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A study on the nature of needle-like inclusions in corundum crystals
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Abstract It was realized that MC-XRD is useful for phase analyzing of inclusions in crystals because it can focus the X-
Ray beam to the small particles sized dozens of µm with high S/N ratio. By using this MC-XRD, needle-like inclusions
which are seen generally in corundum crystals known as rutile was found to be the iron titanium oxide and iron oxide
which has the chemical composition of Fe2TiO4, Fe2TiO5 and Fe2O3 respectively
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º £ Ö;Ú¦ö �Ò~º ���*~ �WWª 5 Ö;�'� ��¢ ªC~V *�Bº V�~ normal XRD ªC
Ëjö j�, >� µm �V~ Ö;«¶ö &� X-F zj �
�(focusing)~� ¸f S/Nj� ªC� > ®º MC-XRD
(Multi-Channel X-Ray Diffractometry)& 
Ö FÏ~&
. ��� MC-XRD� ªC� Ö", ��� rJ^ ®º 
��Úö
�FB �çÚ�bf iron titanium oxide, iron oxide
� ��Ú^ ®î�, ''f Fe2TiO4, Fe2TiO5, Fe2O3f ?f z��W
j &öj r~
.

1. B �

Ú�b�¦ 7b�¾ �C~ Ú¦ö ®Ú "Ö;~ �

¶Úfº 
� ;�, 
� ö�B �Ú(&¦ª æ«7b

~ ²Ö;), �Ú 6º VÚ, r�º �
� b�B ;�

¢ &ê bî�B, Gn 6º {&¦Òö ~� � �Ò

& �;F > ®º ©j ~�~�, ���*(inclusion)

6º �Fb, �Fb�¢º «�j ÒÏ~� ®
[1]. �

C~ Ú�bf �©j ���b�� �C~ «~¢ 6ê

� > ®º "�& >�, �C6êç &Ë 7º� Â�

C" �WCj �ê� > ®
. �©f æ�Ú~ î�î

¾ Îzb� ¦V JÂ �*ö �ö �WB Â�C" �

® ��*Úö Ö;~ GWj �*'� O»b� �W�

��~ �C
 Ò�öBº � Wª, Ö;��¾ 
� Î

� ßW� j*® ÿ¢~z¢ê, Ú¦ ���* ß® �

Ö;;W~ ";j ¾æÚº WË�çö ®ÚB «{�

N�¢ ¾æÚº ãÖ& ô
. V¢B ��� N�& �

C6êö ®ÚB 7º� �B¢ B�� "�, z® �C

~ ê* 6;ö ®ÚBº ¢¹j > ìº Ã�& >æ�

� �Ò &~º �® �
. 6� ��¾Ò B "ï" V

æ ¾ÒCj öæ� > ®b�, �C~ R«êö &�

ï&f �� 5 ãBf ?f ßûb�¦V �¾~ ¶ç

&ËWj ï&~�, �æ~¾ �C~ �W";" �W~

ãj ��~º ±f êVê F > ®
. Â��C~ �

Wö ®Ú 7ç�¾ ÎzÚö ®ÚB Ö;;�~ ��f

Öz ÿ¢~æ pb�, ÿ«�Cö ®ÚBê æ�'b�

N�& ®º ßû'� Ú�bj �W�
. V¢B Ú�

b~ ßû~ N�ö &� ç^� ¦Æº � �C ÖÂæ

~ æ�N� �êö «{� Ã�¢ ¾æÚº ãÖ& ô

bæ�, ÿ« �C�¢ê Ú�b~ ç^� ¦Æö ~�

ÖÂæ¢ 6;� > ®
. �Þ "Ö;~ ;W7ö j�

'b� Ú�>º æbî 6º Ö;z ";öB �Vº

WË*ç, 
� ö�B Ú¦�ç�¾ ��~ æz 6�

Ú�b" ÿ�ö ¦Æ>�, � WË*çö V� Ú�b
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ê Â�C" � �WC"~ 6êö ß® 7º� ��Þ

& B
[2]. Ú�b~ ��O»b�º r�.br�~»

�ö î�� 7W¶F �Òö ~� �çÚ�b~ ªC,

&N*�ãö ~� &V, ÿ*Ú ö²ö ~� ��»

�� BB>î
. 7b� ª¢öB ¢>'b� ÒÏ>º

��O»f �ò¢ ªö� ò
Ú z�' Wª~ ªC~

¢ �~º O»b� 2Z¦Ò& V��
. ��¾ 2Z

¦ÒO»j �C 6êöB �Ï� > ìbæ� �C Ú

�b~ ��öBê ��® Ú¦ßû~ {&¦Ò, ¯, 7

�'� &Vj *"� � > <ö ìº � B£Ò��

®
. �C Ú¦ö æ« 7b~ Ú�b~ ï�¾ ßF~

;ç�� «{~² �;>º ãÖöB �N �''� Ö

"ö�æ� �©~ Wª�¾ 7b«ræ 6;~º ©f

ÚJÚ ãÖ& ôf�, Ú�b� �ç'� Ö;;j ¾

æÚº ãÖº �® �b�, ¦;;~ ;çb� �Ò~

º ãÖ& &¦ª�V r^ö z× ÚJæ� V�
. �

�� �'' 6;»òb� Ú�b~ Wª' ßWj ;W,

;ï'b� {�~º ©f 
¦�öê ®�~�, JÂ

^úö �ö ê³>Ú N ôf �C�¶
~ ��º Ú

�b~ �Cö ®Ú ôf êæj & ©� Ò
��, æ

.f '« �Cö ®ÚB � ßû~ J«öò jî¢ ã

Öö V¢B �
~ Öæö V� ßû~ N�ê Ú�b

�B 6;� > ®º ;êræ ��&
. 7bªCöB

&Ë {
� O»b� �Ï>� ®º X-FªC»ö ~

� ªö»b�, «¾ Ê*Ê~ �ÎÖ ;Ò& �'' O

»b� 6�� 
�jÒ�7öB~ æ�~�¾ >; Ú

�b �Ò& ¦;B ãÖê ®î
. ��¾ �©ê 2Z

¦Ò O»7 ~¾� �C6êö �Ï ®&Ë~
. ��

� �6j �j� ©� EPMA Ë~ö ~� �¦ªC»

b�, � Ë~ö ~� �Cf 2Z~æ p� ¦ª'b�

�Ò~º �²Ö; Ú�b~ Wª ªC� &Ë� ê


[3, 4]. � Ë~º �ò7b� >�� ïÞ� N�~ �

îB �j &æ� ®Ú¢ �
. Z V��¾ �ç~ Ú

�bf ^V r^ö �î�ö � ��j ¾æÚº ãÖ

& ôæò, «ç�¾ 
f V�;�~ Ö;� Ú¦ö �

Ò� röº � ç�� Wª ªC� ®&Ë� ©�
.

��¾ æ.f z× B*B V¶Ò& BB>Ú j2Z¦

Ò�B � �îj �~ «{~² 2k� > ®º Ë~&

³³ �Ë~� ®
.

� ��öBº V�~ XRD ö j� >� µm �V~

Ö;«¶ö &� X-F zj �
�(focusing)~� ¸f

S/Nj� ªC� > ®º MC-XRD(Multi-Channel X-

Ray Diffractometry)j ÒÏ~� 
�� Ö;Úö �Ò

~º Ú�b~ ªCj �ê~&
.

2. 
þ O»

� ��öB ªC&çb� F�� 
�� �òº 5B

�� '' 
� ;�~ �çÚ�bj �F~� ®îb�,

�©~ �î� Zí�& ~º ©j C®º� .6j �

ºî
. Fig. 1f ªC&çb� F�� 5B~ �ò 
b

Òê��, �©� &æ� ®º �ç;�~ Ú�bj ¢

> 
Ú; �z¢� 3f Òêf Fig. 2f ?
. �ò¢

7�*�ãb� &V� Ö" Ò2�Ú 5 �j Ú¦ö

�Ò~º ���*~ ;�º 
·~&æò, �Û'b�

>� µm �V~ ·f «¶
� ��Ú^ ®rj {�~

&
. �
~ �WWª 5 Ö;�'� ��¢ ªC~V

*�Bº V�~ normal XRD ªCËjö j�, >�

µm �V~ Ö;«¶ö &� XF zj �
�(focusing)

~� ¸f S/Nj� ªC� > ®º MC-XRD(Multi-

Channel X-Ray Diffractometry)& 
Ö FÏ~&
.

MC-XRD(¢� RigakuÒ B�)º ¢> XRD~ �îJ

�V(Goniometer)f 
� PSPC-MDG 2500(Position-

Sensitive Proportional Counter - Micro Diffraction

Goniometer)j ÒÏ~� �²'�öB áf XRD ��

6(signal)j f�-j6 �ÚV(multi-channel counter)�

ÎN'b� áV r^ö ¾��V(nano-meter) �V~

«¶
ö &�Bê ¸f S/Nj� Ö;�� ªC� >

®
. � 
þöBº ªC~�¶ ~º 5B~ �ò
ö

&� MC-XRDö ¦OB 7�*�ãb� �ç ���*

� ®º ¦*f ìº ¦*¢ {�� êö ''ö &~�

Fig. 1. Photographs of corundum sample. (a) pale-violet color/pear cut/0.897 ct (6.67×4.98~3.24 mm). (b) violetish-red color/pear
cut/0.908ct (7.25×5.07~2.81 mm), (c) yellow color/pear cut/0.800ct (6.75×4.90~2.91 mm), (d) red color/oval cut/0.444ct (4.94×

3.99~2.28 mm), (e) red color/oval cut/0.613ct (5.34×4.53~2.77 mm).
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ªCj ¯~&b�, ªC� ÒÏ� MC-XRD~ *{f

40 kV�î�, �
�(focusing)� XRD beam sizeº 50

µm�î
.

3. 
þÖ" 5 �V

Fig. 3f �ò(a)ö &~� ;ïÏ XRD� ªC~�

áf Ö"¢ ¾æÞ ©b�� Ò2�Ú~ Ö¦ b�

(peak)& ­ B &V>æò, "(�) Ö¦ b�º &V>

æ p~
. �º Ò2�Ú& �Ö;�V r^ö ².'

� ¢~~º Ö;�öBò ².� ¢Ú¾V r^�
.

V¢B, � Ú¦ö �Ò~º ���* �ã¶
~ Ö¦

b�º áV Ú[
º ©j r > ®
. >�ö Fig. 4

º �ò(a)öB ���*� ìº *~f ®º *~¢ {

�~� MC-XRD� áf Ö"¢ ¾æÞ ©�
. Fig. 3

öBf ?� ���*� ìº *~öBº Ò2�Úò~

b�& &V>¾, ���*� ®º *~öBº Ò2�Ú

�ö Ulvospinel ��~ iron titanium oxide(TiFe2O4)&

&VB
. ��¦V �ò(a)~ Ò2�Ú �CÚ~ ���

*f iron titanium oxide(TiFe2O4)ªj r > ®
. Fig.

5º �ò(b)¢ Fig. 4f ?f O»b� ¶'ï Ò2�Ú

Úö ���*� ìº *~f ®º *~¢ {�~�

MC-XRD� áf Ö"¢ ¾æÞ ©�
. ���*� ì

º *~öBº Ò2�Ú b�ò� &V>æò, ���*

� ®º *~öBº Fig. 4~ Ò2�Ú �CöBf ?�

Ò2�Ú �ö Ulvospinel ��~ iron titanium oxide

(TiFe2O4)& &VB
. Fig. 6f �ò(c)¢ Fig. 4f ?f

O»b� Ò2�Ú �CÚö ���*� ìº *~f ®

º *~¢ {�~� MC-XRD� áf Ö"¢ ¾æÞ ©

�
. Fig. 4f ?� ���*� ìº *~öBº �~

Ò2�Úò~ b�& &V>¾, ���*� ®º *~öB

º Ò2�Ú�ö Ulvospinel ��~ iron titanium oxide

(TiFe2O4)& &VB
. Fig. 7f �ò(d)¢ Fig. 4" ?f

O»b� �j �CÚö ���*� ìº *~f ®º

Fig. 2. Photographs of inclusions in corundum crystals.

Fig. 3. Typical normal XRD pattern of sample (a). Fig. 4. Typical MC-XRD pattern of sample (a).
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*~¢ {�~� MC-XRD� áf Ö"¢ ¾æÞ ©�


. ���*� ìº *~öBº �~ �j~ b�ò &

V>æò, ���*� ®º *~öBº * Ö"
"º

�Ò �j �ö Pseudobrookite ��~ iron titanium

oxide(Fe2TiO5)& &V>î
. Fig. 8f �ò(e)~ ���

*� ®º *~öBò áf MC-XRD ªCÖ"¢ ¾æ

Þ ©�
. �âöBf ?� Ò2�Ú~ b��ö iron

oxide(Fe2O3)~ peak& &VB
. *f ?� 5B~ Ò2

�Ú 5 �jÚö �Ò~º ���*
ö &� MC-

XRD� ªC� Ö"
�¦V �
 ���*
f iron

titanium oxide, iron oxide
� ��Ú^ ®î�, ''f

Fe2TiO4, Fe2TiO5, Fe2O3f ?f z��Wj &öj r

~
.

4. Ö �

�CÚ¦ö �FB ���b~ ªCö ®ÚBº V�

~ normal XRD ªCËjö j�, >� µm �V~ Ö

;«¶ö &� X-F zj �
�(focusing)~� ¸f S/

Nj� ªC� > ®º MC-XRD(Multi-Channel X-Ray

Diffractometry)& 
Ö FÏ~&
. ��� MC-XRD�

ªC� Ö", ¢>'b� ���¢� rJê 
��Úö

�FB �çÚ�b~ �î� iron titanium oxide, iron

oxide
� ��Ú^ ®î�, ''f Fe2TiO4, Fe2TiO5,

Fe2O3f ?f z��Wj &öj r~
.
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Fig. 5. Typical MC-XRD pattern of sample (b).

Fig. 6. Typical MC-XRD pattern of sample (c).

Fig. 7. Typical MC-XRD pattern of sample (d).

Fig. 8. Typical MC-XRD pattern of sample (e).


