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X-ray structural analysis and X-ray spectral microanalysis have proved
a heterogeneous phase structure of piezoceramics based on MnO; doped solid
solutions Pb(Mg,/sNby/3)TiZrO;. According to the sintering conditions, the
ceramics contains, beside the perovskite phase, also the pyrochloric phase
(PbzNb,O) and phases in which the Mg, Mn and Ti elements are concentrated.
A lower PbO content in sintered samples leads to a greater inhomogeneity of
compostition, but also to a higher density of the sintered specimens. Relation-
ships are pointed out between the mutual distribution of the perovskite and
pyrochloric phases, apparent density and temperature and time stability of the
properties of the system in question.

INTRODUCTION

Most of the commercial piezoceramics are based on PbTiO;—PbZrO; solid
solutions. For the preparation of piezoceramic transducers with desired properties
it is possible to choose a solid solution composition within a wide range, or to dope
this solid solution with suitable admixtures, in particular oxides of transient
metals [1].

The possibilities for the preparation of new types of piezoceramics were further
expanded on the basis of the studies by Smolenskij [2] who has synthetized a series
of perovskite lead compounds, in which the tetravalent Ti** or Zr** ions are
substituted by couples of ions, of which one has its valency lower and the other
higher than four. In the formulas of these compounds, Pb (Me'gMe;P)Og, Me; is
a mono, bi or trivalent cation, Me; is a pentavalent or hexavalent cation. The stoi-
chiometric coefficients u and w comply with the condition of electroneutrality.
Compounds of this type form solid solutions with PbTiO; and PbZrOs.

Ouchi [3, 4] utilized the advantageous properties of solid solutions Pb(MgiNbg) O3
—PbTiO3;—PbZrO; for the preparation of new types of piezoceramics. By
doping the solid solutions in this system with manganese oxide he prepared piezo-
ceramictransducers with a high temperature and timeresonance frequency stability,
and high mechanical quality facter values. These transducers have found wide
application in electronics in the construction of frequency filters.

In contrast to the materials based on PbTiO; —PbZrO; solid solutions, for which
the real phase composition of sintered specimens was carefully studied in terms
of the sintering conditions [5, 6, 7], the phase composition of materials based on
the gystem Pb(Mg;/3Nb;3)TiZrO; has not so far been investigated in greater de-
tail. Ouchi [8] just states that synthesis of these materials from a mixture of
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oxides involves, as an intermediate stage, formation of the compound Pb,Nb,0,
having & pyrochloric structure. This compound arises at 600 to 650 °C and may
also be contained in sintered samples. The following reaction is probably taking
place during the preparation of materials from the given system:

szszO7 + PbO + MgO = Pb(l\igl/ng2/3)O3 (1)

The present work has the aim ta determine the phase composition in the sintered
samples of the very significant manganese oxide-doped system Pb(Mg;/3Nbz/3)O03—
—PbTiO3—PbZrO;. Another task was to establish the relationship between phase
composition and the conditions of sintering for this system. In addition to this,
the study deals with the relationship between phase composition and the attainable
densification of specimens on sintering firing. In connection with the phase compo-
sition established, the discussion presents a possible explanation for the improved
temperature and time stability of the materials in the system Pb(Mg;/3Nb;/3)05—
—PbTiO3—PbZrO; doped with manganese oxide.

EXPERIMENTAL

The properties of a material having the composition Pb(Mg1Nbz)oe.44Tio 44Zro.1203,
doped. suprastoichiometrically with 1.0 wt. 9% MnO, were studied. The com-
position of the material, which is suitable for the preparation of stable
piezoceramics, is indicated by point F in the phase diagram of the system
z mole %, Pb Mg,/3Nbz;3 Oz + ¥ mole %, PbTiO; + z mole %, PbZrO; [8] in Fig. 1.

Pb(Mg1/3 Nb2/3)0

1

=z 050 PbZr O

PbTiO3

Fig. 1. Phase diagram of the system Pb(Mg,;3Nb;/3)0;—PbTiO3—PbZrOs; T — tetragonal
phase, R — rhombohedral phase, PC — pseudocubic phase
(The composition studied is marked by point F).

The material was prepared by standard ceramic technology from a mixture of
Pb@®, MgO, Nb,Os, TiO; and ZrO, of stoichiometric composition and using the
addition of MnO, mentioned. The procedure of the preparation was described in
the authors’ previous papers [6, 7].
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The sintering at 1280 °C for the period of one hour was carried out at various
vapour pressures of PbO. This has been adjusted by means of compacts having
the composition PbTi;_,Zr,0; with excess ZrO,;, which had been added to the
sintering case. (In the system the pressure of PbO vapours decreases with increa-
sing Ti content.) In the instance that the pressure of PbO vapours in the sintering:
case was higher than the equilibral partial pressure of PbO above the sample,
the lead oxide diffused into the specimens being sintered, and vice versa. These:
changes in composition can be assessed from the changes in weight of the sintered
specimens. In this way it was possible to obtain samples with an increased,
a decreased or an unchanged their weight because of sintering.

The X-ray structural analysis was performed on powdered samples using the
Kristallflex 4 apparatus by Siemens with K radiation of the copper anticathode.
The mutual distributin of phases in sintered specimens was studied by X-ray
spectral microanalysis using the JXA-5A Jeol microanalyser. The method employed
in the X-ray analysis was described in the previous papers [6, 7].

RESULTS AND THEIR EVALUATION

The initial proportions of the mixture of oxides, PbO, MgO, Nb,Os, TiO
and ZrQ, corresponds to the stoichiometric composition of the solid solution
Pb(Mg1/5Nbs3)o.44Ti0.44210.1203. At high temperatures, during calcination and
sintering, a solid solution should be formed and the doping Mn ion should be
built up into its erystal lattice. The considerable variability of the valency of
manganese in its oxides at high temperatures was one of the reasons why the me-
chanism of its digsolution in solid solutions of perovskite lead compounds has not
been explicitly explained [9, 10]. Manganese may probably dissolve in these
golutions as Mn?+, Mn3+ and possibly also Mn*+, while the radii of these ions lead
o an assumption of the substitution of Ti** or Zr** by manganese ions. For the
implest case of PbTiO;, these substitutions can be expressed by equations, for

nstance
1

PbTiO; + z MnO + x PbO = Pby oTiMn;03,2:V, (2)
PbTiO; + # MnO, +  PbO = Pby,,TiMn;03,32 (3)

According to these equations, the doping addition of manganese oxides should
be compensated for by a PbO addition at the molar ratio of 1 : 1, otherwise the
solid solution would partially dissociate and a new phase would form. The material
being sintered, of course, may take the required amount of PbO from the atmo-
sphere of PbQ vapours which surrounds the specimen. When the required amount
of PbO has not been introduced directly into the reaction mixture and when ne-
glecting the changes in weight due to transition of MnO, to lower manganese oxides,
the dissolving of an addition of 1 wt. 9, MnO, should involve an increase in weight
of sintered specimens by 2.7 9, (in terms of their initial weight).

The possibilities for substitution of manganese ions in Pb{Mg,;3Nb,;3)0; are
still greater; however, it should likewise be assumed that the doping addition of
MnO; is compensated by lead oxide during dissolution.

As mentioned above the superstoichiometric addition of MnO, in the given
mixture of oxides was not compensated and its reactions at high temperatures
may be assumed to produce further phases. For this purpose, in the way des-
cribed in the experimental section, specimens were prepared in which sintering
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resulted in an increase in the weight (sample 2), a decrease in weight (sample 3)

and a specimen whose weight remained constant (sample 1).
Figs. 2a through 2f show the pattern of reflected electron intensity distribution
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Fig. 3. X-ray patterns of samples 1 (a), 3 (b) and X-ray pattern of the compound
szszO7 (C).
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from sample 1 and the distribution of X-ray fluorescence radiation distribution
(Mgxk,, Mng,, Tig,, Zrz,, Nbz,) over the same sample area. Since no change in
weight has taken place during the sintering of sample 1, it may be assumed that
the PbO content is equal to its content in the initial mixture.

The prevailing type of phase, which appears as a light-shaded area in Fig.
2a, containg Pb and may be assumed to be solid solution with the perovskite
gtructure. In addition to this the specimen comprises a phase which, according
to Figs. 2b, ¢, d, contains Mg, Mn and Ti, or Mg only (the particles at the left top
edge of the micrograph) and does not contain Nb nor Zr (Figs. 2e, 2f) and like-
wiese does not contain Pb, because the phase appears to be dark in micrograph 2a.
Similarly to Mg, Nb, Ti, Zr, the doping Mn i is also present in the prevailing perov-
skite phase.

The presence of Mg-containing grains indicates that according to equation (1)
the specimens studied should contain the compound Pb,Nb,0, with a pyrochloric
structure. Fig. 3a, ¢ shows a comparison of the X-ray patterns of sample 1 and
of the compound Pb,Np,07. The line of Pb,Nb,0O, of the highest intensity (222)
is situated at d = 3.0727. Although there is a certain indication of a line on the
X-ray pattern of sample 1 at this d value, the presence of Pb,Nb,0; cannot be
proved explicitly. The content of this compound is obviously under the sensitivity
limit of the X-ray structural analysis employed.

Figs. 4a, b, ¢ and d show the patterns of intensity distribution of electrons re-
flected from the surface of sample 2 characterized by an increase in weight by
2.0 9, due to sintering; the intensity distribution of X-ray fluorescence radiation
(Mgk,, Mng,, and Tig,) over this area is also shown. Fig. 4d allows to assume that
an increase in PbO content was responsible for a decrease in Ti content in the phase,
which with specimen 1 contains Mg, Mn and Ti. Manganese is concentrated in
some of the grains of this phase only. A considerable proportion of grains in this
phase are probably composed of magnesium oxide.

The increase in weight of sample 2 by 2.0 9, due to sintering is close to the
increase in weight required according to equations (2, 3) for the formation of the
solid solution and complete dissolution of manganese. Complete suppression of
the phase containing Mg, Mn and Ti would obviously require sintering at a high
pressure of PbO vapours which would diffuse into the specimens being sintered
in amounts greater to those contained in sample 2. The presence of grains containing
solely Mg in sample 2 then indicates that the reacting of MgO in the initial oxide
mixtures, according to equation (1), is the most difficult one and obviously re-
quires the highest temperatures.

According to equations (2), (3), an increase in the PbO content leads to a decrease
in the content of minority phases, but simultaneously has a negative effect on the
course of sintering, Whereas at sample 1 the apparent density ¢ = 7.65 g/em3,
at sample 2 this density reached only 7.21 g/ems3.

The maximui apparent density values have been achieved with samples from
which PbO had partially volatilized in the course of sintering, and which have lost:
their weight at sintering. However, in these instances the heterogeneous composi-
tion has also become markedly more distinct.

Fig. 3b shows the X-ray pattern of sample 3, whose weight decrea.sed by 3.19%,
by sintering (e = 7.73 g/em?). According to Fig. 3b, the sample contains the pyro-
chloric phase in & distinct concentration. As a result of PbO volatilization, there
increased the content of a phase in which Mg, Mn and Ti are concentrated, as
shown by Figs. ba, b, ¢, d and e.
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However, the Pb-containing phase shown in Fig.5a, b is not quite homogeneous.
Micrograph 5a shows the presence of light-shaded grains. The surroundings of
the grains are somewhat darker, thus containg Pb in lower concentrations. These
inhamogeneities are more distinctly shown in pattern 5f, taken at a greater contrast.
Two phases are therefore in fact involved. Fig. 6a indicates that the phase appea-
ring dark in the high contrast micrograph contains higher amounts of Ti and lower
amounts of Nb than the ,light-shaded‘ grains. A confrontation of the result
of X-ray analysis (Figs. 3b, ¢) indicates that these grains can be assumed to
be the perivskite phase. This phase is surrounded by the pyrochloric phase. Aceord-
ing to semiquantitative analysis, the doping Mn is present both in the perovskite
and in the pyrochloric phase. However, its content is about 1.5 times higher in
the former.

Notice:

A geometrical distortion results from high-contrast taking of X-ray spectral
microanalysis micrographs. According to Birks [11] the high contrast may result
in an apparent increase in the sizes of small specimen grains. For example, the
sizes of graing in Fig. bf are considerably distorted compared ta Fig. 5a. For this
reason the grain sizes in Figs. 5f, 6a, b cannot be regarded as actual.

The results of X-ray structural analysis and X-ray spectral microanalysis indi-
cate that the piezoceramics based on MnO,-doped solid solutions Pb(Mg;;3Nb,;3)
TiZrO; has a heterogeneous structure and generally contains three phases. In de-
pendence on PbQ content, the ceramics contains, apart from a perovskite phase,
also a pyrachloric phase congisting of the compound Pb;Nb,04, and an additional
phase, in which the elements Mg, Mn and Ti are concentrated. The last phase is
probably composed of magnesium oxide or compounds containing MgO, MnO,
and TiO,. The content of Mn and Ti in this phase increases when the total PbO
content is decreased.

A lower pressure of PbQ vapours on sintering and the resulting lower PbO con-
tent in sintered specimens leads to a greater inhomogeneity of composition; ho-
wever, the apparent density of the sintered specimens increases.

According to the phase diagram of the system PbO—Nb,05 [12] the melting
point of Pb,Nb,0, is at 1230 °C, that is within the sintering interval of these ma-
terials. It may therefore be assumed that the sintering proceeds in the presence
of the liquid phase of Pb,Nb,0O;, which assists in the attainment of a high apparent
density.

The X-ray spectral micrograms indicate that the pyrochloric phase, uniformly
surrounding the grains of the perivskite phase, can be regarded as an intergranular
phase. As assumed by Heywang [13] and by Okazaki [14], the presence of an inter-
granular phase in piezoceramics (ferroelectric) materials, which include the system
in question, has a profound effect on their properties. According to Heywang, the
spontaneous polarization of the individual grains of the perovskite phase is compen-
sated by charges trapped in the intergranular phase. As a result of this charge
compensation and the consequent stabilization of the existing state, the properties
of peizoceramics are then more stable in terms of both temperature and time {13,
14).

In view of the ideas expressed by Heywang and Okazaki, the siutable mutual
distribution of the peroskite and pyrochloric phases established in the present
study, and the differring contents of doping manganese in these phases are the cause
of the high temperature and time stability of the properties of these materials.
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CONCLUSION

The results of the present work have shown that piezoceramics based on MnO,—
doped solid solutions Pb(Mg;/3Nb;/3)03—PbTiO;—PbZrOz have a heterogeneous
structure. Sintered specimens may contain three phases: the majority perovskite
phase, the minority pyrochloric phase consisting of the compound Pb,Nb,0,
and an additional minority phase, in which the elements Mg, Mn and Ti are concen-
trated. The mutual ratio of these phases can be controlled by adjusting the pressure
of PbO vapours in the course of sintering. A lower pressure of PbO vapours on sin-
tering leads to an increased content of the minority phases and to an increase in
apparent density of the sintered specimens.

The sintering processes and the improved stability of properties of the solid
and an additional minority phase, in which the elements Mg, Mn and Ti are concen-
trated. The mutual ratio of these phases can be controlled by adjusting the pressure
of PbO vapours in the course of sintering. A lower pressure of PbO vapours on sin-
tering leads to an increased content of the minority phases and to an increase in
apparent density of the sintered specimens.

The sintering processes and the improved stability of properties of the solid
solution in terms of time and temperature can be considered to be most significantly
influenced by the mutual distribution of the perovskite and the pyrochloric phases.
Since the pyrochloric phase is regarded as an intergranular one which is in liquid
state at the sintering temperatures, it may be assumed to facilitate sintering and
promote attainment of a high apparent density of sintered specimens. It may also
be assumed that this advantageous distribution of the perovskite and pyrochloric
phases creates conditions for charge compensation of the spontaneous polarization
of the ferroelectric perovskite phase, and in this way, according to Heywang’s
and Okazaki’s ideas, it improves the time and temperature stability of properties
of the material being studied.
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FAZOVE SLOZENI PIEZOKERAMIKY NA BAZI PEVNYCH ROZTOKU
Pb(Mg,/3Nbys) TiZrO; DOTOVANE MANGANEM

Karel Nejezchleb, Miroslav Boudys
Vyzkumny vstav elektrotechnické keramiky, 500 64 Hradec Kralové

V praci je sledovano fézové sloZeni piezokeramiky na bazi pevnych roztoka Pb(Mn,;3Nb,;) O,
—PbTiO;—PbZrO; dotovanych MnQO,. Tato piezokeramika diky vysoké teplotni a Casové
stabilit® svych vlastnosti a vysokym hodnotdm ¢initele mechanické jakosti nalezla Siroké uplat-
néni v elektronice pifi konstrukei frekvenénich filtri. Metodou rtg. strukturni analyzy a rtg.
spektralni mikroanalyzy bylo zjisténo, Ze studovand piezokeramika mé heterogenni strukturu
& mize obsahovat tii faze: majoritni perovskitovou, minoritni pyrochlorovou tvoienou slou-
¢eninou PbyNb,04 a dalsi minoritni fazi, v niZ jsou koncentrovany prvky Mg, Mn a Ti (obr. 2, 3, 4).
Bylo ukazéno, Ze vzdjemny pomér téchto fazi je moino ovliddat tenzi par PbO pii slinovéni.
Nizsi tenze par PbO pii slinovéni se projevuje zvysenim obsahu minoritnich fazi (obr. 3). Zvyseni
obsahu pyrochlorové féze je spojeno se zvySenim objemové hmotnosti slinutych vzorka.

Pro vysvétleni slinovacich procesu a zvydeni ¢asové a teplotni stability vlastnosti studovaného
pevného roztoku se jevi jako nejzévaZn®jsi zjidténé vzdjemné rozlozeni perovskitové a pyrochlo-
rové faze. Snimky rtg. spektrilni mikroanalyzy ukézaly, Ze feroelektrickou perovskitovou fazi
rovnomérnd obklopuje fdze pyrochlorovd (obr. 5, 6), kterou tak muaZeme povazovat za fazi
integranulédrni. Vzhledem k tomu, Ze pyrochlorovs fize je pfi slinovacich teplotach v kapalném
stavu, je moino predpokladat, Ze pfitomnost minoritni pyrochlorové féze usnadiuje slinovéani
a umoznuje tak dosazeni vysoké objemové hmotnosti slinutych vzorku.

Zvyseni ¢asové a teplotni stability vlastnosti studovaného systému je spojeno rovnéz s existen-
ci intergranuldrni fdze. Sponténni polarizace jednotlivych zrn perovskitové faze je kompenzovana
néboji.zachycenymi v integranuldrni fizi; v dasledku této ndbojové kompenzace, a tedy v di-
sledku stabilizace existujiciho stavu, jsou pak vlastnosti piezokeramiky teplotné a éasové stabilni.

Obr. 1. Stavovy diagram systému Pb(Mg;;;Nby/3)05—PbTi03—FPbZr0s; T — tetragondlni faze
R — romboedrickd faze, PC — pseudokubickd faze. (Sledované slofent je vyznadeno bodem F).

Obr. 2. RozloZeni intenzity odraZenych elektrond od plochy vzorku 1 (a). Rozloleni intenzity rty.
JSluorescenéniho zdfeni Mgra (b); Mngy (¢); Tigg (d); Zrre(e); Nbr« (f) na plode vzorku 1.
(Zvétsent 600 X ).

Obr. 3. Rentgenogramy vzorkd 1 (a), 3 (b) a rentgenogram slouéeniny Pb;Nb,07 (c).

Obr. 4. RozloZeni intenzity odrafenych elektronsi od plochy vzorku 2 (a). Rozlofeni intenzity ritg.
Sluorescenéniho zdfeni Mgge (b); Mngy (¢); Tigg (d); na plode vzorku 2. (Zvétseno 600X%).

Obr. 5. RozloZent intenzity odraZenych elektroni od plochy vzorku 3; zvétéeno 300 X (a); zvétseno 600 X
(b). RozloZeni intenzity rtg. fluorescenéniho zdfeni Mgrs (¢), Mngy (d), Tigqe (€). Zvétsent
600 X . Rozlofent intenzity odraienych elektront od plochy vzorku 3 (f). Kontrastni zobrazeni.
Zvétient 300 <. '

Obr. 6. RozloZeni intenzity rtg. fluorescencniho zdfent Nbry (a), Tika (b) podél vyznadené pFimky.
(Zvétdeno 1200 X, kontrastni zobrazend).
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COCTAB ®A3 IHNESOREPAMUKUN HA BA3ELE
TBEPABIX PACTBOPOB Pb(Mg:/sNbz;)TiZrO;
C JOBABKOIl MAPIAHIIA

Kapea Heesxae6, Mupocaap Doygeim
Hayuno-uccaedocamesberuii uHCmMumym aeKmpomerHusccroll Kepamury,
900 64 I' padey- K paaoge

B paGore mccaeayerca (asoBplll cOCTaB INE30KepaMUKM Ha 0ase TBEPAEIX pPacTBOPOB
Pb(Mg1/3Nb2/3)0s — PbTiOs — PbZrOs ¢ jo0aBroii MnO,. [lamnas nmesoxepaMuxa Oua-
rojaps BBICOKOM TeMmepaTypHOU M BpPeMEHHOH CTOMKOCTH ¢BOHX CBOICTB ¥ BLICOKMM Beid-
YHHAM KOS(QHIKEATa MEXAHHYECKOTO KA4YCcTBA HAXOAHT LIMPOKOe IPUMEHEHHE B BIEKTPO-
HHKe IIPE KOHCTPYKIMM YAacTOTHEIX (UIALTpoB. C MOMOMIBIO PEHTreHOrpaguuecKoro CTpyK-
TYPHOIO aHAQJ1M3a H PEHTIeHOI'PafUYecKOro CMEKTPAaJdbHOI0 MAKpPOAaHAAM3a YCTAHOBHIIH,
YTO HUCCJIeyeMasa IINe30KePaMHKA HMCEET I'eTePOreHHYI0 CTPYKTYPY M MOMET COJepKaTh
TP (al’sl: MaKOPHTAPHYIO IEPOBCKUTOBYIO, MAHODHTHYIO HIHPOXJIOPOBYIO, COCTOAILYI H3
coeaunennii Pb,Nb,O; n Jameneilimyio MEHOPHTHYIO a3y, B KOTODOH KOHIEHTPH PYIOTCH
anementst Mg, Mn u Ti (puc. 2, 3, 4). Brio qoxasaHo, YTO B3aUMHEIM OTHONICHHEM JAHHBIX
a3 MOXHO yIpaBIATHL NPH DoMOIME AakieHusi mapos PbO mnpm cuexamnn. Boaee Hmskoe
JaBjeHKe NapoB PbQ npy cnexaHuM NPOABJIAeTCA NOBHIICHHEM COJEP/KaHNA MHHOPHTHBIX
¢as (puc. 3). Hosumenue cogepsKaHuA HHPOXIOPOBOH (a3hl CBA3AHO ¢ HOBHINIC HUEM 0OBeM-
HOTO Becd CHOKIMXCHA 00pa3moB.

J1a o0BACHeHMS NPONECCOB CIIEKAHMS H DOBHLINEHHA BPeMEHHOM H TeMIepaTrypHOR
YCTOMYHBOCTH CBOMCTB MC(JIELyeMOIr0 TBepJOro pacTBOpa OKa3kBaeTcss HaHOOZIee BaKHEIM
YCTaHOBJICHHOE B3aMMHOC paclipeflesleHHe NePOBCKHTOBOH B InpoxiaopoBoll $as. CoeMru
PEHTreHOBCKOrO CHEeRTPASILHOrO0 MMKPOAHAIH3a HOKA3KBAIOT, YTO (PepOITEKTPHYECCKYH)
NePOBCKHTOBYI0 ()a3y paBHOMEDHO OKpYMaeT HMHPOX;IopoBas ¢asa (puc. 5, 6), roropymo
TaxuM 00pasOM MOMKHO CUMTATh MHTeprpaHyaapHOil dasoil. B BuIy Toro, 9To mEpoxiopo-
Bag (aza NpH TeMIEPaTYpaxX COCKAHHA HAXOTHTCA B KHIKOM COCTOAHHUM, MOMKHO IIPERIO-
JaraTh, 4TO IPACYTCTBHE MUHODHTHOH IHPOXIOPOBOH A3kl MOMOIaeT CHCKAHHIO H TAKHM
00pa3oM MOKHO NOJyHaTh BHICOKMI 00BeMHnIH Bec CIEKIIHXcH 00pasmoB.

IloBritenne BpeMeBHOH U TeMIEPATYPHOI CTOHKOCTH CBOHCTB HCCIIEYyeMOMl CHCTEME
CBA3aHO TAIUKe ¢O CYIIecTBOBAHHCM MHTErPAHYIApHON (adnl — cHOHTaHHAA IOJIApPH3ALUA
OTJe/qbHBIX sepeH IepOBCKUTOBOH (Passl KOMHeHCHpYeTcsl 3apsiaMH, 3aJepKUBAEMLIMU
B MATEPTPanyJAPHOH ase; B pe3yabTaTe IPHBOINMOI KOMIEHCAIMII 3aPAIA, a cllefloBaTe T h-
HO CcTaOHMIM3aOUM CYHIECTBYIOMEro COCTOAHHA CTAHOBATCA CBOHCTBA NHC30KEPAMHKM IO
OTHOMERMIO K TeMmepaType M BpeMeHH CTOHKMMIL.

Puc. 1. Dasosan duaepamma cucmemvt Pb(Mg13Nb2/3)0;5 — PbTO; — PbZrOs; T — mempa-
2onanvran Pasa, R — pombosdpuueckan ¢asa, PC — ncesdorybuneckan pasa (Hc-
caedyemulii cocmag o6osnauen uepes F).

Pacnpedeacrue UHMEHCUSHOCIMU OMPANCEHHBIT SACKIMPOHOE OM NOgePIHocmu  06-

pasya 1 (a). Pacnpedeaenue unmencusnocrnu pengenoscroil gayopecyenyuu Mgry

(b);, Mng, (¢); Tix, (d); Zrry (e); Nbr, (f) na noseprrnocmu obpasya 1. Veeauuerue

600 pas.

Puc. 3. Penmeenoepammn o6pasyos I (a), 3 (b) u penmeenoepamma coedunerus PbaNbaOq'(c).

Puc. 4. Pacnpedeserue unmeHcUusSHOCIMU OMPAACERHBIL INEKMPOHOE OM. ROSEPTHOCMU 00 paA3ua
2 (a). Pacnpedenenue unmencueHocmi penmezenoscroli gayopecyenyuu Mgr, ();
Mng, (¢); Tigg (d); Ha noseprnocmu o6pasya 2. ¥eeauuenue 600 pas.

Puc. 5. Pacnpedeneriue UHMEHCUEHOCIMU OMPANCEHHbLE SACKMPOHO8 OM NOBEPELHOCMU 00 pa3-
ya 3; yseauuernue 300 pas (a); yeeaunenue 600 paz (b). Pacnpedeserue unmencusnocrnu
penmeenosckoli ayopecyenyuu Mgrq (c), Mg, (d), Tike. (¢). YVeeauuenue 600 paa.
Pacnpedeaerue unmencueHocm ompaneHHuT 3AEEKMPOHOE OM NOGEPLHOCMU 06paa-
ya 3 (f). Konmpacmnoe uzobpanerue. Yeeaunenue 300 pas.

Puc. 6. Pacnpedeaenue unmencushocmu penmzenosckoil gayopecyenyuu Nbr, (a), Tiz. (b}
6doab oboanavennoti npamoti. Yeeauuenue 1200 pas, konmpacmmuoe uzoGpaxcerue.

o

Puc. 2.
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Fig. 2. Intensity distribution of electrons reflected from an area of sample

» T

I_ (a).

T . e



K. Nejezchleb, M. Boudys:
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Fig. 6. Intensity distribution of X -ray fluorescence radiation Nbypx («), Tiga (b) along the
indicated line. (Magn. 1200 X , high-contrast exposure).
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