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Characterization of α↔β PbF2 phase transition

by several techniques
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X-ray Diffraction (XRD), Dynamic-Mechanical Analysis (DMA), Impedance Spectroscopy
(IS), and Scanning Electron Microscopy (SEM) have been used to the study of α→β phase
transition in PbF2 pellets pressed uniaxially in the 37 MPa–480 MPa range. A mixture of β
and α phases is detected and the α-phase content at room temperature is found to be
dependent on the applied load. The dilation results on DMA, the phase identification by
XRD, the ionic conductivity results by IS analysis and the SEM micrographs of β-PbF2

pellets show evidences for the increase in α-phase content at the expense of the β-phase.
SEM analysis provided further evidence for specimen sintering under heating at
approximately 498 K. C© 2000 Kluwer Academic Publishers

1. Introduction
Two crystalline phases are known to occur in PbF2
(lead fluoride): an orthorhombicα-phase with lat-
tice parametersa0= 3.899Å, b0= 6.442 Å and c0=
7.651Å having a specific mass of 8.445 g/cm3,
and a cubic fluoriteβ-phase with lattice parameter
a0= 5.940Å and 7.750 g/cm3 specific mass [1]. Lead
fluoride is a solid electrolyte that exhibits a variety of in-
teresting physical properties in both orthorhombic and
cubic phases [2–8]. Theα→β phase transition oc-
curs upon heating, with an endothermic variation in the
334◦C–344◦C temperature range. There is a volume
variation of 10%, leading to crack formation in PbF2
specimens heated at rates higher than 1 degree/min. At
room temperature theβ-phase is more stable than the
α-phase [3]. Theβ→α phase transformation can be
achieved at pressures higher than 400 MPa [1]. At room
temperature, the ionic conductivity of theβ-phase is
one order of magnitude higher than that of theα-phase.
The charge carriers responsible for the ionic conduction
are interstitial fluorine ions. Many studies have been
carried out in lead fluoride due to its relatively high
ionic conductivity (superionic conduction) at tempera-
tures above 437◦C.

Specimens with differentα/β ratio have been pre-
pared by uniaxially pressing lead fluoride powders
under different pressing loads to study theα→β

phase transformation by using several techniques:
X-ray Diffraction (XRD), Dynamic-Mechanical Anal-
ysis (DMA), Impedance Spectroscopy (IS), and Scan-
ning Electron Microscopy (SEM).

2. Experimental
Powders in the orthorhombic phase (α-PbF2) have been
prepared using p.a. grade reagents; powders in the cubic
phase (β-PbF2) have been prepared by heatingα-PbF2
at about 633 K, a temperature higher than its phase
transition temperature (607 K–617 K). The powders
have been pressed to 13 mm diameter pellets under
vacuum in a Perkin-Elmer die at different pressures (in
MPa): 37, 74, 148, 222, 297, 334, 371, 408 and 480.
Pellets pressed to 297 MPa have been analyzed before
and after annealing at 533 K, and after heating to 633 K
for β-PbF2 formation.

X-ray diffraction of specimens were measured using
a Philips (X’Pert MPD) diffractometer with CuKα ra-
diation operating at 40 kV and 50 mA. The diffraction
patterns were used to identify the structural phases of
the specimens.

Impedance spectroscopy measurements of bothα-
andβ-PbF2 were carried out in pellets prepared by uni-
axially pressing in the 37 to 480 MPa range. Measuring
cells of the Pt|x-PbF2| Pt type (x=α, β or α + β,
Pt= sputtered platinum) were set up inside a tubular
furnace. The electrical measurements were performed
in the 10 mHz–1 MHz frequency range with a 5 mV
signal amplitude at 298 K and 423 K in air with an
electrochemical impedance analyzer (Solartron 1255
with a EG&G PAR 283 potenciostat/galvanostat) con-
nected to a computer. The impedance spectroscopy data
were plotted as [−Z′′ × Z′] diagrams (Nyquist dia-
grams) and [log|Z|× log f ] (Bode diagrams).Z′′ and
Z′ stand for the imaginary and the real components of
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the electrical impedance, respectively;|Z| is the mod-
ulus of the impedance andf the frequency of the ap-
plied voltage signal. The total resistivity of the speci-
men is taken at the intercept of the impedance response
with the real axis in the low frequency region of the
impedance diagram [9].

For Dynamic-Mechanical Analysis, the sinusoidal
deflection of the specimens (after applying a sinusoidal
oscillating force) was measured as a function of temper-
ature with a model 242 Netzsch Dynamic-Mechanical
Analyzer operating in the following conditions: com-
pression mode at 5 Hz; 294 K–633 K temperature range;
1.0 K/min heating rate; 50 mL/min nitrogen flow rate.
Dynamic-mechanical analysis has already been used to
the study of polymeric and composite materials, mainly
to verify relationships between dynamical properties
and structural parameters, as for example the degree
of crystallinity and molecular orientation as a function
of environmental or external variables as temperature,
pressure, signal frequency, etc. [10].

The analysis of polished and fractured pellet surfaces
has been done in specimens thermally treated at tem-
peratures below and above theα→β transition temper-
ature, using a model XL30 Philips Scanning Electron
Microscope. Gold was applied to the pellet surfaces by
sputtering.

3. Results and discussion
Fig. 1a and b show XRD patterns of PbF2 as obtained
(α-phase) and after transition toβ-PbF2, respectively.

(a)

(b)

Figure 1 XRD patterns ofα-PbF2 (a) andβ-PbF2 (b).

Figure 2 XRD patterns ofβ-PbF2 pellets pressed at different loads:
74 MPa, 222 MPa, 297 MPa, 371 MPa, 408 MPa; pattern at the bottom:
α-PbF2 as prepared.

Figure 3 α-PbF2 phase content and electrical resistivity at 298 K as a
function of specific mass ofβ-PbF2 pellets pressed at different loads:
148 MPa, 222 MPa, 297 MPa, 334 MPa, 371 MPa, 408 MPa, 480 MPa
and∼500 MPa. XRD patterns of the (103) reflectionα-PbF2 are shown
as a function of the load.

Figure 4 Room temperature to 633 K Dynamic-Mechanical Analysis of
β-PbF2 pressed at 297 MPa.

These results are in good agreement with the JCPDS
data for these compounds. No impurities have been
detected.

Fig. 2 shows XRD patterns ofβ-PbF2 pellets after
pressing from 74 MPa to 408 MPa in the 2θ range
where the most prominent X-ray reflections occur. An
increase of theα-PbF2 content at the expense of theβ-
PbF2 phase is detected. Theα-PbF2 content in the lead
fluoride pellet is larger than that previously reported for
pellets prepared under higher pressures [3], but close
to the values reported for pellets obtained by pressing
at 400 MPa [2]. The XRD patterns of pellets prepared
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by pressing powders up to 400 MPa show a mixture of
bothα andβ phases.

Electrical measurements carried out in pellets
pressed under different loads allowed for the study

Figure 5 Bottom: Room temperature to 673 K Dynamic-Mechanical Analysis ofβ-PbF2 pressed at 297 MPa; Top: SEM micrographs of fractured
surfaces and room temperature XRD patterns of the as pressed pellet (a); after heating at 573 K (b); after heating to 633 K, cooling to room temperature
and further heating to 573 K.

of the α→β phase transition. An increase of ap-
proximately one order of magnitude is measured on
the total electrical resistivity of pellets prepared with
higher pressure. Fig. 3 shows the electrical resistivity,

3265



determined at 298 K as a function of the specific mass.
In the same figure, the relativeα-phase content, ex-
pressed by the area under the (103) reflection (the main
X-ray diffraction peak of that phase), is also plotted
as a function of the specific mass. Both the electrical
resistivity and theα-PbF2 phase content increase for
increasing specific mass. The results are in good agree-
ment with reported data [2].

In Fig. 4 results on Dynamic-Mechanical Analysis
(Young’s modulusE′—top figure, specimen dilation
δS—bottom figure) from room temperature up to the
phase transition temperature of aβ-PbF2 pellet pressed
at 297 MPa are shown. The following main features
can be drawn, specifically between 473 K and 633 K:
a contraction of approximately 10% of the sample vol-
ume in the 473 K–534 K range, due to recovering of
theα-PbF2 phase; a non-variation of the volume in the
534 K–604 K range and complete recovering of the
α-PbF2 phase; and finally, a large sample volume vari-
ation in the 604 K–633 K range, due to the onset of the
α→β phase transition. To our knowledge, this is the
first experimental evidence of phase transition in PbF2
by dynamic-mechanical analysis.

These results are best understood when the dilation
curves, the XRD patterns and the SEM micrographs are
observed altogether, as shown in Fig. 5.

The XRD pattern ofβ-PbF2 pellet after pressing at
297 MPa is shown in Fig. 5a. It presents aα + β mix-
ture of PbF2 (with about 10%α-phase) due to partial
transformation after pressing. The corresponding SEM
image of a fractured surface shows powder agglomer-

Figure 6 SEM micrographs of fractured surfaces and room temperature XRD patterns of the PbF2 pellet: after heating to 673 K, cooling to room
temperature and heating to 573 K (a); after pressing at 74 MPa and heating to 573 K (b).

ates and large interparticle pores. The analysis carried
out at room temperature after thermal treatment up to
533 K is shown in Fig. 5b. Sintering of the specimen
with pore shrinkage is evident in the SEM micrograph.
Afterwards, analysis by XRD and SEM are performed
at room temperature in a pellet cooled from 633 K, a
temperature above the phase transition. The results are
shown in Fig. 5c. The SEM micrograph shows that sin-
tering has already started. Moreover, theα-PbF2 con-
tent determined by X-ray diffraction increases and a
phase transition occurs at 533 K according to the DMA
dilation curve.

Samples prepared by heating up to 633 K (to promote
α→β phase transition) and cooled to room tempera-
ture were further heated to 573 K leading to densifica-
tion. XRD patterns did not showα-PbF2 phase in these
pellets as in Fig. 5b. In Fig. 6, SEM images and XRD
patterns ofβ-PbF2 pellets pressed at lower pressures
(37 MPa) and thermally treated at 573 K are shown.
The XRD patterns show lessα-phase than in not heated
samples.

The results on Fig. 6 seem to indicate a pressure-
induced increase inα-PbF2 phase content. A recon-
structive first-order transition during heating, involv-
ing a large number of crystalline defects, was reported
by Samara for PbF2 specimens pressed at 0.12 GPa,
and also at 280 K for increasing pressures [1]. The mi-
crographs in Fig. 6 show also pores on the fractured
surfaces. These defects seem to have been produced by
small crystals that grow on the surfaces, as shown in
Fig. 7a. The quantity of these crystals is found to be
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(a)

(b)

Figure 7 SEM micrographs of fractured surfaces of PbF2 pellet: pressed
at 74 MPa and heating to 533 K (a); after heating to 633 K the pellet
pressed at 297 MPa.

Figure 8 SEM micrograph of a fractured surface of PbF2 pellet pressed
at 74 MPa and heated to 533 K showing grains with oriented crystals.

proportional to theα-PbF2 phase content in the pellets.
After complete recovering of theβ-PbF2 phase, these
crystals are not detected, but the defects on theβ-PbF2
surface still remain as shown in Fig. 7b.

Fig. 8 a SEM image of a fractured specimen is shown.
Grains containing oriented crystals are clearly seen.

Figure 9 Impedance spectroscopy diagrams (Nyquist and Bode) of PbF2

pellets measured at 423 K: after pressing (a); after heating to a temper-
ature below theα→β phase transition (548 K) and cooling to 423 K
(b); and after heating to a temperature above theα→β phase transition
(633 K) and cooling to 423 K.

A detailed analysis of the impedance spectroscopy
has been carried out [11] and will be published else-
where [12]. Here will be reported some impedance
spectroscopy results about the influence of thermal vari-
ations, and consequent phase transitions, on the elec-
trical properties ofβ-PbF2.

Fig. 9 shows three impedance spectroscopy
(Nyquist) diagrams—and the corresponding Bode
diagrams—of PbF2 specimens after measurements at
423 K. These specimens, with 13 mm diameter and
1 mm thickness, were prepared by pressing the PbF2
powders at 297 MPa, achieving a density of 7.11 g/cm3.
They contain approximately 10% of the alpha phase
(Cf. Fig. 3). The values in Fig. 9a were taken just after
heating the specimen up to the temperature of measure-
ment, i.e., below theα→β phase transition tempera-
ture (613 K). Fig. 9b shows the impedance diagram of
the same specimen after heating up to 548 K—below
theα→β phase transition temperature—and cooling
down to 423 K. The electrical resistivity of the speci-
men increases due to an increase in theα-phase content.
The specimen is then heated up to 633 K, a temperature
higher than theα→β phase transition temperature and
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cooled down to 423 K. The results, indicating a decrease
in the electrical resistivity of the specimen as a result of
theβ-phase formation, are shown in Fig. 9c. Only the
β-phase is present, as shown in the X-ray diffraction
pattern of Fig. 5c.

4. Conclusions
Lead fluoride specimens prepared by pressing pow-
ders under different loads have been studied by X-ray
diffraction, dynamic-mechanical analysis, impedance
spectroscopy and scanning electron microscopy. All
results are explained on the basis of the alpha→ beta
phase transition, known to occur in this solid electrolyte
at approximately 613 K. The dynamic-mechanical anal-
ysis of PbF2, here reported for the first time, provides
further evidence of that phase transition. Moreover, sin-
tering of lead fluoride pressed pellets and formation of
crystals in their internal surfaces were detected by scan-
ning electron microscopy.
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