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The molten salt synthesis (MSS) of lead-based relaxors which have a perovskite structure,
A(BIBII)O3 where BI is Mg2#, Fe3#, Zn2#, Ni2# or Co2], and BII is Nb5#, has been reviewed
with regard to the formation of the perovskites, phase stability and morphology
characteristics. Two relaxor materials, Pb(Mg1/3Nb2/3)O3 and Pb(Fe1/2Nb1/2)O3 were found to be
successfully synthesized at a low temperature in a very short time by the MSS method.
Using the example of Pb(Mg1/3Nb2/3)O3, the phase stability has been discussed on the basis of
thermal and chemical analyses. The influences of the processing parameters, such as
temperature, time, type and amount of salt, and non-stoichiometry, on the formation and the
powder characteristics of the perovskite phase were investigated with possible explanations
for the observed differences which were induced by changing the parameters. Finally,
densification behaviour and dielectric properties resulting from the MSS powder were
examined and compared to those of powders obtained by using the conventional mixed
oxides (CMO) method.  1998 Kluwer Academic Publishers

1. Introduction
Several novel processing methods for ceramic
powder preparation have been introduced to over-
come the problems present in the conventional
methods. The molten salt synthesis (MSS) method is
one of the simplest methods for obtaining highly re-
active powders of a single phase at low temperatures
in a shorter soaking time, in which the molten salt is
used as a reaction aid [1—4]. Various electronic ceram-
ics, such as BaTiO

3
[5—9], Y

1
Ba

2
Cu

3
O

7`d [10],
Bi

4
Ti

3
O

12
[11], ferrites [12—15], Pb(ZrTi)O

3
[16] and

lead-based niobates [17—21] have been studied by
adjusting the MSS method using chlorides, sulphates
or carbonates. The powders obtained by the MSS
method have several unique characteristics compared
to those obtained by other methods such as the con-
ventional mixed oxides (CMO); coprecipitation and
sol—gel methods, which are determined mainly by the
chemical and crystallographic constraints given by the
salt [1, 19]. The features are more distinguishable in
the case of strongly anisotropic materials. It is be-
lieved that the features are related to the surface and
interface energies between the constituents and the
salt, resulting in a tendency to minimize the energies
by forming a specific morphology. The environments
during the development of the morphology can be
controlled by an appropriate choice of salt. Therefore,
the selection of salt is critical in obtaining desirable
powder characteristics. There are several requirements
for the selection of salt. First, the melting point of the
salt should be low and appropriate for the synthesis

of the required phase. In many cases, several eutectic
compositions have been used to reduce the melting
point of the salt. The salt should possess sufficient
aqueous solubility in order to eliminate the salt easily
by washing after synthesis. The stability of the salt
against any harmful interactions between the salt and
the constituents can be another factor [1—16].

The lead-based relaxors, Pb(Mg
1@3

Nb
2@3

)O
3

(PMN),
Pb(Fe

1@2
Nb

1@2
)O

3
(PFN), Pb(Zn

1@3
Nb

2@3
)O

3
(PZN),

Pb(Ni
1@3

Nb
2@3

)O
3

(PNN) and Pb-(Co
1@3

Nb
2@3

)O
3

(PCN) are very useful materials for applications of
capacitors, actuators and transducers. The relaxors
have a pseudocubic perovskite structure above the
paraelectirc—ferroelectric transition point, leading to
a very small anisotropic nature during particle growth
in the molten salt [16]. Fig. 1 shows the main process-
ing stages of the MSS method with increasing temper-
ature in the case of the lead-based relaxors. Oxides
corresponding to a lead-based compound are mixed
with one or two kinds of salt and then fired at a tem-
perature above the melting point of the salt to form
a flux of the salt composition. At this temperature, the
oxides are rearranged and then diffused rapidly in
a liquid state of the salt. With further heating, particles
of the perovskite phase are formed through the nu-
cleation and growth processes.

It is known that usually, the reaction mechanism of
a given phase in the MSS is little different from that of
the solid-state reaction, as long as the salt inter-
venes in the formation reaction of the required phase.
For example, in the case of PFN, different reaction
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Figure 1 Schematic illustration of the MSS process with increasing
temperature.

Figure 2 Flow chart and factors influencing the MSS method for
PMN synthesis using Li

2
SO

4
and Na

2
SO

4
.

TABLE I Effects of processing parameters in the MSS on reaction
rate and powder characteristics: (C ) predominantly dependent, (])
less dependent

Processing Reaction Particle Particle
parameters rate size shape

Temperature C C C

Time ] C C

Amount of salt ] C ]
Type of salt

Anion size ] C C

Solubility effect C C C

Difference in m.p. C ] ]
Ratio between salts! C ] ]
Excess PbO ] ] C

! When using two different salts.

mechanisms have been reported in the two methods,
MSS and CMO [20, 21]. These results are mainly
related to the different reaction routes affected by the
instability of salt, and the pyrochlore-type intermedi-
ate phases such Pb

3
Nb

4
O

13
, Pb

2
Nb

2
O

7
and

Pb
3
Nb

2
O

8
.

The experimental procedure for the MSS method is
shown in Fig. 2. Usually, oxides corresponding to the
lead-based relaxor composition are used as raw ma-
terials. The oxides are ball-mixed with salts which are
appropriate for a given material. The synthesis of the
perovskite phase can be conducted above the melting
point of the selected salt within a very short time. After
cooling, the salt is eliminated by washing with deionized
water. Through a careful drying step, unagglomerated
MSS powders can be obtained. It is noticeable that the
MSS procedure is very simple and cost-effective, com-
pared with the other chemical methods.

There are many experimental parameters in the
MSS, which influence the resulting powder character-
istics and the reaction kinetics. Table I summarizes
the processing parameters and their influences on the
reaction rates and morphology characteristics. Fig. 2
also shows the factors at each experimental step which
possibly influence the final powder characteristics.
The synthesis temperature and time are the usual
factors which lead to different results. Changes in the
amount and type of salt can induce a huge difference
in powder characteristics because they are responsible
for the reaction and growth environments. The anion
size of the salt, the solubilities of the constituents in the

salt and the melting point of the salt, as well as the
niobate composition and initial particle size can also
be considered as influencing factors. The effects of the
processing parameters on the reaction rate and par-
ticle morphology characteristics of the lead-based
materials are the main topics of this review. Mainly,
PMN will be used to explain the results according to
the parameter changes because it has proved to be
more stable in molten salts than the other relaxors.

2. Formation of the perovskite phase
The formation of the perovskite phase can take place
at much lower temperatures in the MSS than in the
CMO. For example, a temperature of 750 °C is needed
to form a pure PMN phase in sulphate MSS com-
pared with 1100 °C for CMO PMN. This can be
attributed mainly to the enhanced diffusivity of the
constituent oxides in the liquid state of the salt.

Table II shows the results of phase analysis in the
lead-based materials fired at 750 °C. The PMN and
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TABLE II Analysis of phases present in lead-based relaxors fired
at 750 °C for 1 h with variation in salt species

Compositions Salts! Perovskite Pyrochlore
phase (%) phase (%)

Pb(Mg
1@3

Nb
2@3

)O
3

KCl 73 27
NaCl—KCl 86 14
NaCl—LiCl 0 20"

Li
2
SO

4
—Na

2
SO

4
98 2

Pb(Fe
1@2

Nb
1@2

)O
3

NaCl—KCl 93 7
Li

2
SO

4
—Na

2
SO

4
91 9

Pb(Zn
1@3

Nb
2@3

)O
3

NaCl—KCl 9 91
Li

2
SO

4
—Na

2
SO

4
6 94

Pb(Ni
1@3

Nb
2@3

)O
3

NaCl—KCl 11 89
Li

2
SO

4
—Na

2
SO

4
21 79

Pb(Co
1@3

Nb
2@3

) O
3

NaCl—KCl 9 91
Li

2
SO

4
—Na

2
SO

4
8 92

! Ratios between two salts correspond to their eutectic composi-
tions.
"With unknown phases.

TABLE III Solubilities of PbO in various chloride and sulphate
salts

Solubility (mol g~1 salt) for 2 h

Salts 750 °C 800 °C 850 °C 900 °C

KCl 1.1]10~5 — 1.9]10~5 —
KCl—NaCl — 1.4]10~5 — 3.0]10~5

[3]
Li

2
SO~

4
3.2]10~4 — 4.7]10~4 —

Na
2
SO

4

Figure 3 Variations in perovskite phase as a function of calcination
temperature for powders prepared by MSS using (a) Li

2
SO

4
—

Na
2
SO

4
, (b) KCl, and by (c) CMO.

PFN phases were effectively synthesized at 750 °C by
the MSS. All compositions, except in the case of
NaCl—LiCl, were observed to consist of the perovskite
phase and the pyrochlore phase. The amount of per-
ovskite phase synthesized depends on each relaxor
composition, namely on the different cations in the
BI site of the A(BIBII)O

3
perovskite structure, such

as Mg2`, Fe3`, Zn2`, Ni2` and Co2`. The difference
in the content of the perovskite phase for each relaxor
could be attributed to the instability of the constitu-
ents in molten salts or their structural preference, i.e.
strong covalency of ZnO in PZN [23]. Accordingly,
PZN, PNN and PCN were not formed successfully by
using the MSS. It is known that the three relaxors,
PZN, PNN and PCN are difficult to form by a simple
solid-state reaction.

The formation rate was also influenced by the type
of salt as shown in Table II. In the case of PMN, the
chloride flux was less effective than the sulphate flux in
terms of perovskite phase formation. This is mainly
due to the different melting points for each salt
used. KCl, 0.5, NaCl—0.5 KCl and 0.635Li

2
SO

4
—

0.365Na
2
SO

4
have melting points of about 769, 650

and 594 °C, respectively. A high content (98%) of
PMN phase was obtained at 750 °C in the case of the
sulphate salts, which is below the melting point of
PbO. It is plausible that the conventional problem of
PbO evaporation can be reduced by using the MSS
method. Although NaCl—LiCl salts have a low melting
temperature of 600 °C, it is interesting to note that the
perovskite phase was not formed. Several unknown
phases were reported to be observed, possibly as
a consequence of the reactions between the hygro-
scopic LiCl and the constituent oxides [24].

Another factor which can affect the reaction rate is
the solubility of the oxides in the molten salt because
the perovskite phase is believed to be formed on the
surface of the slow-dissolving component by trans-
porting the fast-dissolving component [1, 3, 9]. In the
case of the lead-based relaxors, PbO is considered to
be the fast-dissolving component [1, 3]. Therefore,

the solubility of PbO in different salts can be used to
explain the different contents observed in the perov-
skite phase. Table III shows the solubilities of PbO in
different salts, indicating that the sulphates have
higher solubilities of PbO under the same conditions
than the chlorides. The higher solubility of PbO in the
sulphates could be another reason for the higher con-
tent of PMN as shown in Table II.

Fig. 3 shows the variations in the perovskite PMN
phase content with synthesis temperature according
to the processing methods. When compared with the
CMO method, the MSS utilizing sulphates or chloride
was more effective in promoting the reaction of the
PMN. Within a relatively narrow temperature range
of 650—800 °C, the perovskite formation was complete
in the case of the PMN—MSS due to the increased
diffusivities of the constituents in the flux. It is notice-
able that less than 80% perovskite phase was obtained
even at a higher temperature of 850 °C in the CMO
method. Above this temperature, the stoichiometry of
PMN cannot be retained due to the evaporation
of PbO.

Table IV shows the influence of other processing
parameters on the formation of the perovskite phase
in the case of the PMN using Li

2
SO

4
and Na

2
SO

4
salts. No considerable increase in the PMN content
was observed beyond 5min at 750 °C, indicating that
the formation reaction in the MSS is very fast. The
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TABLE IV Influence of processing parameters on the formation
of perovskite PMN phases at 750 °C using Li

2
SO

4
—Na

2
SO

4

Processing parameters Conditions Perovskite
phase (%)

Heating time at 750 °C 5min 97
60min 98

120min 98
600min 98

Molar ratio between 0.635—0.365 98
Li

2
SO

4
and Na

2
SO

4
0.27—0.71 91
0.14—0.86 55

Weight ratio of salts 0.5 98
to oxides, ¼ 1.0 98

2.0 98
3.0 97

Non-stoichiometric 5 mol% excess MgO 100
PMN 5 mol% excess PbO 99

Figure 4 Phase diagram of the Li
2
SO

4
and Na

2
SO

4
system [25].

Figure 5 DTA curves of PMN prepared by MSS using (a)
0.635Li

2
SO

4
—0.365Na

2
SO

4
and (b) 0.29Li

2
SO

4
—0.71Na

2
SO

4
.

completion of the reaction in a very short time is due
to the short diffusion distance and the high mobility of
species in the liquid state. Arendt et al. [16], in an
MSS study of PZT, reported that the mobilities
in the liquid state can increase to 1]10~5 to
1]10~8 cm2 s~1; instead of 1]10~18 cm2 s~1 in the
solid state. It should also be mentioned that the heat-
ing rate was not a significant factor in respect of the
perovskite phase content.

The melting point of the salts can be varied by
adjusting the different ratios of the two salts. For
example, the melting point of the salts can be changed
from 840 °C to 594 °C by increasing the molar ratio
of Li

2
SO

4
/Na

2
SO

4
from 0.14/0.86 to 0.635/0.365 as

shown in the phase diagram of the Li
2
SO

4
and

Na
2
SO

4
system (Fig. 4). The arrows in this figure

indicate several salt compositions cited in this
work. The different ratios influence the reaction rate
of the perovskite phase significantly, as shown in

Table IV. The eutectic composition of 0.635Li
2
SO

4
—

0.365NO
2
SO

4
is found to be most effective in forming

the PMN phase. The percentage of the perovskite
phase was influenced very little by changing the rela-
tive amount of the salt to the oxides. Less salt is more
advantageous experimentally because it is easier to
separate the synthesized powders from the salt after
cooling.

3. Phase stability in the molten salt
Phase stability is important in the MSS method be-
cause it affects the formation reaction and crystal
structure [3, 18, 21, 26]. Thermal and chemical ana-
lyses, as well as phase identification, are the main tools
used to investigate the stability of the perovskites in
the molten salt.

Fig. 5 shows an example of the DTA curves of the
PMN—MSS utilizing the two compositions of the sul-
phate salts. The arrows in this figure indicate the
peaks corresponding to the phase transitions between
the Li

2
SO

4
and Na

2
SO

4
salts. These peaks can be

matched very well with the phase boundaries of each
salt composition in the phase diagram of Fig. 4. This
observation suggests that there is no side reaction
between the salts and the constituent oxides, which
can result in harmful second phases. Yoon et al.
[18, 27] identified the phases present before washing,
by X-ray diffraction (XRD) analysis. They concluded
that there was no reaction product of the oxides and
the salts in the case of PMN synthesis using sulphates
or chlorides. In contrast, Chiu et al. [21] suggested
that PFN synthesis using NaCl—KCl could be im-
peded by a reaction involving PbCl

2
as an intermedi-

ate phase, resulting in a potassium-substituted lead
niobate compound. However, no experimental evid-
ence was given.

Chemical analysis of the synthesized powder was
performed using the atomic absorption (AA) and in-
ductively coupled plasma (ICP) techniques to check
the impurity levels originating from the salt used [1].
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TABLE V Amounts (wt%) of impurities determined by AA and
ICP analysis in the case of PMN using Li

2
SO

4
—Na

2
SO

4
with

variations in amount of salts

¼! Li Na SO2~
4

0.5 0.009 0.0290 0.038
3.0 0.011 0.0086 0.040

! Weight ratio of salts to oxides.

Figure 6 Scanning electron micrographs of PMN prepared at
750 °C for 10 min by MSS using 0.635Li

2
SO

4
—0.365Na

2
SO

4
, at a

heating rate of (a) 150 °Cmin~1 and (b) 5 °Cmin~1.

Table V gives the chemical analysis results with vari-
ations in weight ratio, ¼, of the salts to the oxides in
the case of PMN. Tiny amounts of the salt com-
ponents are found to remain after the washing step.
However, there was no tendency for the salt residues
to increase with increasing relative amount of the salt
to the oxides, ¼. The residues should be minimized
through a careful washing treatment because these can
degrade the dielectric properties and accelerate the
aging rate if the impurities are substituted into the
perovskite lattice in a considerable amount.

4. Morphological development and
characteristics in the MSS

Typical micrographs of the PMN powder prepared by
the sulphate MSS are shown in Fig. 6. An average
particle size of around 0.5lm with a relatively uniform
size distribution can be obtained with a hold temper-
ature of 750 °C and time of 10min by fast firing at a
heating rate of 150 °C min~1 (Fig. 6a). There were no
large agglomerates in this powder. When a normal
heating rate of 5 °C min~1 was used under the same
conditions, the powder exhibited a larger average
particle size, \1.5lm.

Isometric particles are found to exist in the sulphate
MSS as shown in Fig. 6. With a prolonged synthesis
time, faceting of the particles tended to occur in this
case [1]. In the case of chlorides, the faceting was not
found to be predominant even at a higher synthesis
temperature [1, 28]. The deformation of the PMN
crystallites was more extensive in the sulphate flux
than in the chloride flux. It should also be noted that
the particles obtained by the sulphate MSS were con-
siderably larger than those obtained by the chloride
MSS at the same amount of flux [1, 11]. The mor-
phological difference can be explained by considering
the crytallographic constraints given by the different
sizes of the anions of the two salts [11]. Because Cl~1

and SO~2
4

ions move freely in the flux, each anion can
influence the morphological development of the PMN
particles. It is suggested that the growth of the PMN
particles between the large sulphate ions progresses
more rapidly than between the smaller chloride ions.

Generally, the particle of constituent oxides is de-
veloped in molten salts by two processes, the forma-
tion process and the particle growth process [1, 22].
As mentioned above, the formation process depends
on the difference in dissolution rates between the reac-
ting oxides in the molten salt. Because PbO is the
fast-dissolving component in the lead-based niobates,
the solubility of PbO in the sulphate and chloride flux

should be considered in order to study the mor-
phological difference of the PMN crystallites in both
salts. With increasing temperature, the solubility of
PbO increased more in the sulphate flux than in the
chloride flux, as shown in Table III. The relatively
large solubility of PbO in the sulphate flux increases
the dissolution of PbO and then accelerates the forma-
tion reactions, resulting in changes in size and shape of
the PMN particles [1]. Consequently, the PMN crys-
tallites grown in the sulphate salts showed a larger
particle size and somewhat faceted growth planes due
to the larger solubility of PbO in the sulphate salts
and the interaction between the cations of the oxides
and the large sulphate anions.

The higher solubility in the case of the sulphates can
also be responsible for the occurrence of extremely
small particles attached to larger particles, which was
found predominantly when a higher temperature or
a larger amount of sulphate salts was applied [1, 19].
The particles were considered to be a perovskite phase
[1]. The observed small particles suggest that there is
another mechanism for perovskite formation in the
MSS process; the dissolution—precipitation mecha-
nism. The nuclei of the perovskite phase can be pre-
cipitated during cooling from the supersaturated
constituents which were dissolved in the molten salt.
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Figure 7 Plots of 2 lnD (particle size) versus 1/¹ for (a) ¼"2.0 and
(b) ¼"0.5 powders.

Figure 8 Shrinkage variations with time at a sintering temperature
of 1000 °C by (a) CMO, (b) ¼"0.5 and (c) ¼"3.0 by MSS,
using 0.635Li

2
SO

4
—0.365Na

2
SO

4
.

This phenomenon is believed to depend on the heating
condition and the choice of salt.

There are many other factors which influence the
morphological characteristics of the PMN phase as
indicated in Table I. The particle size of the perovskite
phase can be determined by changing the temperature,
time and relative amount of salt. Interestingly, the
PMN crystallite size was found to increase with in-
creasing relative salt content, ¼ [17]. These observa-
tions can be explained as being due to the increase
in the solubility of PbO and in the space for particle
growth, resulting from separating the reacting par-
ticles. The particle growth behaviour with temper-
ature for the different amounts of salt can be
represented by the following equation [29—32]

D2!D2
0
"k (t!t

0
) exp(!E/R¹ ) (1)

where D is the average particle size at time t, D
0

is the
initial particle size at initial time t

0
, k is the rate

constant, E is the activation energy for particle
growth, R is the gas constant, and ¹ is the firing
temperature. When the initial particle size, D

0
, is small

compared with the average particle size, D, at the time
t, the factor D2

0
can be neglected relative to D2. From

the plot of ln D2 versus 1/¹, the activation energy can
be calculated. Fig. 7 shows the plots drawn for the
PMN particles synthesized by changing the amount of
the salts, Li

2
SO

4
—Na

2
SO

4
. The slopes of the straight

lines indicate the activation energies for particle
growth. There was no big difference in activation
energy for two different amounts, ¼"0.5 and 2.0, of
the sulphates. The activation energy values of
22—24kcalmol~1 were obtained for the MSS powders.

The effect of non-stoichiometry on the powder mor-
phology was studied by adding excess PbO to PMN
in the synthesis using the sulphate flux [1]. A small
amount of excess PbO is needed to compensate for
PbO loss during sintering. On increasing the amount
of excess PbO from 1mol% to 10mol%, the particle
size of PMN tended to decrease slightly. Rounded
crystallites with no faceting were also observed with

the addition of excess PbO. This became more prom-
inent as the amount of excess PbO increased, indicat-
ing that excess PbO tended to dissolve preferably the
edges of the faceted PMN particles which were ob-
served without excess PbO [1]. Therefore, it is be-
lieved that the edges of the PMN particle are more
likely to form a smooth surface, resulting in a round
particle.

5. Densification and dielectric properties
of the MSS specimens

Densification behaviour has been studied for the lead-
based niobates obtained by the MSS [19, 21, 33].
Shrinkage variations at an initial sintering temper-
ature of 1000 °C can be a good indication of the
sinterability of the MSS powders, as shown in Fig. 8.
It is noticeable that the line of the MSS powder,
particularly in Fig. 8, is steeper than that of the CMO
powder (Fig. 8a). From the different slopes of each line
in this figure, it suggests that the sulphate MSS pow-
ders are more reactive than the CMO powders. The
observed higher shrinkage values over the time range
in the case of the CMO (Fig. 8a) can be attributed to
the poor powder characteristics and the low purity
of the perovskite phase [33]. Additionally, Fig. 8
shows the effect of the different particle sizes resulting
from the two different amounts, ¼"0.5 and 3.0, of
the sulphate salts. The average particle size was
changed from \1.5lm to \3.5lm by increasing the
salt amount from ¼"0.5 to ¼"3.0 at 750 °C for
2 h. The case (Fig. 8b) of ¼"0.5 is shown to be
more effective in enhancing densification at the low
temperature.

Several researchers have used the MSS method to
improve the resultant microstructure and dielectric
properties of lead-based relaxors [19, 33—38]. Gener-
ally, the dielectric properties of the relaxors depend
on the microstructural characteristics such as grain
size, grain-boundary character and pores. Therefore,
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TABLE VI Compositions and dielectric constant of the lead-based relaxors prepared by the MSS method using chlorides or sulphates

Compositions Synthesis Sintering Max. dielectric Reference
conditions conditions constant (1 kHz)

PMN Li
2
SO

4
—Na

2
SO

4
1200 °C/4 h 15 800 [34]

¼"0.5, 750 °C/2h
PMN Li

2
SO

4
—Na

2
SO

4
1200 °C/4 h 13 700 [34]

¼"3.0, 750 °C/2h
PMN Li

2
SO

4
—Na

2
SO

4
900 °C/4 h 15 000 [36]

with 3 mol% PbO ¼"0.5, 750 °C/2h
0.9PMN—0.1PT! KCl 1200 °C/3 h 25 000 [19]

¼"0.7, 900 °C/1h
0.9PMN—0.1PT NaCl—KCl 1100 °C/4 h 23 000 [37]
with 2 mol% ZnO ¼"0.5, 750 °C/1h
0.9PMN—0.1PT NaCl—KCl 1100 °C/4 h 23 500 [38]
with 0.25 wt% V

2
O

5
¼"0.5, 750 °C/1h

0.99PMN—0.01PMW" NaCl—KCl 1150 °C/4 h 9400 [39]
with 10 mol% MgO ¼"0.5, 700 °C/1h

! PbTiO
3
.

"Pb(Mn
2@3

W
1@3

)O
3
.

microstructural control with an appropriate choice
of additive can be critical in the applications. Better
powder characteristics, such as a relatively uniform
distribution of particle size and less particle agglomer-
ation, obtained by using the MSS method, are be-
lieved to contribute to the resultant dielectric
properties. Table VI summarizes the sintering condi-
tions and dielectric constant values of various lead-
based relaxors prepared with or without additives by
the MSS method. Most of the results in Table VI
demonstrate the good potential of the MSS method.
Promising dielectric constant values were obtained at
relatively low sintering temperatures in the MSS
method. Homogeneous incorporation of the additives
is expected in this method, as long as the additives are
stable in the salts used, leading to the optimized per-
formance of the additives even in relatively small
amounts.

6. Conclusion
The MSS method utilizing a eutectic composition of
0.635Li

2
SO

4
—0.365Na

2
SO

4
or 0.5NaCl—0.5KCl could

be used successfully to prepare PMN and PFN with-
out any detectable side products, as confirmed by
thermal and phase analyses. The formation of a high-
purity PMN phase occurred at a low temperature of
750 °C and was completed within a relatively narrow
temperature range, leading to a small average particle
size of \0.5lm with a controlled heating profile.
Other processing parameters, such as the heating
conditions, type and amount of salt, and non-
stoichiometry, were responsible for differences in the
content of the perovskite phase, the phase stability
and the particle morphology characteristics. The ob-
served different morphological characteristics accord-
ing to different synthesis conditions can be explained
possibly by the chemical and crystallographic con-
straints which were determined mainly by the molten
salt environments, and the solubilities of the consti-
tuent oxides in the molten salts. Promising dielectric
characteristics of the lead-based relaxors were be-
lieved to result from the better powder characteristics

induced by the MSS method. An understanding of the
influences of the parameters is needed to control pow-
der characteristics and to obtain a desirable result in
the MSS of lead-based relaxors.
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