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Fig.1  SEM micrographs of microstructures of hot-rolled TA15 

titanium alloy 
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Fig.2  Photograph of the surface state of laser-remelted 

TA15 titanium alloy 
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Fig.3  OM micrographs of rapidly solidified coarse β grains on 

free surfaces of laser-remelted TA15:� titanium alloys  

(laser scanning speed: (a) 150 mm/min, (b) 200 mm/min, 

(c) 300 mm/min and, (d) 600 mm/min 
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Fig.4  OM micrographs of β grains between remelted zone and 

heat affected zone on top free surface of laser-remelted 

TA15 titanium alloys (laser scanning speed: 250 mm/min) 
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Fig.5  Average β grain size of laser-remelting rapidly solidified 

TA15 titanium alloy as a function of laser scanning speed 

 

�Ú�yzÊË�ºë 6��<¢ë 30 4ã!	

5 TA15 ��'RS6VTU¿?5�ÐWK?/

�mng\TU�o</�$æ 700 µm�s�æ

200 µm</�p6q?¿?5�Ð�prÒ/�

5�Ð¶äåæ 200 µm��Ð¶?�as

TUtsd¼�e�</�0�ÐÁ?µu�

vwè< 

RS6V TA15 ��'¼NxTUq�Èo5p

$�oºë 7 ��<yzë 4 ãRS6V�0N��

�Jc®¶ÊO{|p�ë 6 ã/�«}�H	

p48M¡�RS��'TU6VV~5��WK�

?;]pV~�>N���m>DVèt�50V�

� β ¶j"��5Â�«}�F<TA15 ��'R

STU6VV~�o¢�ç��op���V~�>

N���m>DVèt�50V��5�o%$ �

����'�ç��o(\]¼N�o%���No

�¾?)�¢RS¼N6V�FãV~�>(7N��

�m>)0V��ã α ç �=#�" β �çyz)

��¿}}?<asV~�>ts5d¼�N���

�o�����@N����®�o¢ α�β \ç�

Á��® TA15 ��' α ç>Ê#�" β ç<TA15

��'6V�0N���5 β ¶¢RSTU6VB

��mn�Fã#�"µ�5u�vwèyz(ºë

6c��)�X&�ÊË�·T��vwè" α′ ç�Í

`4« β→α′ #��«!u���'vwè α′ ç< 

ë 8 ? TA15 ��'RSTU6VV~�^��

yz�!�Vë<ºë 8a���¢ TA15��'RS

TU6V¼N�Fã��RS��:&5�'�QT

~��V}�!V~��V~�>N���DVèt

�50V��q��®]�$�o¼N�H<\]R

STU6V�Fã
 TA15 ��'5¼N�o%�

(1×10

3

~4×10

3 

�/s)���Fã4«5ç��s��� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  TA15;<!"?@`®>(a)p¯®>(b), (c) 

°±EF¡¢ 

Fig.6  OM micrographs of rapidly solidified coarse β grain on 

transverse (a) and longitudinal sections (b), (c) of laser- 

remelted TA15 titanium alloy (laser scanning speed:  

150 mm/min) 
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Fig.7  Schematic illustration of maximum temperature profile on 

longitudinal section of TA15 titanium alloy during laser 

surface remelting process 
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Fig.8  Schematic illustration of melt-pool formation and β 

grain-coarsening in HAZ beneath the melt-pool (a) and 

rapid solidification of the pool by epitaxial growth 

from coarse β grain during laser surface remelting TA15 

titanium alloy (b) 
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Abnormal Grain Coarsening of Laser Surface Remelting Rapidly 

Solidified TA15 Titanium Alloy 

 

Liu Bin, Fang Yanli, Li An, Zhang Shuquan, Wang Huaming 

(Beihang University, Beijing 100083, China) 

 

Abstract: Rapidly solidified microstructure of a laser surface remelted TA15 titanium alloy as a function of laser scanning speed and 

solidification cooling rate was investigated. Abnormal coarsening of β grains in the rapidly solidified remelted zone was readily observed 

for the laser glazed TA15 titanium alloy irrespective of the rapid solidification cooling rate. The β grains in laser remelted zone of TA15 

titanium alloy were abnormally coarsened and their sizes were up to 10 to 20 times larger than that of the α grains or 32 to 62 times larger 

than that of the β grains in the original material. The rapid solidification and grain growth of molten bath of laser surface remelting TA15 

titanium alloy was a process of directly epitaxial growth of the β grains of the unmelted substrate at the contact of the melt-pool bottom. 

The rapidly solidified β grain size in the laser remelted zone was determined by the β grain size of unmelted base metal at the bottom of 

molten bath. During laser heating and molten bath forming in the surface of the TA15 titanium alloy, β grains of the unmelted base metal 

at the top of heat-affected zone nucleated, grew in an extremely short time owing to the extremely high temperature. Solid-state abnormal 

coarsening of β grains on the unmelted base metal at the bottom of molten bath resulted in the abnormal coarsening of rapidly 

solidification structure in laser remelted zone of the TA15 titanium alloy. 

Key words: laser surface remelting; rapidly solidified; TA15 titanium alloy; β grains abnormal coarsening  
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