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Plate-like Na2Ti3O7 crystals were successfully grown from a NaNO3 flux at large scale growth. NaNO3 acted as the solute (i.e., Na 
source) as well as the flux for the growth of Na2Ti3O7 crystals. The grown crystals were ordinarily obtained as aggregates having 
layered structure. The crystal phase and size uniformity were dependent on the growth conditions such as the milling time of raw 
materials, heating time and crystal growth area in a crucible. In addition, washing methods and ion removal abilities of the grown 
Na2Ti3O7 crystals were discussed due to satisfy water standards for application in industrial fields. The large scale-grown Na2Ti3O7
crystals exhibited better ion removal abilities than various commercial filtering mediums.  
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Fig.1  Schematic illustration of crystal growth areas in an 
alumina crucible. 
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Table1  Growth conditions of Na2Ti3O7 crystals. 

Run  Solute conc. 
(mol%)  

Solute Flux 
Milling time

/ h 
Holding time 

/ h  Washing Na2CO3 
/ g 

TiO2 
/ g 

NaNO3 
/ g 

1  20  96.24 435.12 308.64 24 20  
 
2  20  96.24 435.12 308.64 24 30  
 
3  20  96.24 435.12 308.64 72 20  
 
4  20  96.24 435.12 308.64 120 20  
 
5  20  96.24 435.12 308.64 120 20  tap water 
6  20  96.24 435.12 308.64 120 20  warm water 
7  20  96.24 435.12 308.64 120 20  HCl 

 



－12－

Journal of Flux Growth Vol.7, No.1, 2012

�
 TiO2%·�yG¸)�Ìák
Fig.2%e)�ri%f)�2Þß�
�MSN���J��Õ
M[è ��¥þ2��
%�õ

140 mm�Ñ� 118 mm)Mk��pL�s
������p
L*+û
¬ü��¾HpÚæ���1î2®ÍMMk�^

_+�[S�����Ú� p���ïI����ri

NaNO3�pÚH2WN�R
�^_+�[SPM�����

TiO2%·�yG¸)�Ìák���R[��[è z�rQ �

��H®DLM��*+�rQÜ
 TiO2%·�yG¸)�Ìá

k2¯���M
Fig.2%a)�ri%e)�SN�£�� 1 è�L��
[è ���`�z�ÎÏ��M�P�´��rQ¡Ó��

����M��HÛ[N�2²³+�[S`�Mk�[è 

z���>���H� NaNO3�pÚH2WN�n
�^_

+�[S`��±�Naã2ÀÁL����� TiO2%·�yG

¸)2��L�Rn1jM�^_+�[S E 1 è�£��
L��TiO2%·�yG¸)� NaNO3 ��hî2²³+�[S

TiO2%·�yG¸)�ri NaNO3 ��h��`��� 3.90 
g·cm-3 �ri 2.26 g·cm-3 HÛ[ [16,17]S�h���

TiO2%·�yG¸)2 NaNO3 ?@AB5¬.��L�[è 

��� Ti 9Ax1£�ßD�1Q�R
� ^_+�[S
PM�Na2Ti3O7 �ÖÜk����?¦
Fig.2%e)���®D�
�. 150 °C �zH pR[��+�1n1[Mk�o�o
p�r[&¾�� ���R[�^_+�[S§%¿¾ 30 
h%Run No.2)HCDLM���!®D¡� Na4Ti5O12�Ìák

Üç2�Na2Ti3O7�Ì"Û[
�`��zHÛjM
Fig.2%g-
l)�S§%¿¾2(
Mk�NaNO3�pÚH2WN�Na/Ti �
2��1ßD2®DL�Rn1jM�^_+�[S 
»���Gù¢ù�r[¤¥�¦�¿¾.¯°LMS¤

¥�¦�¿¾�# �rQ���£���	��ri¦�2

WN�[è �LHrQ¹Û1���ri¡y1��12®

DR[N�.ÃÄLMS§%¿¾. 20 h�L��¢ù�r[
¦�¿¾. 24 h%Run No.1)*+ 72 h%Run No.3)�ri 120 
h%Run No.4)�'$L����CD.´NMSXRD ÚòrQ�

<��¦�¿¾��
� �Na2Ti3O72	1�L�®DL

M%Fig.3)SPM�¤¥�¦�¿¾�# �� ��[è ô
6 Ò�HrQ¡y1��12®DLMSN���¤¥�¦�
¿¾�# �rQ���£��¥þ2�Ú�¹�n1Q�¡

y�¦���MMk�^_+�[S`��±�[è ô�L

HïI���2¡y�Wà¹�^_+�[S�Gù¢ù�r

[¤¥�¦�¿¾. 120 h�L��§%¿¾ 20 hH®DLM

��%Run No.4)� SEM%. Fig.4��RS[è ô 6Ò�H�
20Ë30 μm �&���2�&LM'cL2ë+�MS�(�
&����[����rQ¹�1&����)����ri


�2îé*pL�
MS®D��%Run No.4).+8��¥
,G-ÓL��.¡�zØN�.`���ÇÙLMË�SEM
ÞßLM�N8��.¡H��Û�&���2Þß���`

�[��*pLM¹�1&����ri
�2/0L�
[

º�2Þß��MSyg�zØN�H��1 μm �����
�
�2îéÞß��MS�.¡� XRD �yG<*+��
	� Na2Ti3O7 �y�R[Ìák2Þß���`��*�

2� / degree

In
te

ns
ity

 (
ar

b.
 u

ni
ts)

10 20 30 40 50 10 20 30 40 50

In
te

ns
ity

 (
ar

b.
 u

ni
ts)

2� / degree

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)

(l)

Na2Ti3O7 Na4Ti5O12 TiO2 (anatase) 

Fig.2  XRD patterns (Cu K�) of typical crystals grown at the 
milling time of 24 h and the holding times of (a-f) 20 h (Run No. 1) 
and (g-l) 30 h (Run No. 2). The crystals were obtained at (a,g) the 
top center, (b,h) the top periphery, (c,i) the middle center, (d,j) the 
middle periphery, (e,k) the bottom center and (f,l) the bottom 
periphery.  
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Fig.3  XRD patterns (Cu K�) of typical crystals grown at the 
holding time of 20 h and the milling times of (a-f) 72 h (Run No.3) 
and (g-l) 120 h (Run No.4). The crystals were obtained at (a,g) the 
top center, (b,h) the top periphery, (c,i) the middle center, (d,j) the 
middle periphery, (e,k) the bottom center and (f,l) the bottom 
periphery.  
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Fig.4  SEM images of typical crystals grown at the milling time of 
120 h and the holding time of 20 h (Run No.4). The crystals were 
obtained at (a) the top center, (b) the top periphery, (c) the middle 
center, (d) the middle periphery, (e) the bottom center and (f) the 
bottom periphery.  
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Fig.7  XRD patterns (Cu K�) of typical crystals obtained after 
washing with (a) tap water (Run No.5), (b) warm water (Run No.6) 
and (c) HCl (Run No.7).  
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