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Hydrothermal Synthesis of Sodium Niobate (NaNbO3) Powders
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Abstract: The hydrothermal synthesis of sodium niobate (NaNbO3) powders with orthorhombic struc-

ture using Nb2O5 and NaOH as raw materials, KOH as mineralizer, was investigated. The powders were

identified by X-ray powder diffraction (XRD) and the Fourier transform infrared (FTIR). The microstruc-

tural evolution and the particle size of the samples were examined by scanning electron microscope (SEM),

and the main chemical compositions of the powders were studied by EPMA. It is found that there is

super-structure existing in NaNbO3 powders by TEM and EDS analysis. The experimental results show

that the alkaline concentration and reaction time have influences on the crystal structure and morphology

of the resultant powders.

Key words sodium niobate; hydrothermal synthesis; powder; crystal

1 vs�
W (NaNbO3) E�l�.ZUm<`n�
�A2�H'��.C��a� 0◦C ��I2Gk��a [1]. o)+ Li ' K LA� NaNbO3 A2�.FH'�%�.����a�Fj��ÆF���{�
GK'.'��a^�|D��(|p [2,3]. �S NaNbO3 Q|E�� Nb2O5 � NaCO3osKC��`$Æ�SlG����EY1<:
2 ��?�	$z5N��rt�'`'*a�Y��``G����Krt
��XÆ�`e%�Q|��.�h�?��$*N;K�[n
�e�N�a��#aa�/ba'n��)���v�j`�FXFA2u4Eaa^�yrtQ|��`�e%GKÆ
.|D��( [4−9].T|�v1XÆ�` NaNbO3 Q|�qx �1)� Vousden[10] �B� Nb2O5 F NaOH ��iY/UQ
 2006–03–10, Y p./UQ
2006–06–22;DmO
 }9z

g)d (50572113); $�G
g3P ;�n�)d (05JC14079)�}>C
 � � (1976– ), d�7�pw4	 bqJgT
 �$L�XM	 E-mail: yxli@mail.sic.ac.cn



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

248 - , ? 0 f � 22 �pJ 20min �` NaNbO3. Kinomura �� [11] �
Na8[Nb6O19]·13H2O �:2� NaOH 	��6�(XÆ�e%. NaNbO3. Santos �� [12] ( Nb2O5�:	
*� NaOH���F 200◦C �`.�KZUm<� NaNbO3 Q|� �.:	C�9�5:	 NaOH� Nb2O5 R9)1O2�"P
F%R�qxi�v1XÆ�` NaNbO3 Q|�e%gÆ1	$�V5[��e�qxB.-1��.<}aa^CeO�
l/yj�rt�qx��1QJe%
S�a	$Q|���m$#SgÆ�O��'g	N� Nb2O5 � NaOH �:2��� KOH��6�F 200◦C �XÆ�`�.ZUm<`n�
NaNbO3 rtQ|�s; KOH�2K#a61C�9��gÆ�K1�`O2[�e~�m|`n�"P

2 Wt3�C( Nb2O5(q*� 99.5%) � NaOH(N5q) �:2� KOH(N5q) ���6����yX�C��6
N
*� 0.25mol/L � KOH � 0.75mol/L� NaOH  ���W��? ('[ZE 2.5mol/L�
NaOH ��), � 0.01mol � Nb2O5 �w<�.{ZT	8[\�ajWi�W��+E 100mL,���h*� 80%. ����<:	l��2K#a6Æ
(1){	8p (PVA); (2){	:p (PEG); (3)68�*�=*
�� (CTAB). �Q��N5q
XÆ�`'*� 200◦C, C�9�� 6∼12h. C��*��{��	Z��ki^X2�9��:�9�
Cl{m(��yX9� 3 w�C(/X	p9� 1w
���jÆQ|F 80◦C �^
{mC��KMF2 1.

C( Rigaku D/MAX 2200 X ,Hv,� (XRD)� NEXUS ��{r� (FTIR) 1Q|i^2K�`nN5�C( JSM-6700F  L�s (FESEM)� JEM-2100F P=,�,�s (TEM) yJ.Q|�`m[�1$t�( EPMA-8705QH2 �yoT
(EPMA) GJO2�s~�h�`

3 B26℄K
3.1 �N:o<&F94�7�fnM$zl2K#a6
P�|<bK^�F	$%�7Z
J<	$2K�B�xa	$��q�ff	(�.!1|<�)# [13]. 6�� [14] C(2K#a6 PEG n� SiC X=	$�PEG Ny&7ZF
SiC 	$2Kw��$�oM	( �H℄s| SiC	$C*�{�.�1[" SiC 	$�N�a
�Æ
m$�?�`m'�� NaNbO3 Q|�+EFC���i<��#+�:	�2K#a6Æ
PVA�PEG� CTAB, qxu1O2`ma^�"P
Æ 1 j?EJ{ 1∼4 	� XRD Ær�FK	�C�:2 (0.01mol Nb2O5 5 0.25mol/L KOH �
0.75mol/L NaOH ��) �C�'* (200◦C) �C�9� (12h) ��K��:<2K#a6�<�#a6jÆO2� XRD Ær:	
yÆ 1 i�[~Æ
��k�{m 2∼4 	�rS$bK\��)wB.�<�Æ�<6�{m 1 	'&���
{m 1	� XRD r1�� PDF �j� JCPDS 730803,m�EUÆ a=5.506Å, b=5.566Å, c=15.52Å; N4<�
0.5wt%� PVA �PEG�CTAB ��=G{m 2∼4	� XRD r5 JCPDS 820606 KU�K��m�EU[-�Æ a=5.569Å, b=7.79Å, c=5.518Å. S)l� 1 ZR'~� NaNbO3 ,_"*xa�

Table 1 Hydrothermal synthesis of NaNbO3 powder under different reaction conditions

Reaction
Sample No. KOH/mol·L−1 NaOH/mol·L−1 Nb2O5/mol Reaction time/h Additives

temperature/◦C

1 0.25 0.75 0.01 200 12 /

2 0.25 0.75 0.01 200 12 PVA, 0.5wt%

3 0.25 0.75 0.01 200 12 PEG, 0.5wt%

4 0.25 0.75 0.01 200 12 CTAB, 0.5wt%

5 / 2.5 0.01 200 12 PEG, 0.5wt%, stirred

6 0.25 0.75 0.01 200 12 PEG, 0.5wt%, stirred

7 0.25 0.75 0.01 200 6 CTAB, 0.2wt%
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 1 0.01mol Nb2O5 3 0.25mol/L KOH � 0.75mol/L

NaOH��E 200◦C?W
B� 12h �i
N1� XRD

Fig. 1 XRD patterns of powders obtained from hy-

drothermal synthesis at 200◦C for 12h in 0.25mol/L

KOH, 0.75mol/L NaOH and 0.01mol Nb2O5 solution

(1) Without organic addictive; (2) 0.5wt% PVA; (3) 0.5wt%

PEG; (4) 0.5wt% CTAB

NaNbO3 �^l&N0XSk:��E/H!_4/ NaNbO3 Oy�^k�b
^lM3,�" N�*� 2 � SEM Nh�wH	�}: 3 k8�

/H!_4�28:�
}:4h�yk�Y>8��kD&},TEyu�Y�k"a\vu3T�tg 1 �ykk",s c oER3T��A�T(��D 10µm �/� 2 �ykk"Ym�__K��U8�� 3 �ykk"YmtV2 1 �I[��T(^, 3∼4µm; 4 �ykk"Y>2 2 ��[��zb(O��
PVA
 PEG&C�V_I�w/H!_4�},T%^l���0V��V(Y��+(YZ�ULw"Re3�^��bARQS�RX!_4LwX℄��vQ"�M3Æ>#~W��;�^�Oy�>L� [15,16]. CTAB H�x�w/H!_4�DV��g�Y^ CH3–CH2–CH2–N ^l�RX,+(�DOy�"/H�6Y�&D=,A��`(�~�,k"��`3T��4:�/H!_4��"�d}I/,U,�*D�� 2 �ykgb3��k"C*0A�Vgy>���a(%%(�_G^�� 4 �yk�k"I/;68o�!�k"d}YU�C��A�7>�g- (6h).


 2 0.01mol Nb2O5 3 0.25mol/L KOH � 0.75mol/L NaOH ��E 200◦C ?W
B� 12h �i
N1� SEM Oi
Fig. 2 SEM photographs of powders obtained from hydrothermal synthesis at 200◦C for 12h in 0.25mol/L KOH,

0.75mol/L NaOH and 0.01mol Nb2O5 solution

(a) Without organic addictive (Sample 1); (b) 0.5wt% PVA (Sample 2); (c) 0.5wt% PEG (Sample 3); (d) 0.5wt% CTAB (Sample 4)
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250 - , ? 0 f � 22 ��E�A���g}: PVA � PEG 
 CTABR�k/H!_4/ NaNbO3 �k��b/kyY>M3,�"� N�RXgT%^l}:4�:�A4�
, NaNbO3 k"D c oER�3T
(c=15.52Å→ c=5.518Å), �4k�^l;3,��R
 XRD �^~C�_��� 3 C 1∼4 �yk� FTIR ��zp��D6T 3450cm−1 �/�6K�C OH− 
 H2O �/LU%R� 1635cm−1 /��C H2O Lw���U%R��\C
yih7�6Y�*VG^��


 3 0.01mol Nb2O5 3 0.25mol/L KOH � 0.75mol/L

NaOH ��E 200◦C W
B� 12h �i
N1� FTIR

Fig. 3 FTIR spectra of powders obtained from hy-

drothermal synthesis at 200◦C for 12h in 0.25mol/L

KOH, 0.75mol/L NaOH and 0.01mol Nb2O5 solution

(1) Without organic additives; (2) 0.5wt% PVA; (3) 0.5wt%

PEG; (4) 0.5wt% CTAB


 4 0.01mol Nb2O5 3 0.25mol/L KOH � 0.75mol/L

NaOH ��~; CTAB E 200◦C ?W
B�9�8?�i
N1� XRD 
�zl (4) B� 12h, zl (7) B�
6h

Fig. 4 XRD patterns of powers obtained from hydrother-

mal synthesis at 200◦C in 0.25mol/L KOH, 0.75mol/L

NaOH and 0.01mol Nb2O5 solution with CTAB for sam-

ple (4) 12h, sample (7) 6h

2930cm−1 �/C C–HU%R��\Cih&�
KBrkyg���f�v��2350cm−1C O=C=OA/℄/gU%R�Cyk6Y,Æxg� CO2�<r� 520∼840cm−1 m��6K�C Nb–O Gl^� NbO6 �Hy�tV��6K��RX��zpgiE�6K��#a(&�_�YMM0��LI��:�/H!_4;M0 NaNbO3 �k�^l;3X�,��
3.2 )wV=%Ej!yk� 4 C 7 �
 4 �yk� XRD ��{P(�P�A�7>D( 6h, XRDp�,�Y��/N PDF�h� 4 �CXSk:� NaNbO5(JCPDS 820606),

7 �C NaNbO5 
 K3NbO4, 
/!gLA��>L Nb2O5 8/�V��^�bg� Nb2O5 2 OH−q|,
>2kA��b [17]:

Nb2O5+2OH−=2NbO−

3 +H2O (1)

3Nb2O5+4OH−=Nb6O
4−
17 +2H2O (2)

3Nb2O5+2OH−=2Nb3O
−

8 +H2O (3)�E��~%(
7>�"�Nb2O5 
 OH− �P6(CA�g�tG�^�&:wgD%(�
200◦C A�7>� 12h ��I>�M0�>C�I� NaNbO3 ky�l 5�yk��RXyk�8/g
Nb2O5 
 OH− �P6(&C 1:8(5�yk�P6(C 1:10),�4_a(�A��g�Nb2O52 OH−A���= (1)g\�Y^ NbO−

3 . 7�yk�A�7>Y-�M0giE��fI K3NbO4ky�C*0>H�A�G^�� Nb2O5+6OH−=2NbO3−
4 +3H2O.*D��� KOH DA�g8ffv	��4��&�k2(*� Nb2O5 �,A�� K3NbO4 C*0A�7>-�A�8o��43^�g>�+M0�fvA�7>�rT� NbO3−

4 M8d2��g� OH− A�3^ Nb6O
8−
19 , k2��g� K+ %

Na+ �3^��a0V�7�ak [18], �4A�
12h �h�Oyg8B�, K. �u�|;M0C�I� NaNbO3 ky�A�7>+
|oT�� 7 �yk�,2I�*D/k�, EPMA ^LL4FI�� 5(a) C 7 �yk� SEM ��xg�
�	�ykg{DC�u
TEy(kY>�� 5(b) � EPMA �pL4/M�ykgl Nb �
Na 
 O 7^����,.(*� K. DN� 4 �
XRD L4
� 2 � SEM L4�� 5(a) Nh��TEyu�"C NaNbO3, C�u�"C!A��8/ Nb2O5, � K �*(�fxNhg,>g.UbC K3NbO4 ky��"�
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 5 0.01mol Nb2O5 3 0.25mol/L KOH � 0.75mol/L NaOH ��~; CTAB E 200◦C ?W
B� 6h �i
N1�
(a)SEM Oi� (b)EPMA 
q

Fig. 5 (a) SEM photograph, and (b) EPMA spectrum of powders obtained from hydrothermal synthesis at 200◦C in

0.25mol/L KOH, 0.75mol/L NaOH and 0.01mol Nb2O5 solution with CTAB for 6h4��:w�nu,:� KOH
/V��b/^k�b� N��� 6 h>� XRD t*p��


 6 0.01mol Nb2O5 3 NaOH ��~; 0.5wt% PEG E
200◦C ?W
B� 12h �i
N1� XRD 
q
Fig. 6 XRD patterns of products obtained from hy-

drothermal synthesis at 200◦C for 12h in 0.01mol Nb2O5

and NaOH solution with 0.5wt% PEG under different

conditions

(3) Adding KOH, unstirred; (5) Without KOH, stirred; (6)

Adding KOH, stirred

tg 3�ykDV�A��bgA,g\V��5�
 6�ykD�^�bg,V��x� 6g�Z}�g�
�i� 5 �
 6 �yk�t*R�7R/�%�YMV�/k��b,�"� N�
KOH��Du�I>����4�wj OH−  ℄���aA(�/M0 NaNbO5 �^l N8��
3.3 NaNbO3 E^�!�A0� 7 � 8 L3C 2 �yk
 3 �yk� TEMNh/�wt*��;ED�^� NaNbO3 kyg{DV^l��g�
MD�	, 2"0XR^l d \�t*���*0C�bk"�t*��Rk^l8�\(bk"I�m!7M3�I#[(�d|
#� NaNbO3 kyCN0XSk:\��^l�."t*�� 7 gq|���d|k=
Lλ = Rd7d�	 R1�R2
 R3/�� d \ d1�
d2 
 d3 L3C 4.08 � 3.92 � 2.83Å. /N XRD L4g� PDF �h (3KD 0.2Å�/), 2 �yk�kHN0 [121] k��tg (11̄1) kHn\0TEY


 7 2 �zl NaNbO3 � TEM Oi (a) 0�xu+
 (b)

Fig. 7 TEM photograph (a) and the electric diffraction pattern (b) of NaNbO3 sample No.2
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 8 3 �zl NaNbO3 � TEM Oi (a) 0�xu+
 (b)

Fig. 8 TEM photograph (a) and the electric diffraction pattern (b) of NaNbO3 sample No.3kH��(ER (R2 ER), 4 (101̄) kHCn\0TEYkH�T(ER (R1 ER); �y�E>."t*� 8,�	 R1, R2
 R3/�� d\ d1�
d2 
 d3 L3C 3.50 � 4.53 � 3.18Å. /N XRDL4g� PDF �h� 3 �yk�kHN0 [112]k��tg (111̄) kHn\0TEYkH��(ER (R1 ER), 4 (1̄10) kHCn\0TEYkH�T(ER (R2ER). F*�bg�3Kq|*L%F*�v��Q+RT (Lλ) �{D�"�3K�RkV^lY^�8�/+�,�g�<nu�
4 BK
 Nb2O5 
 NaOH �8/�KOH ���4�D 200◦C, a(� 1mol/L 
 2.5mol/L �A_��g&V�>^h
#,},XSk:^l�
NaNbO3 prOy��A�%(�"� Nb2O5 

OH− �P6(�"7�_a(�A��
|oT�A�7>C3^�I NaNbO3 ky�m| N�^�I��I>�}:8�/H!_4 (PVA,

PEG, CTAB) 
DA��bgV�/ NaNbO3 Oy�^k_,�"� N�}:4�:��
,
NaNbO3 k"D c oER�3T�d},U�k�DT;3,����N0XSk:�tg KOH���:�^v��t�4��&�/ NaNbO3^l
Y> N8��nu;E�D#QV��I>��^� NaNbO3 k"g{DV^lET�

�Hdh
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