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Fig.1  Yield strength of typical titanium alloys for marine  

engineering 
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� 1  Ti-xAl-Fe-B �������	
  

Table 1  Actual chemical composition of Ti-Al-Fe-B alloy (ω/%) 

Sample Al Fe B C N O H 

Ti-1Al-3.5Fe-0.1B 0.952 3.640 0.082 0.052 0.007 0.160 0.002 

Ti-2Al-3.5Fe-0.1B 1.950 3.630 0.081 0.051 0.004 0.130 0.002 

Ti-3Al-3.5Fe-0.1B 2.950 3.760 0.080 0.050 0.006 0.140 0.002 

 

 

 

 

 

 

 

 

 

 

 

 

Ï 2ÓÓTi-3Al-3.5Fe-0.1BP�]`abÔ� 

Fig.2  Heat treatment process of Ti-3Al-3.5Fe-0.1B alloy 
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Ï 3ÓÓTi-xAl-3.5Fe-0.1BP�×ØÙÚ ]Û�efÃÜ 

Fig.3  Microstructures of Ti-xAl-3.5Fe-0.1B alloys after forging and air cooling: (a) x=1, (b) x=2, (c) x=3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ï 4  Ti-xAl-3.5Fe-0.1BP��( αt]����[Â�Ý�Þ4Ó

Fig.4  Lamellar thickness distribution of primary α phase of Ti-xAl-3.5Fe-0.1B alloys (a~c) and development of lamellar thickness of α 

phase with aluminum concentration (d) 

 

 

 

 

 

 

 

 

 

 

 

 

Ï 5  ×ß Ti-xAl-3.5Fe-0.1BP�] XRDÏàÓ

Fig.5  XRD patterns of the forged Ti-xAl-3.5Fe-0.1B alloys 
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Ï 6  ×ß Ti-xAl-3.5Fe-0.1BP�]txZÝ� 

Fig.6  Phase concentration variation of the forged Ti-xAl-3.5Fe- 

0.1B alloys 

 

 

 

 

 

 

 

 

 

 

 

Ï 7  ×ß Ti-xAl-3.5Fe-0.1BP�]��iN 

Fig.7  Tensile properties of forged Ti-xAl-3.5Fe-0.1B alloys 
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Ï 8ÓÓTi-3Al-3.5Fe-0.1BP�]Û�efÃÜ 

Fig.8  Microstructures of Ti-3Al-3.5Fe-0.1B alloys: (a) forged state, (b) ordinary annealing, (c) β annealing, and (d) double annealing 
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Ï 9  Ti-3Al-3.5Fe-0.1BP�]�Ûef 

Fig.9  TEM images of Ti-3Al-3.5Fe-0.1B alloys: (a) forged state, (b) double annealing, and (c) secondary α phase in double annealing 
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Fig.10  Tensile properties of forged and annealed Ti-3Al-3.5Fe- 

0.1B alloys 

`a����¥	
\ª«+�x�HY�e α O�

P�e αOÈYÀ
���²�À


[16]

�©PFØ�

��²�¶·	º)�ñ	
�\�HY!a α O�

Öd�e αO�H�I
��²��µm©� 10+M

ms)�ñ	
�\��²���º�)β 	
�\

��ª«%� ª«�aÁ� ª«���	
²�

´�gö����Oõöm�Â�dd
ý β O��

��\
ý βOvó¸ÃcdJ>\ αO�>\ αO

{Äº>\Ñ��C�+�©PÅÆJ����	1

²�ÇH

[17]

�FØ��}*wÐÑÒ\���O��

�	1²�´³´)��ÄÅ�ÐÑÒ��Mms)�

�¥	
�\�²�¶·	�º�yn¦�±]�¥

	
\ª«+ÅÎx�!ab αO�âd αO1�e

α O�y�ª«c���J�eª«²�ºm�!a

ª«�	
��ö) 

�11%Ti-3Al-3.5Fe-0.1B���OýPQVWc�

��©�+Mms)�Ä����È�ÐÑÒ��*V

Wc�]±ÙÉªd�̧ ÙÉc�³%p��µm]'

]Ù�VÊ)ÙÉ�H+17Ë�aî�	��ÌJ�

��²��ÙÉH¸7Î���²�³º�ÙÉ+¸Ë

Î���²�´

[18]

)�����ÙÉ�H�+�°`

Ä]f��ÙÉ³7(�11a)��ñ	
�ÙÉ@A³

H¸7(�11b)�β	
\�ÙÉ°`]f��ÙÉ+³

Ë(�11c)��¥	
\���ÙÉb3%�eÙÉ�

¸x��°³H�ÙÉ�ÙÉ7(�11d))ñ¡���

�°ô���²�m�OýPQVWc�Mm4���

���ÔÕ�ñ	
1�¥	
ÐÑÒ�\���²�

�º�P���ÔÕβ	
ÐÑÒ�\��²�³´) 

� 12%Ti-3Al-3.5Fe-0.1B��}Í£���� 

���

[19]

��²��³)©�+Mms)�Ê���

Ti-3Al-3.5Fe-0.1B ��³*w��O��¤��
�

�²¶·�)ÅÎ�^ÎJ���� ��� 900~ 

1200 MPa�	��opwx��b) 

Primary α phase 

Primary α phase 

Secondary α phase 

Primary α phase 

a 

b 

c 

E
l
o
n
g
a
t
i
o
n
/
%
 

Forged state  Ordinary annealing  β annealing  Double annealing 

R

m

 

R

p0.2

 

A 



Î1612Î                                        ¥��
�)78                                              � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ï 11  Ti-3Al-3.5Fe-0.1BP�]��áâÃÜ   

Fig.11  Fracture morphologies of Ti-3Al-3.5Fe-0.1B alloys: (a) forged state, (b) ordinary annealing, (c) β annealing, and (d) double 

annealing 
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Fig.12  Comparison of yield strength and strain for Ti-3Al-3.5Fe- 

0.1B alloy and typical marine titanium alloys 
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Abstract: Effect of Al element addition (1wt%~3wt%) and heat treatment on microstructure evolution and mechanical property of a new 

alloy Ti-xAl-3.5Fe-0.1B was studied. Results indicate that Ti-xAl-3.5Fe-0.1B is α+β two-phase titanium alloy. Yield strength of the alloy 

increased from 590 MPa to 900 MPa and tensile strength increased from 808 MPa to 1074 MPa with the variation of Al element from 1% to 

3% due to solid solution strengthening effect; at the same time, the elongation decreased to 15.4%. Microstructure observation reveals that 

the thickness of the lamellar primary α phase was reduced and the grain size was remarkably refined with the increasing Al element content. 

Meanwhile, it is found that yield strength continuously increased to 1000 MPa, tensile strength increased to 1144 MPa and the elongation 

increased to 17.5% after double annealing, which indicates unique mechanical property. The metastable β phase formed in the 

microstructure was decomposed to secondary α phase with fine grain size during the double annealing in the alloy, which blocked the 

movement of dislocation and induced enhancement of strength. At the same time, the dispersion of secondary α phase on β substrate was 

also beneficial to the strength. On the other hand, the presence of equiaxed α phase was considered favorable to the improvement of 

elongation. 
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