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The crystal growth of barium sodium niobate,
Ba;NaNbsO,5 (BNN), and its electrical properties have
been elaborately investigated because of the immense
importance in many technological applications such as
electro-optic, piezoelectric, and nonlinear optical de-
vices [1-6]. However, its application is limited due
to high cost and difficulty in fabrication. In contrast,
BNN ceramics are superior because they can be made
into larger and more complex parts. In order to fab-
ricate BNN ceramics with high density and uniform
microstructure, the preparation of BNN powders with
high sintering activity is important and therefore it is
necessary to understand the formation behavior of BNN
phase. In this work, conventional mixed oxides (CMO)
and molten salt synthesis (MSS) were chosen to syn-
thesize BNN powders. Phase assemblages during the
formation of BNN were investigated in detail.

High purity powders of BaCOj3, Na;COs, Nb,Os,
and NaCl were used as starting materials. BaCOs3,
Na;CO3, and Nby;Os according to the formula of
Ba;NaNbsO, 5 were first mixed in alcohol for 3 hr. Then
one part of the mixture was hand-ground with NaCI
in the weight ratio of 1:2 in ethanol. The dried pow-
ders with or without NaCI were placed in covered alu-
minum crucibles and calcined at 700-100 °C for 3 hr.
Afterward, the synthesized products were washed with
hot de-ionized water until no chloride ions were de-
tected. For comparison, BaCO3 and Nb,Os were mixed
according to the composition of BaNb,Og and then
NaClI was added, calcined, and washed according to
the above-mentioned process.

The phase analysis of the synthesized powders was
performed on a Guinier-Hidgg camera by means of
powder diffraction using Cu K, radiation as the ra-
diation source (A = 1.5405981 /D\) and silicon as the
internal standard. The negatives obtained were evalu-
ated with a computerized scanner system [7].

The XRD patterns of the synthesized products by
CMO at 700-1100°C for 3 hr are shown in Fig. 1.
The powder by CMO at 700 °C is composed of un-
reacted Nb,Os, BaCO3, newly-formed Na,Nb4O1; and
Na;NbgO;;. When the temperature increases to 800 °C,
Na;NbgO;,; increases owing to the further reaction
of Na)Nb;sO;; and Nb,Os. In addition, BasNb4O;5
phase occurs at the expense of BaCOsz and Nb;Os.
At 900 OC, Nb205, BaCO3, and Nang4011 disap-
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pear, while BaNb,Og, NaNbOs3, and Ba;NaNbsO5
form. Subsequently, Ba;NaNbsO,5 gradually increases
with the increase of calcination temperature, accom-
panied by the decrease of Na;NbgO,;, BaNb,Og, and
NaNbOs3. At last, single-phase Ba;NaNbsO;5 is ob-
tained at 1100 °C. The reaction processes of BaCOs3,
NaCO3; and Nb,Os in air can be described as follows:

Na,CO3 + 2Nb,Os5 <ECNasz4011 + CO;z 1

(D

NayNb,O;; + 2NbyOs =% “Na,NbgOs, )
5BaCO; + 2Nby0s =% “BasNb,0y5 + 5CO, 1
3)

15BaCO3 + 2Na;NbgO,;

S C3BasNb,Oy5 + 4NaNbO; + 15C0O, 1 (4)

200 1100" ) B a, NaNbs O s

+BaNb,Os  (5)

2000 B A, NaNbsOy5 (6)

Na2Nb8021 + BasNb4015

2BaNb206 + NaNbO3

As seen above, at low temperatures (<700°C),
Na,COj reacts with Nb,Os to form Na;Nb4O11, which
further reacts with Nb,Os to form Na;NbgO;; phase
at 600-800 °C. The newly synthesized Na;NbgO,; re-
acts with BaCOj3 to form BasNb4O;5 and NaNbO; at
900°C (reaction (4)), while the remnant Nb,Os also
reacts with BaCOs3 to form BasNb4O;5 at 800 °C. At
the same time, further reaction between the remain-
ing Nay;NbgO,; and BasNbysO;s results in the forma-
tion of BaNb,Og and Ba,NaNbsO;5 at 900 °C. This
newly developed BaNb,Og reacts with NaNbO3 from
reaction (4) to form Ba;NaNbsO;s at temperatures
above 1000 °C. Therefore, single phase BaNaNbsO5
is synthesized at 1100 °C. Huang investigated the for-
mation behavior of Srg4Bag¢Nb,Og and found that
BasNbsO;5 occurs at 700 °C [8]. However, in this in-
vestigation BasNbsO 5 begins to form at 800 °C dur-
ing the formation of Ba;NaNbsO;s, which probably
results from the preferred reaction between Nb,Os and
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Figure 1 XRD patterns of the synthesized products by CMO calcined
at 700-1100 °C for 3 hr.

Na,;COj3 to form niobium-rich phases Na;Nb4O; and
Nasz8021 .

The XRD patterns of the synthesized products by
MSS at 700-1100°C are shown in Fig. 2. The syn-
thesized product at 700 °C is composed of BaNb,Og
and NaNbOj. It shows that both BaNb,O¢ (formed
by the reaction of BaCO3 and Nb;Os) and NaNbO;
(formed by the reaction of Na,CO3; and Nb,Os) oc-
cur at 700 °C with the aid of NaCl, indicating the re-
action process in MSS is quite different from CMO.
Ba;NaNbsO;5 begins to form at 800 °C in MSS, which
is lower than for CMO. When BaNb,Og and NaNbO;
coexist in molten NaCl salt, two possible reactions can
occur. One is that BaNaNbsO5 directly develops from
newly synthesized BaNb,O4 and NaNbO3 according to
reaction (6). The other is that Na™ in NaCl substitutes
for Ba>* in BaNbOg to develop Ba,NaNbsO;5. How-
ever, it can be seen from Fig. 2 that with the develop-
ment of Ba;NaNbsO5, only BaNb,Og phase decreases
and disappears, while the content of NaNbO3 is almost
invariable from 800-1100°C. These results indicate
that the reaction between BaNb,Og and NaNbOj to
form Ba;NaNbsOq5 cannot occur in molten NaCl salt.
Therefore, Ba;NaNbsO;5 can only be developed by the
substitution of Na™ in NaCl for Ba** in BaNb,0g. To
verify the reaction, the reaction process of BaCO3; and
Nb,Os in molten NaCl salt was investigated.
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Figure 2 XRD patterns of the synthesized products by MSS calcined at
700-1100°C for 3 hr.
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Figure 3 XRD patterns of the synthesized products calcined at 700—
900 °C using BaCO3 and Nb,Os as starting materials in molten NaCl
salt.

Fig. 3 shows the phase assembly of powders calcined
at 700-900 °C using BaCOj3 and Nb,Os as starting ma-
terials in molten NaCl salt. It can be seen that BaNb,Og
phase forms at 700 °C with the disappearance of BaCO3
and Nb,Os. Single-phase Ba;NaNbsO;s is formed at
800 °C, which further proves that Na™ ions in NaCl re-
place Ba?* ions in BaNb,Og¢ to form Ba,NaNbsO;s.
Therefore, the reaction of BaCO3;, NaCO3, and Nb,Os
in NaCl salt can be described as follows:

BaCO; + Nb,Os 2% BaNb,Og + CO» 1 (7)

Na,CO3 + NbyOs “25€ 2NaNbO; + CO» 1 (8)

5BaNb,0g + 2NaCl 2% 2Ba,NaNbsO, s + BaCl,
9)

In conclusion, five intermediate phases, Na;NbsOy,
NEQNbgOQ] . NaNbO3, Ba5Nb4Ol5, and BaNb206, ocC-
cur in CMO using NaCO3, BaCOs3, and Nb,Os as start-
ing materials and single-phase Ba;NaNbsOjs can be
synthesized at 1100°C. In contrast, when the same
starting materials are calcined in molten NaCl salt,
only NaNbO3; and BaNb,Og occur. Unfortunately, the
final synthesized products consist of NaNbOs; and
Ba,;NaNbsO;5 due to the substitution of Nat in NaCl
for Ba?* in BaNb,Og. By choosing BaCO3 and Nb,O5
as starting materials, single-phase Ba;NalNbsO15 can be
successfully synthesized in molten NaCl salt at 800 °C
after 3 hr.

Acknowledgment

This research is supported by the National Natural
Science Foundation of China (grant no. 50202015 and
no. 50101004).

References

1.J. E. GEUSIC, H. L. LEVINSTEIN, J. J. RUBIN,
S. SINGH and L. G. VAN UITERT, Appl. Phys. Lett. 11
(1967) 69.

2. S. SINGH, D. A. DRAEGERT andJ. E. GEUSIC, Phys. Rev.
B: Cond. Matt. 2 (1970) 2709.



3. L. G. VAN UITERT,J. J. RUBIN and W. A. BONNER,
IEEE J. Quantum Electron. 4 (1968) 622.

4. K. S. RAO and K. H. YOON, J. Mater. Sci. 38(2003)
391.

5. E. A. GIESS,B. A. SCOTT,G. BURNS,D. F. 0’KANE
and A. SEGMULLER, J. Amer. Ceram. Soc. 52 (1969) 276.

6. J. RAVEZ andP. IIAGENMULLER, Mater. Res. Bull. 12 (1977)
769.

7. K. E. JOHANSSON,T. PALM andP. E. WERNER, J. Phys.
E: Sci. Instrum. 13 (1980) 1289.

8. Q. W. HUANG,P. L. WANG, Y. B. CHENG and D. S.
Y AN, Mater. Lett. 56 (2002) 915.

Received 26 November 2003
and accepted 29 January 2004

3447



