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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 Vacuum  High-frequency
Untreated
process treated treated
Black area ratio/% 2.48 5.04 6.31

Bl 2 RACH AR EPMA T
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%
(6] 61.30
Ce 37.98
w 0.73
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Table 3 Work functions of several rare earth elements and

. . 13
their oxides™!

Rare earth Work Work
Oxide
metal function/eV function/eV
Th 34 ThO, 2.6
Ce 2.9 Ce,05 2.3
La 3.5 La203 2.8
i Untreated
w 2.5F W4 Vacuum treated
% L / ——High-frequency treated
mg 2.0F,
x H Counts+5% 10’
> L5y
i
0.5 Counts-3 X 10°
Cls Ols Ce3d
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Binding Energy/eV
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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 (%)

Vacuum High-frequency
Element Untreated
treated treated
C 34.86 34.49 37.85
Ce 1.20 5.14 7.36
(0] 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 (%)

Untreated Vacuum treated  High-frequency treated
ce*” Ce* ce*” Ce*” ce’” Cce*
33.33 66.67 50.70 49.30 50.48 49.52
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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 (%)

W element Vacuum  High-frequency
Untreated
valence treated treated
wé 38.71 26.08 24.28
w? 61.29 73.92 75.72

TARRESBAT B Ak T AR i Ce
TCE B N AR TT W ) 3 A Ok, o AR AT
20k, FENTCEA . ZSH: 2000 keV; A
% medium; X HFZEEBEELAR 400 pm;  ZPlTEIAR 1
mmx1 mm; &JE W BIEH R : 0.11 nm-s™; ZI bl
[#: 0. 10, 20, 30. 40s.
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Table 7 Etching depth corresponding to different time

Etching time/s Etching depth/nm
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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 \t/?:;g;n Hight_rir;tcéléenc}l
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.9 Fitting results of cerium element peak of electrode after etching: (a) untreated, (b) vacuum treated, and (c) high-frequency treated

HIZE 9 WA, Zeid mdiab B AR I ZI S, Ce™
M SRR, R AR A HR B A W B0

%9 ZIMTEIRE Ce®F Ce* RIEXM S E
Table 9 Relative content of Ce’* and Ce*" at different etching

Tt B S AL B FEAR S e A A R A . WRRT S time (%)

TG BT I E AR, A B S () A TG Te 2 J5 Eching  Untreated  Vacuum treated Hight-fretqléency
RIERANBF, FTCH A R TR HL e, timels  — o o o oo
'%%ﬁ%iﬁﬁiﬁﬂ‘]ﬁ%%i, ﬁﬁ\%ﬁ%%*&?\]%ﬁﬁ?’fﬂ{% 0 33.33 66.67 50.7 49.3 50.48 49.52
e S N S A, LA BS FEU BEUS , BEU 0 al s se1 ase 03 3960
LRI E, A5 A R b R e, ' ' ‘ ' ‘ '
IR TAITE R R G 57, R 200 3867 613353 4T eakz 3508
HIAR R K PR 5 0 T RS B, 8 AR P ) B B o 30 4424 5576 55.01 4499 55.63  44.37
fﬁij}u, jﬁ**}/!*j'gce E@%ﬁ%ﬁﬁ%{;@T%{#o 40 44.14 55.86 53.19 46.81 53.76 46.24
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Effect of Heat Treatment on the Distribution and Valence of Elements on the Surface of
Cerium-Tungsten Electrode

Guo Xiangchao ', Liu Zuojiao ', Li Haibing ', Hu Lili '’
(1. Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)
(3. Hangzhou Institute for Advanced Study, UCAS, Hangzhou 310000, China)

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’" is higher than that
of the vacuum-treated electrode, which is more conducive to improving the emission performance of the cathode.
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