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Possible observation of a glassy ferroelectric: BigPby 3Sr,Ca,Cu, K .0,
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A glass sample of composition BPh, sSLCaCu, K, 2O, was prepared by the conventional quenched-melt
technique. The as-quenched sample has been confirmed to be amorphous by x-ray diffraction measurements.
The scanning electron microscopy shows no sign of crystalline grain precipitation. Differential thermal analy-
sis indicates a prominent endotherm at 530 K in addition to the glass transition at 607 K and crystallization at
717 K and melting at 1043 K. This extra endothermic peak could possibly be identified as due to a ferroelectric
to paraelectric phase transition. This possibility was explored by performing electrical measurements, which
include dielectric constant trace, polarization, and hysteresis loops measurements as a function of temperature.
It was also found that the transition is irreversible if the glass-transition temperature was reached.
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In recent papers, Zhang and Widbfrproposed a mean- ferroelectric ordering in glassy state that has not been real-
field theory that predicts ferroelectric phases in dipolar sysized experimentally might not be impossible.
tems that lacked any specific spatial correlations, provided Although theoretical and experimental studies have been
that the density of the particles was above a critical valueextended concerning the possibility of glassy ferroelectric, to
They considered an amorphous solid of dipolar hard spheregur knowledge a bulky melt quenched glassy ferroelectric
where the particles were free to rotate, but were frozen afhaterial was not made. Ferroelectricity reports on thin films,
random sites. Their prediction of ferroelectric phases in diPall milled nanocrystalline powder, heat-treated glass ce-
polar systems that lack any specific spatial correlations sug@mic, and sol gel can be fouric® . ,
gests that well-tuned short-range structure may not be neces- N @ number of recent systematic studi€s, glass sys-
sary for ferroelectric phase formation. However, applying!€mMs Of the main former BD; were considered and applied

molecular dynamics and Monte Carlo computer simulationd® Prepare melt quenched glasses as precursor to supercon-

predicted that it is possible to have ferroelectric states with—duc‘[Ing glass-ceramics.  Glasses  of ~ compositions

out fine-tuned positional correlatiofdt was predicted also Bi,Sr:CaCu,05 and BpPl, s5,C3,Cu50, doped with Na

that if a ferroelectric phase is to exist in a positionally ran-iz?gﬁyrgigynjgltggiﬁng dielectric properties, although with-
dom system, the long-range spatially independent correla- In the present work x-ray diffraction, scanning electron

tions arising through the reaction field must dominate th%icroscopy(SEM) and differential thermal analysi©TA)

short-range position sensitive correlations, which generall)(Nere applied to identify the glassy nature of the sample.

act to frustrate ferroelectric ord_er. _ Dielectric constante, polarizationP, and hysteresis loops
In an older study, ferroelectric glass concept was studletéE_ P) measurements were used to identify the electrical

with no objections found.A simple microscopic model was - properties of the sample as a function of frequency and tem-
set up, describing the possible occurrence of a ferroelectrigerature.

instability in an insulating glassy matrix. In studying dielec- A glass sample of the composition

tric soft glasses such as #81;,0,;, LiTaO;, and LiINbQ;,  Bi, gPh, sSKLCaCu, g0, was prepared by the quenched
different behavior on approaching the crystallization tem-melt technique from reagent grade,8i, PO, SrCQ;,
peratureT, is observed:® The first PhGe,0,, appears to be CaCQ, CuO, and KCO,. The batch was melted at 950 °C
paraelectric throughout and the dielectric constant risefor 30 min during which the melt was stirred to improving
monotonically with increasing temperature to exhibit a sharghe homogeneity. The melt was then poured and rapidly
cusp atT, . While LiTaO; has a similar response as a func- quenched between two copper plates; hammer and anvil.
tion of T except that the magnitude of the dielectric constantSheets of opaque black glass samg@$ mm thick were

is much larger and anomaly &j is observed and may peak obtained. Grounded powder of the as-quenched glass sample
below the crystallization instability. If so, this could indicate was examined by x-ray powder diffraction using Mg; ra-

the existence of a polar glassy phase. The Lillg@ss, on diation. Optical microscope of the polished surface of the
the other hand, exhibits a double peaked anomaly with exsample, as well as scanning electron microscopy, using a
tremely high values ¥ 10°) for the dielectric constant. This JOEL-JSM-5400 scanning microscope were used to examine
indicates not only a polar glassy phase but also a polar glasghe surface of the glass sample for possible crystallization.
phase transitiofi.The possibility that the lower-temperature ~ On the other hand, real’ and imaginarye” components
peak does indeed mark a ferroelectric Curie temperakyre of the dielectric constanté* =¢'+ j&"” measurements were
remains an intriguing possibility. However, the role of short- performed at the frequency range 0.12—-100 kHz, and in the
ranged spatial correlations on ferroelectric phase formation i,emperature range 300-700 K. Silver painted electrodes
still not well understood. Accordingly, the possibility of were pasted on the two faces of a polished sample. The di-
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g TABLE I. Important transition temperatures as obtained from
l" the DTA thermogram for the as quenched glass saniplds the

i Curie point, T is the glass transitiorT, is the crystallization, and
T, is the melting temperature, respectively.
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20 (Degree) Figure 1 shows the x-ray diffraction of the as-quenched
glass sample. It can be seen that there are only the broad
diffraction peaks characteristic of glassy structure. Similar
patterns were obtained for glasses of comparable
constituent$>12140On the other hand, a SEM micrograph is
shown in plate 1. It is seen that there is no crystalline pre-
cipitation. A similar result was observed on comparable
glass'®

The glassy state of the as-quenched sample was moni-
tored also by DTA. The sample was heated from room tem-
Flate1 perature up to 900 °C with a rate of 20°C/min. The DTA

S I : thermogram shows three different endothermic and one exo-

o thermic transitions. These where identified as a glass transi-
tion temperatureTg), melting temperatureT(,,), and an ex-
tra peak which is usually not observed with conventional
glasses. This endothermic peak is at a temperature lower than
T4 and is designated from the results of the present work as
due to a ferroelectric to paraelectric phase transifiios,
Curie’s pointT.). A fourth peak that is exothermic indicates
the crystallization temperaturg, of the glass. Table | sum-
marize the results of the DTA measurement shown in Fig.
2(a). The DTA thermogram indicate that the endothermic
peak afT .= 530+ 2 K, is due to a first-order phase transition
while the sample is still in its glassy state, whéfg<T,
<T,, as shown. Similar observation is familiar in the field
of ferromagnetic metallic glassés.

Usually a ferroelectric to paraelectric endothermic peak is
observed in DTA thermograms only after devitrifying the
amorphous samplés?|t was also evident that the ferroelec-

sample. using M., radiation. Plate 1: SEM micrograph of the tric behavior depends on the size of the precipitating crystal-

quenched glass sample. Plate 2: Representative hysteresis Ioopsh&?s following heat treatment, where the transition at the

the as-quenched glass sample at different temperatures indicated fH"€ temperaturd,; becomes increasingly diffuse and may
°C, up toT>T,. Applied frequency is 70 Hz and applied electric vanishes with decreasing the grain size within the nanometer

field is 1.5 kv/cm. scale®'819A comparable behavior is familiar in the field of
superparamagnetic materials.

Figure 2b) shows the variation of the dielectric constant
electric constant was obtained usingRLC) bridge; Stan- as a function of temperature at different applied frequencies.
ford Res. Model SR-720. The sample temperature was medt can be seen that there are mainly two different maximums
sured by achromal-alumal type K thermocouple which is  with dielectric constant ranging from 63L0% to 1.6x 10°.
placed as close as possible to the sample. Ferroelectric hyShe maximum at 5255 K is evidently an indication that the
teresis loops were observed using a Sawyer-Tower circuit sample is not only in a polar phase but actually it is in a polar
at temperatures up to 700 K and at a frequency of 70 Hz. Thglassy phase transition. While the maximum at 606 K coin-
same circuit was used as well for the measurement of theide with the inflection point of the DTA thermogram, Fig.
temperature dependence of the polarization over the ten®(a) indicating the glass transition temperature. This obser-
perature range 300—700 K. The polarization as a function o¥ation may be explained on the basis of the microscopic
electric field E-P) characteristic was measured at roommodel proposed by Glas al®

—
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Plate 2

FIG. 1. X-ray diffraction pattern of the as quenched glass
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The fact that DTA data shows an endothermic peak at thisified as due to the glass transitidiy (n=—8.4) indicating
same temperature could support the conclusion that our glags clear first-order transition. It is observed that the Curie
sample is actually ferroelectrically ordered below 525 K,constant is one order of magnitude higher than the corre-
namely, the Curie poinT.. It is also evident from Fig.®)  sponding values of crystalline materials, e.@C,=1.8
that the temperature position of this dielectric peak maxi-x 10°K for BaTiOs,2° this may be due to the glassy nature
mum is almost frequency independent, indicating that thergf our sample.
are insignificant relaxational effects. Figure 2d) shows the variation of the loss in terms of,

On the other hand, the dielectric constant data could bgan@zsﬁls,_ It is seen that the loss is of the same order of
treated according to the Curie-Weiss relation magnitude as observed usually in Bi-Cu glasses of compa-

rable compositions*'+?! While it increases considerably as

C 1) the glass transition temperatuig,, is approached. On the
' other hand as can be seen from the insert of Fid). the loss

is almost frequency independent at 434 K, indicating insig-
HereC=3.87x 10° K is the Curie constant arif,=470K is nificant relaxation effects.
the extrapolated intersection of the high-temperature part of Plate (2) shows representing examples of the hysteresis
the plot with the temperature axis as shown in Fi¢c)2 loops as a function of temperature. It is seen that the loops
However, to identify the order of this transition it is usually collapse as the temperature is increased up to the Curie point.
a general practice to find out the ratio of the slopes These loops prove the ferroelectricity nature of the present as
d(1/e)/JT below and abovd ., which is (h=—4.81), see quenched amorphous sample. It was also found that the tran-
Fig. 2(c). This value indicates according to the theory of sition is reversible if the glass transition temperatliggvas
Devonshiré® that the observed transition is of first-order not reached.
type in agreement with the above DTA results and is due to On the other hand Fig.(8 describe the behavior of po-
metastability at the transition. While if the same criteria islarization as a function of temperature according to the
applied to the second peak at about 607 K which was identelation*
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[P(T)/ P(RT)]*

according to Eq(2) of the as-quenched glass sample, showing the
intersecting Curie’s temperature with(RT)=0.23u.Clcn?. (b)

P(T) [T—T]*
(M) _{ } | @

PRT | T

where P(RT)=0.23uCl/cn? at room temperature, the
straight curve intersects with temperature axis at the Curie
temperaturel ., which is almost the same as obtained fol-
lowing the above techniques.

Figure 3b) however, shows the room temperature varia-
tion of the reduced polarization witR,,,,=0.26C/cn?, as
a function of the applied ac field at 70 Hz. It can be seen that
E (KV/m) as the field is increased the corresponding polarization in-
creases to saturate at much higher fields. A similar behavior
characterizes clamped ferroelectric materfals.
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1-°’W In conclusion it is evident that the as-quenched glass of
1 the chemical composition BiPh, :SrCaCu, K0, pre-
°'8'- pared by the melt-quenching technique possibly shows clear
0.6 ferroelectric properties. The Curie temperature at 530 K is
1 lower than the glass-transition temperature, iE<Tg,
°'4'. with no trace of crystallization. It was also found from the
0.2 - dielectric measurements that the transition
oo 1 ez, A (ferroelectrie~paraelectric) is reversible ifT, is not
T 0 4k ste | 8o 600 650 reached. T'hI.S indicates that the.ferroelectrlc ordering may
have an origin due to residual microstresses developed dur-
Temperature (K) ing quenching of the glass melt. However, ferroelectrics such

as ours may be explained by the presence of dipole inhomo-
FIG. 3. (a) Reduced polarization as a function of temperaturegenelty'. The mhomqgenelty_ 'S (_alther ascribed, first t.o the
composition fluctuation, which is almost macroscopic in

scale. Secondly to the fluctuation in chemical ordering,

Room temperature variation of the reduced polarizationW_hiCh is intermediate in Iepgth SC&'?- And thir(_jly to 9'5}55)’
[P(E)/P,al as a function of the applied ac field at 70 Hz, as dipolar frustration of the microscopi@erroelectric or anti-
obtained using the Sawyer and Tawer cirdi®ef. 15, with P,  ferroelectri¢ ordering of ions whose scale is of the order of

=0.26uClcnt. the glass network.
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