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Table 1 Chemical composition of TC4 titanium alloy (ω/%)
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Al V Fe O C N H Ti 

5.5~6.8 3.5~4.5 �0.3 �0.2 �0.1 �0.05 �0.015 Bal. 
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Table 2  Chemical composition of 30CrMnSiNi2A ultra-high  

strength steel (ω/%)

 [12]

 

C Cr Mn Si Ni S P Fe 

0.27~0.34 0.9~1.2 1.0~1.3 0.9~1.2 1.4~1.8 �0.03 �0.03 Bal. 
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� 1  TC4�V�� 30CrMnSiNi2A1�23�6wx?@ 

Fig.1  Microstructures of TC4 titanium (a) and 30CrMnSiNi2A 

ultra-high strength steel (b) 

 

 

 

 

 

 

 

 

� 2  TC4/30CrMnSiNi2A�''C����� 

Fig.2  Dimensions of lap joints of TC4/30CrMnSiNi2A 
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� 3  AgP(Ag-28Cu);7 TC4/30CrMnSiNi2A;&'C?@ 

Fig.3  Microstructure of TC4/30CrMnSiNi2A brazed joint by 

Ag-based brazing filler metal (Ag-28Cu) 
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Table 3  Chemical composition at different regions of TC4/ 30CrMnSiNi2A brazed joint by Ag-based brazing filler metal in 

Fig.3 (at%) 

Region Ti Al V Ag Cu Fe Ni O Possible phase 

I 48.56 1.34 0.11 3.01 43.39 0.11 0 3.48 Ti-Cu compound 

II-A 32.82 0.31 0 1.58 57.04 1.64 6.62 0 Ti-Cu compound 

II-B 0 0 0 92.8 7.2 0 0 0 Ag(s,s) 

III 9.59 0 0.11 0 0.34 88.4 1.56 0 Fe(s,s) +Ti-Fe compound 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  AgP;7 TC4/30CrMnSiNi2A;&'C XRD�� 

Fig.4  XRD pattern of TC4/30CrMnSiNi2A brazed joint by 

Ag-based brazing filler metal (Ag-28Cu) 
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Fig.5  Microstructure of TC4/30CrMnSiNi2A brazed joint by 

Ti-based brazing filler metal (Ti-37.5Zr-15Cu-10Ni) 
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Table 4  Chemical composition at different regions of TC4/30CrMnSiNi2A brazed joint by Ti-based brazing filler metal in Fig.5 (ω/%) 

Region Ti Al V Zr Cu Ni Fe Cr Mn Si Possible phase 

I 67.4 3.7 0.7 17.6 6.2 3.7 0.3 0.2 0.1 0 α-Ti, β-Ti, Ti-Cu compound 

II 30.1 2.9 0.7 38.7 14.5 12.4 0.7 0 0 0 Solidification solder 

III 67.3 1.3 0 20.5 6.2 4.0 0.5 0.2 0 0 Ti-Zr solid solution 

IV 30.7 1.6 0.3 37.4 15.6 12.3 2.0 0 0 0 Solidification solder 

 

 

 

 

 

 

 

 

 

 

 

� 6  TiP;7 TC4/30CrMnSiNi2A;&'C XRD�� 

Fig.6  XRD pattern of TC4/30CrMnSiNi2A brazed joint by 

Ti-based brazing filler metal (Ti-37.5Zr-15Cu-10Ni) 
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Table 5  Shear strength of TC4/30CrMnSiNi2A brazed joints  

by both brazing filler metals  

Brazing filler 

metals 

Shear strength/MPa Average shear strength/MPa 

Ag based 128.42 130.84 117.30 125.52 

Ti based 42.80 39.20 50.93 44.31 

 


Í;^�̄ f;Ð%" L4 Ag(s,s)+Ti-Cu�B�|

RS@­�%(Ý 8b _`, ��%" M +
�¥@

Yð+�Z�Üp��WPZYð�pUV�YB§

S
KL
Í�sD4 Ti� Cu���;�ÛÜRÌ


Í;^�¯f;Ð&%"4 TC4 M Ti-Cu �B�  

|«( 

TiÉ­:­F@ TC4/30CrMnSiNi2AG}O�ê

����4 44.31 MPa(TiÉ­: TC4��M�ê�

� SEM PQ¬Ý 9 ØÙ�WPjz��pUV(Ý 9

¡ØÙ�Z[\sDB§S
(:¥
�)4÷36.7% Zr�

28.4% Ti�20.3% Cu�8.7% Ni�4.3% Fe� 1.5% Al�

;�­FG}ÛÜRÌ
Í�&n4 TiÉ­:G,%( 

Y�78­:­FG}�ê���æ;^¯fÞ

j�]^78G}�ê�§�,æç��pv­�n�

. Ag É­: TC4/30CrMnSiNi2A ­FG}@O�ê

��`Û�v TiÉ­:­FG}���(sDtu� 

 

 

 

 

 

 

 

 

� 7  AgP;7 TC4V��efij 

Fig.7  Shear test fracture of TC4/30CrMnSiNi2A brazed joint by 

Ag-based brazing filler metal (Ag-28Cu) 
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Fig.8  Magnification of region L (a) and region M (b) in Fig.7 
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Table 6  Chemical composition at different regions of 

TC4/30CrMnSiNi2A shear fracture by Ag-based 

brazing filler metal in Fig.7 (ω/%) 

Region Ti Al V Ag Cu Possible phase 

L 0 94.55 0 0 5.45 Ag(s,s) 

M 54.70 2.59 0 3.5 39.21 Ti-Cu 
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� 9  TiP;7 TC4V��efij 

Fig.9  Shear test fracture of TC4/30CrMnSiNi2A brazed joint by    

Ti-based brazing filler metal (Ti-37.5Zr-15Cu-10Ni) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 10  TC4/30CrMnSiNi2A;&'C����wxyg 

Fig.10  Microhardness of TC4/30CrMnSiNi2A brazed joints by  

Ag-based brazing filler metal (a) and Ti-based brazing 

filler metal (b) 
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Microstructure and Mechanical Property of TC4/30CrMnSiNi2A Dissimilar 

Materials Brazed Joints 
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Abstract: TC4 titanium alloy was brazed to 30CrMnSiNi2A ultra-high strength steel by Ti-37.5Zr-15Cu-10Ni and Ag-Cu28 brazing filler 

metals separately. Microstructure and mechanical property of the both brazed joints were analyzed comparatively. Results show that 

Ag-Cu28 brazed interface is composed of Ag(s,s) and intermetallic compounds of Ti-Cu system. Ag-Cu28 brazed joint has relatively high 

shear strength due to the existence of Ag based solid solution and the shear fracture shows the characteristics of ductile fracture. 

Ti-37.5Zr-15Cu-10Ni brazed interface consists of Ti-Zr solid solution and solidified brazing filler metals, which lead to the low hear 

strength of the brazed joint. The shear fracture of Ti-37.5Zr-15Cu-10Ni brazed joint shows the characteristics of brittle fracture. Compared 

with Ti-based brazing filler metal, Ag-based brazing filler metal is suitable for brazing TC4 titanium/30CrMnSiNi2A ultra-high strength 

steel dissimilar materials. Sound brazed joints with the shear strength of 125.52 MPa can be attained at the brazing temperature of 830 °C 

with the holding time of 15 min by Ag-Cu28 brazing filler metals. 

Key words: TC4 titanium alloy; 30CrMnSiNi2 ultra-high strength steel; brazing; microstructure; mechanical property 
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