with cubic symmetry
as CaF,, SrF, and BaF, have been investigated by many authors at very low [1],
[2], [3] and high temperatures [4], [5], [6] up to 1500 K. The results of these

publications have been completed with our measurements in the room tem-

temperature. The pointed curves follow the lower temperatures behaviour,
whereas the thin curves correspond to the expected actual dependence near the

of the coefficient ¢y occurs near the transition to the liquid state. In the case of
CaF, the difference between the A nad A’ points (Fig. 1.) is Ac,, ~ 65 GPa, in
the case of SrF, it is Acy, ~ 25GPa between the B and B’ points and in the case
of BaF, it is Ac,, ~ 18 GPa between points the C and ¢’ The coefficient ¢,,
reaches zero values in all cases and ¢, is quasi constant. Such elastic properties
are in accordance with the mechanism of interatomic forces, Another
conclusion following from the plotted dependences is connected with the suc-
cessive decrease of the second-order elastic coeficients in a wide temperature
range up to 1500 K due to the interchange of Ca?*, Sr2* and Ba* cations in
these isostructural crystals. We expect a similar behaviour above the tem-
perature of 1 500K up to melting points. The most expressive change occurs in
the case of the ¢,, coefficient, whereas both ¢12 and ¢, change only slightly. It
means that the changes caused by isovalent cation intercha nges influence signifi-
cantly only the ¢,, elastic coefficient.

The elastic coefficient changes are connected with different cation diameters.
Their values are given by (12] as 2.28 x 10~"m (Ca’*), 2.54 x 10~°m (8r'*)
and 3.00 x 107"*m (Ba2*) for the fluoride compositions. It follows from Fig. 1.
that the increasing of the cation diameter in the system of alkaline earths
fluorides leads to the decrease of all second-order elastic coefficients. If we take
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the Vegard rule [13] into account according to which the isovalent cations can
substitute one another without changing the crystal structure, mainly in the case
of not very different cation diameters, it follows that the crystals with arbitrary
elastic coefficients limited in the whole range by the plots in Fig. 1. should be
obtained due to successive cation exchange.

The temperature dependences of the anisotropy parameters D, pand £ are
plotted in Fig. 2., Fig. 3. and Fig. 4. for all the discussed alkaline earths
fluorides. The corresponding values of the parameters have been calculated from
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the second-order elastic coefficients given in Fig. 1. from low temperatures y

to 1 500K and extrapolated up to melting points to the values of the mmo:ovmm
liquid state. The most pronounced anisotropy is that of the CaF, crystal. The
crystal of BaF,, on the other hand, presents quasi isotropic Eo.ﬁmanm in aj]
investigated parameters in a wide temperature region of the solid phase. |t is
remarkable that the Zener parameter p has values near unity from very low
temperatures up to room temperature and the anisotropy D crosses the zero
value in this range. The relative parameter & reaches the value of 3.6 in this
region of the cubic crystal “elastic isotropy”. We can see the parameters D and
p do not significantly change in the vicinity of the melting point in case of BaF,
whereas the CaF, crystal presents the most expresive change of both vmnmaﬁmn.m,
near the phase transition to the liquid state, Fig.3 and Fig. 4.

V. ELASTIC PROPERTIES OF MIXED CRYSTALS

We have shown that the BaF, crystal with its lowest elastic anisotropy is
typical of the system of alkaline earths fluorides. It connects with increasing
m:m,wo:on% due to the substitution of the Ba?* cation by those isovalent Sr?* and
Ca™* with smaller cation diameters. Another problem are elastic anisotropy
changes due to aliovalent cation substitution in the crystals of the CaF, struc-
ture. : R

In [6] phase diagrams of the systems MF, + xZF,, are dealt with where M
represents the alkaline earths (Bz. Srand Ca), Z the rare earths (La, Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu) and x is the concentration. We
can conclude from the results in [6] that the rare earths ingredients influence
mainly the ¢, elastic coefficient and so the invariant / of the thus created solid
m.o_cao:m. The coefficients ¢,, and C44 change only slightly in a wide concentra-
tion range owing to their preserving practically the type of the CaF, structure
up to ingredients concentrations of several tens of percent.

We have investigated many materials of the mentioned structure based on the
CaF, and the BaF, crystals at room temperature. The obtained results are in
Tab. 1 and Tab. 2. We have supposed the coefficients ¢, and ¢, to be quasi
independent of the ingredients concentration. It allowed us to evaluate the
anisotropy parameters and successively the elastic coefficients by means of the
relations (9) and (10). The parameters of pure CaF, and BaF, crystals were
measured on the samples with an accurate crystallographic orientation accord-
ing to the definitions (4), (5) and (7). The obtained values are in the first lines
of Tab. 1. and Tab. 2. In the case of the mixed crystals we have measured only
the invariant quantity (7) without the need of special crystallographic orienta-
tion.
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Table 1
Elastic properties of some solid solutions on the base of BaF. at room temperature
Sample 4 I z Cn
AP [10°kg.m™ [GPa] : P (GPa
BaF, 4.89 143.4 3.58 1.02 92.0
BaF, + 5% LaF, 497 145.0 3.64 0.99 93.6
BaF, + 10% LaF, 5.02 147.0 372 0.95 95.6
BaF, + 30% LaF, 5.33 164.0 4.39 0.72 112.7
BaF, + 5% CeF, 498 145.8 3.67 0.98 94.4
BaF, + 10% GdF, 5.1 182.4 5.10 0.58 131.1
Table 2
Elastic properties of some solid solutions on the base of CaF, at room temperature
o 1 = py

Sample [10°kg.m™ GPa 8 £ {GPa]
CaF, 318 231.8 4.87 0.56 164.2
CaF, + 2% YF, 322 2240 4.67 0.59 156.6
CaF, + 15% LaF, 3.69 200.6 395 0.75 1332
CaF, + 35% LaF, 4.13 205.8 4.11 0.71 138.4
CaF, + 20% NdF, 4.01 2253 4.69 0.60 157.9
CaF, + 35% NdF, 4.64 2144 4.36 0.65 147.0

The presented results have been obtained from the acoustic waves velocities
measurement by means of the standard pulse-echo method at a frequency of
11 MHz at room temperature on samples about | cm long.

We can see in Tab. 1 that the ingredients cause in the BaF, crystal an increase
of the invariant quantity I, which is connected with the increasing elastic
coefficient ¢, and the increasing crystal anisotropy. Solid solutions based on
CaF,, Tab. 2., are typical of their decrease of the invariant quantity / connected
with the decrease of ¢, and crystal anisotropy in confront with the pure CaF,
crystal.

V. CONCLUSION

The investigation of elastic anisotropy of crystalline materials gives us very
important information on their complex elastic properties. The most serious
difficulty consists in the necessity of an exact crystallographic sample orientation
connected with the anisotropy quantities definitions. We have developed an
effective method for the case of the investigation of a set of samples derived from
the same basic crystal by means of isovalent or aliovalent cations exchange,
typical with a very slight influence on the elastic coefficients ¢;» and ¢y and a
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significant variation of ¢n. We have proved in such a case that the anisotropy
quantities variations depend only on their relative variation of the invariant
quantity / independent of the acoustic wave propagation direction. This fact is
important from the €xperimental point of view, because it allowed us to accom-
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AHM3OTPOINUSA YIIPYIUX CBOMICTB HEJOYHOZEMEALHBIX
®TOPUCTBIX COEAMHEHUWI C PEAKO3EMERBHBIMU
PTOPUCTBIMU KOMNOHEHTAMMU

B pa6ote npusoasrcs PE3yNIbTaThl IKCHCPUMEHTANILHBIX HCCAEXOBANKE TBEPABIX PacTBOPOB
LLCIOYHO3EMETLHBIX PTOPUCTHIX COENUHEHHIE ¢ PEAKOIEMENBHEIMH PTOPUCTBIMH KOMIOHEHTAMMU.
Paspaborka nomoro merona IKCNEPUMEHTANBLHOIO HCCIIEA0BAHMSA AHU30TPONMH YNpYIrHUx CBORCTB
B TOYHON OpHEHTHpPOBKe kpucrannorpaguyeckoro obpasua. Metoa 6b1a ucnomn3osan s uc-
CACNOBAHUS COBOKYITHOCTH KPHCTAIMYCCKHX BELIECTB, ocHOBaHHLIX Ha CaF, u BaF,. n PH KOMHAT-
HOH TeMmepartype mnocpeacTsoM CTAHAAPTHOrO  AKYCTHYECKOro UMINYIbCHOTO  MeToaad ¢
OTP&XCHHBIM CHIHANOM TIpH HacToTe {1 MIy,
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