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Table 1 Chemical composition of the base alloys (/%)

Alloy Nb Ti Al \Y \W Mo Zr Hf Sn C N 0 H
LDNb Bal. 375 5.0 4.5 — — 0.5 — — 0.05 0.005 0.08 0.001
TC4 — Bal. 5.35 4.83 — — — — — 0.055 0.005 0.06 0.001
7715D 2.21 Bal. 6.38 — — 1.79 1.9 — 3 0.017 0.016 0.12 0.0017
Nb521 Bal. — — — 4.84 2.20 1.65 — — 0.007 0.008 0.013 0.001
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Table 2 Physical properties of the base alloys

Alloy  Melting point/'C  a/X10°K"'  Cy/lg’'K*
LDNb 2100* 8.8 0.52
TC4 1660 9.75 0.21
7715D 1900* — —
Nb521 2600 8.29 0.30

* Calculated from the phase diagram
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Table 3 Process parameters of welding

\oltage/ UmA Velocity/ Vacuum/ Deflection

Welded alloy v ™A s X107 Pa distance/mm
LDNb+LDNb  55~60 20~25 18~20 <2 0
LDNb+TC4 55~60 20~25 18~20 <2 0.1~0.2
LDNb+7715D  55~60 20~25 18~20 <2 0.1~0.2
LDNb+Nb521-1# 55~60 23~28 20~25 <2 -0.2~-0.1
LDNb+Nb521-2# 55~60 25~32 18~20 <2 -0.3~-0.2
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Fig.1 Microstructures of the base alloys: (a, b) LDNb; (c, d) TC4; (e, f) Nb521; (g) 7715D
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Table 4 Mechanical properties of the base alloys at room

temperature
Alloy Rm/MPa Al%
LDNb 1020 17.5
TC4 900 10.2
7715D 1165 10.0
Nb521 480 30.4
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Table 5 Mechanical properties of the welded joint

Welded material T/I°'C Rm/MPa Al%
LDNb+LDNb 25 952 17
LDNb+TC4 25 903 10.7
LDNb+7715D 25 987 10.2
LDNb+Nb521-1# 25 236 —
LDNb+Nb521-2# 25 460 28.9
LDNb+Nb521-3# 1100 75.3 33.8

Kl 2 LDNb+TC4 54K TH B ¥ 15 i
Fig.2 Welding beam surface of the joint of LDNb+TC4: (a) front
bead and (b) back bead
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Fig.3 Microstructures of the joint of LDNb+TC4: (a) metal-

lograph and (b) SEM image
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Fig.4 Fracture appearance of the welded joint of LDNb and TC4
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Fig.5 EDS line scan results of the joint of 7715D and LDNb
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Fig.6 OM image (a) and fracture appearance (b) of the joint of
LDNb+ Nb521
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Fig.7 OM images of the joint of LDNb and Nb521: (a) WBZ, (b) HAZ of LDNb, and (c, d) HAZ of Nb521
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Fig.8 SEM images and EDS line scan of the joint of the LDNb+
Nb521
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Table 6 EDS results of each area in Fig.8b (at%)

Area No. Al Ti \Y Nb W
1 0.52 2,51 0.73 91.59 4.65
2 0.50 4.05 1.02 90.45 3.98
3 5.61 25.3 7.01 62.08 —
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Microstructure and Properties of Welded Joints of Low Density Niobium Alloy

Bai Run, Zheng Xin, Cai Xiaomei, Wang Feng, Xia Mingxing, Liu Hui, Li Laiping
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The microstructure and properties of the joints of low density niobium alloy (LDNb) with itself, high strength niobium alloy
Nb521 and high temperature titanium alloy TC4 welded by the electronic beam welding (EBW) was investigated. For different alloys,
electronic beam was deviated to the side of higher melting point alloy. The corresponding current, welding speed and deflection distance
were also adjusted. The results show that the welded joints are smooth with good tensile strength. The plasticity of the joints welded with
itself, LDNb or Nb521 are consistent with that of the base alloy. The ultimate strength of welded joint of LDNb and Nb521 alloy is up to
75.3 MPa at 1100 <C, which is close to that of the base alloy.

Key words: low density niobium alloy; titanium alloy; high strength niobium alloy; electronic beam welding; mechanical properties
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