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Electron beam weldability of Niobium

Byung Hun An’, Jong Won Yoon, Sook Hwan Kim"
"Department of Advanced Materials Engineering, Dung-eui University
"Research Institute of Industrial Science & Technology

ABSTRACT

Electron beam (EB) weldability of pure grade Nb sheet was studied. One of Nb sheets was
as-annealed and the other was cold rolled. Microstructures, Vickers hardness, and transverse weld
tensile test were carried out for the base metal, the heat affected zone (HAZ) and weld metal. In the
case of the EB welds made using the annealed Nb sheeet, fine equiaxed grains and coarse grains
were dominant at the base metal and the HAZ, respectively, and colummar grains were observed at
the weld metal. For the EB welds made using the cold rolled Nb sheet, clongated grains in the
rolling direction at the base metal, and the microstructures of the weld metal and the HAZ are similar
to thosc of the EB welds made using the annealed Nb sheet, respectively. For both annealed and cold
rolled Nb sheet, the width of the HAZs are unusually wide in spite of using high density heat source,
i.e. electron beam, and the grain sizes of both HAZs are similar. When tensile test was carried out
using the transverse weld specimens, the failure occurred at the HAZ for both EB welds made using
Nb sheets annealed and cold rolled, respectively and the tensile strengths of both specimens were
161MPa. Vickers hardness of EB welds made using annealed Nb was 56-57 Hv at both base metal
and weld metal, 52-53 Hv at the HAZ. On the other hand, Vickers hardness of EB welds made using
cold rolled Nb was 97-99 Hv at the base metal, but the hardness values of weld metal were similar
to thosc obtained at the weld metal of annealed Nb.
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Table 1. Chemical composition (in wt.%)

Nb Ta W Ti Fe

99.9 0.0254 <0.0001

<0.0001 <0.0001
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Table 2. Eleciron beam welding condition

Nb S.h.e ¢t Acceleration Beam Current| Weld Speed
Condition Voltage (mA) (mm/min)
(Thickness) (kV) : !
Annealed 130 37 600
(3mm)
Cold-rolled 130 24 600
(Zmm)
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Fig. 1 Dimension of transverse weld tensile specimen.
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Fig. 2 Macro and microstructure of electron beam welds
for both annealed and cold rolled Nb sheet.

2.5 =3

1 y7i0kel Nb el Azt
—‘?—Ei Z}7} thololRE cutterE o]

o om 9

r

4y "

lHqE
U Z

Bl o @2 o op op
59
9
[o
iy H i
i
2
1L
ue ot
i
T 9
30

3. 4983 9 1
31w B

Fig. 2= o/desl Nboh §7iohadsl Nbel
Ay SAARR THEAE Belzn otk
8% AHAA O] Eo| 8-10mms
$ dom, ofdusl Nb $HILIHE v
ke FAbgel wE Hgn B BS A
% AYYoE ojfeld stk Wk AT Nbel
SAE AVRS Tt AN AHe] Bay
slor §Ha4T dGFRAE oI Noz}

off Y 2 Hd ™

IR Sase Metal
2 EBW

Tensile Strength (MPa)

Annealed Cold-rolled

Fig. 3 Tensile strength of base metal and electron beam
welded coupon for both annealed and cold rolled
Nb sheet.
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Elongation of base metal and electron beam
welded coupon for both annealed and cold
rolled Nb sheet.

7]‘1] al

AN
o 3%, AFAY, AFY A L AXA
Zjgt Aol AEATT HerEn™

Nb Exnsz} x%zw ﬂ@x} He| dgmel A4l
& AIE Holzn Yut. o@ ¥l Nbo} Y7ret
dE Nb A8 AlE® B Fig. 5o 23Xl

I A AS

PN HeEon
T 16IMPag2 ZAEQT
JAZIE 172MPa, Y71t E Nb maje] Q1A7};
T 277MPao) Hl&l Ztzb 8%, 42%7} Attt

gh=elolX7 ks =tE| x| ®M11A M25, 20084 69



Fig. 5 Fracture configuration of transverse weld tensile
samples.
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Fig. 6 Distribution of Vickers hardness across the electron
beam welds for both annealed and cold rolled Nb
sheets.
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