
� 50�    � 4�                                   ��������	                                 Vol.50, No.4 

2021�      4�                        RARE METAL MATERIALS AND ENGINEERING                        April 2021 

 

�����2020-05-26 

���	����	
	1986��	�	�����	������������� 	!" 100088	#$%010-82241375	E-mail: 

beatleszyt@163.com 

 

��������	
����� 

 

���

1,2

����

2

��  	

2

�
��

2

���

3

 

(1. ������������� 	!" 100088) 

(2. �&'!"()*��+,� 	!" 100088) 

(3. !"-.-/01	!" 100083) 

 


  ��2345678�9:;<=>	?� EBSD @A XRD :BC34567 TC11 �9DEF<GHI	JK

TC11�9LMN�MO<GPQN�RO<G:STUV	HIF EBSDWXYZ0[3<GHI\]:^_`\]

ab	?�0YZ EBSDcdWX:<GHI\]e XRDROHI\]fg T̀C11�9 βhi+<001>jkZBl:

m<GAn (001)[

010

]o<G	αh:p<Gq<160

16

19>j[001]r<

2110

>j[001]m<G` 

���st45678�9u<GuEBSD 

�������TG146.23uTG113.12      ������A       �����1002-185X(2021)04-1365-06 

 

��������“	
���������

�”������������ !����"#$�

%&'�()*+����,-.��/012

3456789�:;�<=�>?@ABCD

EF<=GH�IJ�KLMN�OPQ����"

#$R��ST@AUVWQX?YZ

[1-6]

[ 

XRD\X ]^_]`��abcd�"#$eT

AR�fghi[j/ _]k�lmnopQ α�β

q2�rs�j/�trsnouvw ODF\xyU

z{|`s�}&px~��AR��[� !�2

"#$�β 2B α 2�_]k��Y�������

c� β 2��������_]k�N���1U�

��<=��i���pQ α�βq2�ARUV5�[

EBSD\����]_]`hic�� ¡ 1¢£¤

¥¦�ST@A§ARUVhi[j/¨©pQª«*

+¬a®�xy�-� ODFxyUz{|�¯°±

��²uw~�ª«*+¬�AR³´§�N�5#x

yµUzs¶·nouvw()AR�µ�U|[)�

j/ EBSD ¯°pQ¸��ST@A���¹ºSA

Rxy»¼q2Uz6½���[�¾Z¿Àe

TARUV��EBSDª«*+jf�µm

2

|�Á� 

! β6Â�Ã¸�"#$@A�²uÄ�Å[ 

ÆÇÈª���¿É�¸µ� EBSD ¨©��Q

ÊËÌ�Í~�ÎÏ�B��ÐÏ�25#�j/~

�Î	
¨©�Ñ*+¿ÀÒÓ�hi�¯°pQ¸

µ�� EBSD ¨©5��}&pQÔ�ÕÖST@A

��o§eT²uÄ�5��×UËØ EBSD ÙÚN

ARUV�ÛÜ[ 

ÝÞßoàá���� TC11 #$?â�ãg

EBSD hi¢£L#$}SäÁÊåäÁAR�3æ

GH�UVL¨©µ�¸ç EBSD ARUV5��

<=�è éUVL���� TC11#$XRDB EBSD

ARUV5��ê)®[ 

��������

ãg)Éëìàá��������íî TC11

\Ti-6.5Al-3.5Mo-1.5Zr-0.3Si`#$«ß%[ 

EBSD~���ïãg�ðñá�� EBSD~��

bò�óï60 Vô�òï0.5 Aô�ðõï10%ö÷ø

ùúûõô�rï(üýôþNï20 �ôñá�Fï

10 s[ 

EBSD «ßïãg�Ý�� JSM-7900F ¨©� 

��EBSD��ãg EDAX��� Hikar’i XP���

ãg EDAX�� Team§ OIM��¿À¨©ã	B|


��ô 

XRD«ßïãg Panalytical X'Pert MRD�¿À

XRD«ß[ 

������	
�

���������	
�



v1366v                                          w+9x5ye��                                           � 50� 

s 1 �s 2 ��U�?���� TC11 "#$ö

� EBSDxy��s�2Uzs[}s 1�no�w�

�#$�Z���î@A@��α 2í��? 2~10 

µm�β 2�? 0.5~5 µm[}s 2 �2Uzsn��α

2��? 97.4%�β2��? 2.6%[ 

�����EBSD ��	
 

�¨©��U����¬�jf�¸�| ö�

ª«*+ ç��Ñ µ�!" #$ô�¸�| 

��%&ª«*+µ� ¸�'(*+��Ð!"�

�)N�*+ ¸�!"+ (#$[ 

&>,��!"(#$�<=� EBSD ª«X

?-W[�o�� ~�¿À EBSD ª«��¸.U

��/01S*UV[� !����"#$�23

β 6Âé�Ã¸�jf?4SäÊ5äÁ(���ã

g EBSD ¿ÀARUV��S*UV�6dÄ(��

%& EBSD ¨©�i78~�¸µ�²uUV�¾

9[::;<Zãg¸µ� EBSD =>ÒÓ¨©�h

i¡px?KeT�ARUV5�[ 

?L�@ EBSD ARÈª�ª«*+¸ç AR

5��<=�Ý¢£¿ÀLa¼A� EBSD «ß[d

1��? ���� TC11#$¿À�a¼A EBSD«

ß�ª«B|�ª«*+µ�} 100 µm

2

ÊÓC 1 cm

2

[

D���*+¸! 2 mm

2

��ãg=>ÒÓ¨©�h

E¿À EBSD|
ã	[s 3s 4��U�? 1#~6#

«ß5��xyUzs§ α2� ODFs[ 

}s 3�xy��s�no�w�1#~5#«ß5�

�¹��23 β26Â|�U�F? 80020050

52Ñ�& 6#«ßc�%Ñ β6Â¬.�ª«5�[

 és 4 �GÑ«ß5�� ODF sn��1#~6#5�

��H¸�N�ARI?(

1012

)[

1210

]�JÆÇª«

*+µ�Kç�AR�NH¸L��K[1#\10 mm×8 

mm`«ß5��AR�NH¸L? 10�& 5#6#«

ß5��AR�NH¸LU�? 5147[ 

ÓM¡�%NUV 6#B 1#«ß5��AR�®[ 

s 5 ? 6#«ß5�� α 2B β 2�rs�s 6 ? 6#

«ß5��ARµUzs[}s�no�w�6#«ß

*+ β6Â�xy?\001 [̀

010

][}s 5no�w�

6µ{0001}

α

//{110}

β

�<

1120

>

α

//<111>

β

�ßOL�*

+� α2B β2PQ78 Burgers\RST x̀y»¼[

s 6? �*+¬ α2�xy@Us[no�w��

6Â β→α U3/0�V1Û01� α 3Wxy?

(

1012

)[

1210

] (

1012

)[

1210

] (

1210

)[

1011

]

(

1210

)[

1011

](

0112

)[

0111

](

1102

)[

1101

]�

,3W�µ�U|Xs��[ 

s 7? 1#\10 mm×8 mm`«ß5� α2B β2

�rs[}s�no�w�β2�� (001)YZ�hy

�[ARo§\\001 [̀

010

]íAR�5#s 4� ODF

sno�w� α 2��AR? (

1012

) [

1210

]�

(

1210

)[

1011

]�(

1102

)[

1101

][}q2�AR³´n

o�w�β 2�\001`[

010

]íAR]^RST»¼ 

 

 

 

 

 

 

 

 

 

 

z 1  TC11�9: EBSD{l|}z 

Fig.1  Orientation spread figure of TC11 alloy 

 

 

 

 

 

 

 

 

 

 

z 2  TC11�9: EBSDhH~z 

Fig.2  Phase map of TC11 alloy 
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Table 1  Different EBSD test parameters of TC11 alloy 

Test No. Area/mm

2

 Magnification Step size/µm Average CI (confidence index) α/β (phase ratio) 

1# 10×8 35 7 0.3 0.895/0.047 

2# 6×4 100 7 0.46 0.998/0.002 

3# 2.5×2 50 7 0.42 0.997/0.003 

4# 1.2×1 100 2 0.46 0.994/0.006 

5# 0.64×0.5 200 0.8 0.5 0.996/0.004 

6# 0.11×0.086 1000 0.25 0.57 0.974/0.026 

40 µm 

40 µm 
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z 3  a 1� 1#~6#EBSD�*:{l|}z 

Fig.3  Orientation spread figures of EBSD test in Table 1: (a) 1#, (b) 2#, (c) 3#, (d) 4#, (e) 5#, and (f) 6# 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

z 4  a 1� 1#~6#EBSD�* αh: ODFz 

Fig.4  ODF figures of α phase of EBSD test in Table 1: (a) 1#, (b) 2#, (c) 3#, (d) 4#, (e) 5#, and (f) 6# 
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z 5  6# EBSD�* αhe βh:�z 

Fig.5  Pole figures of 6# EBSD: (a) α phase and (b) β phase 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

z 6  6#EBSD�*:<GYH~z 

Fig.6  Texture spread figure of 6# EBSD 
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z 7  1# EBSD�* αhe βh:�z 

Fig.7  Pole figures of α (a) and β phase (b) of 1# EBSD 

 

� *��TC11� &'() EBSD#$% α+,-./0�) 

Table 2  Area fraction of fiber texture of α phase in different 

EBSD test of TC11 alloy (%) 

Fiber texture 1# 2# 3# 4# 5# 6# 

<16 016 19>j[001] 28.3 25.9 21.8 61.6 68.2 69.8 

< 2110 >j[001] 11.5 11.4 8.4 25.3 29.4 28.9 
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z 8  XRD�*�� αh: ODFz 

Fig.8  ODF figures of α phase by XRD test 

 

 

 

 

 

 

 

 

 

 

 

 

 

z 9  XRDe EBSD�*�� βh ODFz3� 

Fig.9  ODF figures of β phase by XRD (a) and EBSD (b) test 
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Multi-scale Texture Analysis of Titanium Alloy Made by Laser Additive Manufacturing 
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Abstract: According to the microstructure characteristics of laser additive manufactured titanium alloy, the texture of laser additive 

manufactured TC11 alloy was investigated by EBSD and XRD, from micron scale to centimeter scale, and the effect of scanning area of 

EBSD on the texture was analyzed. The results show that the textures tested by EBSD are consistent with the results of XRD. The β phase 

of TC11 alloy shows the <001> fiber texture parallel to the building direction and weaker (001)[ 010 ] plate texture, and the α phase 

exhibits two fiber textures, <1601619>j[001] and <

2110

>j[001]. 

Key words: laser additive manufactured titanium alloy; texture; EBSD 
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