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Summary:

The recent research and development of tungsten electrodes used in TIG

and Plasma technologies are introduced, and the tungsten materials as well

as the effects of rare earth oxides are specially discussed. In W-La2O3,

W-CeO2, W-Y2O3 and W-ThO2 electrode materials, the W-2.2mass%La2O3

electrode exhibited the best properties when the current is of little or middle

volume, and when the electrodes are used in large current, the W-Y2O3

electrode is the best. By a comparative study between the tungsten

electrodes activated with single metal oxides, as above-mentioned, and those

containing two or three rare earth oxides, namely La2O3, CeO2 and Y2O3, it

was indicated that the welding arc properties of the tungsten electrodes

activated with combined rare earth oxides additions is superior than that of

the electrodes containing single oxides as above mentioned. It was also

shown that the operating properties of tungsten electrodes depend

intensively on the rare earth oxides contained in the electrodes, and the

actions of rare earth oxides during arcing are the most important factors to
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the electrodes' operating properties, temperature, work function as well as

the arc stability.
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1. Introduction:

Tungsten electrode is the key component in TIG and PLASMA technologies,

and W-ThO2 or W-CeO2 electrodes are often used. It is well known that

thorium is a radioactive element, and as a result, some radioactive pollution

will be produced during the production and operating of W-ThO2 electrode.

Moreover, the property of W-ThO2 electrode has to be improved to fit the

need of new technologies. Since 1970s, tungsten electrode activated by rare

earth metal oxides to avoid the radioactivity of thorium has been researched

and developed in China, Soviet Union, Japan and so on. W-CeO2 electrode

was developed in Shanghai Bulb Factory in 1973, and it was proved that in

the case of little current welding W-CeO2 electrode can replace W-ThO2

electrode, but W-CeO2 electrode can not fit in with alternating current welding

and large power. In 1990s, a thorough research work of tungsten electrode

added with single and combined rare earth metal oxides was carried out in

Japan and China. In this text, our work will be introduced primarily.
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2. Operating Properties of RE-Tungsten Electrodes:

In our initial work, tungsten electrodes activated by La2O3, CeO2, Y2O3 and

ThO2 respectively were analyzed (1). The results show that tungsten

electrode added with La2O3, CeO2, Y2O3 respectively has some better

properties that added with ThO2. W-La2O3 electrode has the best arc starting

ability in the four electrodes, followed with W-CeO2, W-Y2O3 and W-ThO2 in

turn. It is also suggested that arc stability of W-La2O3 electrode is the best

when the current is of little or middle volume, and when the electrodes are

used in large current, the W-Y2O3 electrode shows the best arc stability.

Based on the conclusions above-mentioned, tungsten electrode activated by

two or three combined rare earth metal oxides as La2O3l CeO2 and Y2O3

were studied. Tungsten electrodes added with combined additions of rare

earth metal oxides exhibit superior operating properties than tungsten

electrode added with ThO2 or single rare earth metal oxides of La2O3, CeO2

and Y2O3 (2). The electrodes activated by three combined additions of La2O3,

CeO2 and Y2O3 show a little better operating properties than those added

with two combined rare earth metal oxides, but it is suggested that the

RE-tungsten electrode materials exhibited superior processing ability (3).
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3. Study on the Effects of Rare Earth Metal Oxides:

3.1. Effects of rare earth metal oxides on the processing of tungsten

electrode materials:

The tungsten electrodes are produced by powder metallurgy and metal

processing technology. The actions of Y2O3 and CeO2 during the electrodes

preparation and the forms of the rare earth metal oxides in the sintered

tungsten rod as well as its effects on the electrode's heat processing were

discussed (4). The results suggest that the growth of tungsten powders and

sintered granularity is greatly retarded by Y2O3, and the hindrance of CeO2 is

comparatively slighter. It was also indicated that tungstates or oxytungstates

are the most phases of rare earth elements in the sintered rods, and its

stability will affect the forming process.

3.2. Analysis of the actions of rare earth metal oxides during

electrode operating:

The surface morphologies of electrodes' tips after arcing was observed by

SEM, and the distribution of rare earth elements on the surface of electrode'

tip was analyzing by EDAX, moreover, OM device was applied in observing

the microstructures of electrode tip's section along the lengthways, and also

the distribution characteristics of rare earth elements in the electrode tip's

surface layer were researched by means of AES.

In the electrodes added by single rare earth oxide as La2O3, CeO2, Y2O3

respectively or ThO2, three zones having different macro characteristics were

observed on the tip surface, and it was also observed that the distribution of
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rare earth elements was different from each other by SEM and EDAX (1).

In the electrodes activated by combined rare earth metal oxides, three

different zones as same as above mentioned was also observed. And on the

same tip surface of tungsten electrodes different rare earth element distribute

differently along the lengthways, the results of AES analysis indicated that

the migrating velocity of rare earth elements was different from each other

(4,5).

4. Conclusions:

As described all the results of the operating properties, the effects of

rare earth metal elements on the processing and operating above. It may be

concluded that tungsten electrode properties can be improved by adding

combined rare earth oxides to tungsten, and W-ThO2 electrode can be

substituted by tungsten electrodes activated by combined rare earth oxides.
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