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Fig.1  OM images of electrode surface after polishing: (a) untreated, (b) vacuum treated, and (c) high-frequency treated 
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Table 1  Analysis of two phases on electrode sample surface 

Electrode treatment 

process 

Untreated 

Vacuum 

treated 

High-frequency 

treated 

Black area ratio/% 2.48 5.04 6.31 
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Fig.2  EPMA image of the untreated electrode surface 
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Table 2  EPMA analysis of dark gray area on electrode surface  

in Fig.2 

Element at% 
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Ce 37.98 

W 0.73 
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� 3  Ce-W �[��A� 

Fig.3  Ce-W binary system phase diagram
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Table 3  Work functions of several rare earth elements and  

their oxides

[13]

 

Rare earth 

metal 

Work 

function/eV 

Oxide 

Work 

function/eV 

Th 3.4 ThO
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� 4  �67E/0672�367V"<WX XPS�O 

Fig.4  XPS full spectra of untreated, vacuum treated and high- 

frequency treated electrode surface 
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Table 4  Relative content of each element on the electrode 

surface of untreated, vacuum and high frequency 

treatment (%) 

Element 

Untreated 

Vacuum 

treated 

High-frequency 

treated 

C 34.86 34.49 37.85 

Ce 1.20 5.14 7.36 

O 41.81 33.23 35.94 

W 22.13 27.14 18.85 
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Fig.5  Ce element XPS spectra (a) and peak fitting results (b~d) of three electrode surfaces: (b) untreated, (c) vacuum treated, and      

(d) high-frequency treated 
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Table 5  Valence distribution of cerium element on the surface  

of electrodes (%) 
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Fig.6  W element XPS spectra (a) and peak fitting results (b~d) of three electrode surfaces: (b) untreated, (c) vacuum treated, and  

(d) high-frequency treated 
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Table 6  Valence composition of tungsten element on three  

electrode surfaces (%) 
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Table 7  Etching depth corresponding to different time 

Etching time/s Etching depth/nm 

0 0 

10 1.904 

20 3.808 

30 5.712 

40 7.616 
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Fig.7  XPS spectra of cerium element in electrode samples etched for different time: (a) untreated, (b) vacuum treated, and  

(c) high-frequency treated 
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Table 8  Relative content of Ce 3d element after etching for 

different time (%) 

Etching time/s Untreated 

Vacuum 

treated 

High-frequency 

treated 

0 1.20 5.14 7.36 

10 2.97 3.92 11.75 

20 3.15 2.78 6.58 

30 3.02 2.62 5.43 

40 2.97 2.81 5.08 
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Fig.8  Concentration-depth analysis of Ce element in electrode 
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Fig.9  Fitting results of cerium element peak of electrode after etching: (a) untreated, (b) vacuum treated, and (c) high-frequency treated 
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Table 9  Relative content of Ce

3 +

 and Ce

4 +

 at different etching 

time (%) 

Untreated  Vacuum treated 
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Effect of Heat Treatment on the Distribution and Valence of Elements on the Surface of 

Cerium-Tungsten Electrode 
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Abstract: Two different heat treatment processes, namely vacuum high temperature and vacuum high frequency, were used to pre-treat 

cerium-tungsten electrodes for high-power pulsed xenon lamps. The metallographic morphology, concentration-depth distribution and the 

evolution of valence state of cerium element of the cerium-tungsten electrodes were studied by metallographic microscope, electron probe 

micro-analyzer (EPMA), and X-ray photoelectron spectroscopy (XPS). The concentration-depth distribution of the elements was studied to 

analyze the mechanism of the diffusion and enrichment of the cerium element in the electrode sample, and the effect of the heat treatment 

process on the emission performance of the cerium-tungsten electrode after lamp manufacture was clarified. The results show that the 

content of cerium on the surface after high-frequency treatment is as high as 11.75%, and the relative proportion of Ce

3+

 is higher than that 

of the vacuum-treated electrode, which is more conducive to improving the emission performance of the cathode. 

Key words: cerium-tungsten electrodes; pretreatment process; surface morphology; emission performance  
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