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Abstract

　Products containing thoria have been heavily regulated and demand for thoria-free materials has 
increased. As an alternative material for tungsten containing thorium oxide, we have developed  
"NEO-TUN", tungsten containing neodymium oxide, and obtained good results of it in consumption and 
lifetime evaluation tests as a welding electrode and a discharge lamp cathode, respectively.

　Th を含有する製品の規制が厳しくなり、トリアフリー材の要望が高まっている。酸化トリウム入りタングス
テンの代替材として酸化ネオジム入りタングステン “ ネオタン ” を開発し、溶接電極としての消耗試験及び放電
灯陰極としての寿命評価試験において良好な結果が得られた。
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1.Introduction
　Thoriated tungsten (ThO2-W: tungsten containing thorium oxide) has been used for arc generating 
cathodes such as discharge lamps. However, radioactive materials containing Th have been heavily 
regulated in recent years and it is getting difficult to store and transport products containing Th, and thus 
demand for thoria-free materials has increased. As other thoria-free materials, CeO2-W (tungsten 
containing cerium oxide), La2O3-W (tungsten containing lanthanum oxide) and Y2O3-W (tungsten 
containing yttrium oxide) have been developed and used. However, tungsten containing thorium oxide 
still has superiority over them in cost and performances until now. This time, we introduce various 
characteristics of "NEO-TUN" (Nd2O3-W: tungsten containing neodymium oxide) that we have developed 
as an alternative material for tungsten containing thorium oxide.

2.Experimental
　We selected relatively low work-function rare earth oxides (CeO2, La2O3, Pr6O11, Gd2O3, Dy2O3, Sm2O3, 
Nd2O3, Y2O3, Lu2O3 and Tm2O3) and evaluated their characteristics with two different amounts of 
additive (2 and 5 vol%). Samples were fabricated by HIP (Hot Isostatic Pressing) method (pressureless 
sintering → HIP).

2.1 TIG consumption test

　TIG consumption test was conducted in accordance with Section 5.3.2 Arc Test for Electrode Negative 
of JIS Z3233 Tungsten Electrodes for Inert Gas Shielded Arc Welding, and for Plasma Cutting and 
Welding under the conditions shown in Fig.1:

Fig.1 Schematic diagram of TIG consumption test

2.2 Life test for discharge lamps

　We conducted a lifetime evaluation test by producing super-high pressure mercury lamps (Fig.2) using 
rare earth oxide-added samples made of tungsten as a cathode, measuring UV intensity of it and 
observing the amount of change.
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Fig.2 An super-high pressure mercury lamp
(250W, 6A, cathode diameter: φ 2.5mm)

3.Results and Discussion
3.1 TIG consumption test

　Fig.3 shows calculation results using the difference between electrode weights before and after the 
discharge as consumption. In Fig. 3, W means Pure-W, and Traditional Th-W and Traditional Ce-W mean 
conventional products. The consumption became lower when adding 5 vol% Nd2O3, Sm2O3 and La2O3, 
respectively, and NEO-TUN has a wear resistance equivalent to thoriated tungsten.

Fig.3　TIG consumption test outcome

3.2 Life test for discharge lamps

　Fig.4 (a) shows the change in amount of ultraviolet light when continuously using super-high pressure 
mercury lamps for 200 hrs. The score of amount of ultraviolet light is assigned with a score of 1 
representing 0 hr of lighting time. Sm2O3 (2vol%) and Nd2O3 (2vol%) show less decreased ultraviolet light 
than that of a conventional ThO2 (2wt%) electrode. Fig.4 (b) shows results of a life test for Nd2O3 (2vol%) 
up to 1,000 hrs. Nd2O3 (2vol%) maintains 90% or higher of output even after 1,000 hrs, i.e. excellent as a 
cathode material of a lamp.
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(a) Up to 200hr (b) Up to 1,000hr, Nd₂O₃ (2vol%)
Fig.4 Change in the amount of ultraviolet rays (Measured by an ultraviolet meter, TOPCON UVR-2)

　Fig.5 shows temperature at the electrode tip and Fig.6 shows an enlarged photograph of each sample 
(after discharging for 200hr). Whereas electrode tips of Pure-W and Sm2O3-W are greatly deformed by 
melting, Nd2O3 is less deformed like ThO2 and might have similar discharge performance.
　In addition, Sm2O3 (2vol%) showing a less decreased amount of ultraviolet light tends to have lower 
temperature at the electrode tip than that of Sm2O3 (5vol%) showing a more decreased amount of 
ultraviolet light. Therefore, it is assumed that power reduction is suppressed.

Fig.5 Temperature at the tip of the discharge lamp cathode
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Sm2O3 (5vol%)-W Sm2O3 (2vol%)-W
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Fig.6 Tip shapes of discharge lamp cathodes (after discharging for 200hr)

4.Conclusions
　“NEO-TUN” can be used for discharge lamp cathodes, plasma spraying electrodes, plasma electrodes, 
etc. and its electrode performance is the same or higher than that of a conventional material, ThO2-W 
(tungsten containing a thorium oxide). Furthermore, “NEO-TUN” can be easily handled as a thoria-free 
material and the lifetime of an electrode is expected to be longer.
　Moreover, by combining with our company’s proprietary technology, NDB method (Non-Defective 
Bonding without any brazing filler metal), the electrode performance and the lifetime are expected to be 
improved and longer, respectively.


