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Fig. 1. The micromorphology of the tungsten powder with diainéter\of 5.6 pm.
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Table 1. Parametric factor level

K (A) HEHIE (B) i%##%/ g min™ (C) #HA/ Lmint

1 T 25 2.5
2 Hh (] 5 4
3 v 8 6

TEASSEE R A LOGBYBIER R, SR REE4RWE 2 PRk, £ A B, CHINE 1
[ =Fhsgmi R 2R . Ki(i=1, 2, 3), RosE—FUKT-5 0 0 B, xRk SIS . R ik,
R = max{Ky, Kz, Ks}-min{ Ky, K, K3}, R#EK, ZHFRMEE, 20 LA, HREIEM
WA TR, PR FER R R, HIRREmE, a8 AnE. K 2 R Bk
BT S G VR IERAL JE R R RTE SR, W] LR A A IR A TP 3R A AN R (R R 3

R 2 \ER ST RM L
Table 2. The results of orthiogonal experiments
LS A B € DRPIE S Bk
1 T s 2.5 2.5 Al1BIC1 100%
2 T s 5 4 A1B2C2 95%
3 Wik 8 6 A1B3C3 50%
4 G 5 2.5 A2B2C1 75%
5 R 8 4 A2B3C2 30%
6 1] 2.5 6 A2B1C3 90%
7 R 3 8 2.5 A3B3C1 1%
8 R 3 2.5 4 A3B1C2 3%
9 R 3 5 6 A3B2C3 1%

K1 2.45 1.93 1.76 - -
K2 1.95 1.71 1.28 -- -
K3 0.05 0.81 141 - -
R 2.39 1.12 0.35 -- -
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Fig. 2. The mi hology of the power prepared using different spheroidization processes.
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Fig. 5. The micro morphologies at different m Q{ﬁ{gtio s: (a) and (b) aluminate precursor prepared by solid
phase method; (c) and (d) alumini%i sor prepared by liquid phase method.
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3) N+S. S+S Bl SCL X K424 7]y 1.25 F1 1.37, 1050 °CHJ joev 735N 6.6 A €m™
16.96 Aem?, FEBMECGIERSSIE BIERE, BRFEEREAHE. S+L MK SCL XK
%)y 1.44, 1050 °CT ™ jorv 5 21.2 A em?, i T S+S MG, 48R Eh 10 okt 6 15 4 5t 1
SIPEAT L IR B A 2 T R AR

4) KA F IS IS T RS 2R S S+L BIRAE 1000 °CHYSERRIR 22t
HIZRAHWI £, UE WAV B AR R S AR 4 S 1) 42 Jd Ao TR S ERIS, Ba-O ik T2 S T ilds
IR TR EE R, R R e B RS, Ba R 1A B AR IR
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Improvement of barium tungsten cathode and investigation of thermionic emission

performance”

Shang Jihua Yang Xinyu® Sun Dapeng Zhang Jiuxing'"

(Hefei University of Technology, Hefei 230009, China)

Abstract

The Ba-W cathode consists of the porous W matrix and the aluminate. During
cathode operation, the Ba atoms are generated in the pores by the thermal reaction
between the W and aluminate, and then diffuse along the pore channels to the W
surface to lower the work function. Therefore, the Ba yield and the Ba,diffusion are
significantly influenced by the micro pore structure of the matrix_‘and the phase
composition of the aluminate.

Firstly, the matrix is fabricated with the narrow particle size distribution powder by
spark plasma sintering (SPS) technique, which shows the narrow pore size distribution
(FWHM=0.43 um). Then the spherical powder with good/fluidity and high tap density
is prepared using RF induction thermal plasma</Thel matrix prepared with spherical
powder exhibits narrower pore size distribution (FWHM=0.4 pm), smooth pore
channels and good inter-pore connectivity./The two matrixes prepared with narrow
particle powder and spherical powder are named N-matrix and S-matrix, respectively.

The aluminates are prepated using the solid phase method and the liquid phase
method, respectively. The patticles of solid phase aluminate precursor come in all
shapes and all sizes; while the particles of the liquid phase aluminate precursor are
uniform in size and’'samexin shape. The phases of the solid phase aluminate and liquid
phase aluminate’.are ‘analyzed by XRD, the results show the former consists of the
effective BasCaAl,O; phase and other impurity phases, while the latter consists of two
effective phases of BazCaAl,O; and BasCaAl,O1,.

The N+S and S+S cathodes are obtained by impregnating the N-matrix and the
S-matrix with Solid phase aluminate, and the U-j characteristics of the two cathodes
are investigated. On the double logarithmic curves of U and j, the slope of 1.37 in the
space charges limited (SCL) region for the S+S cathode is higher than that of 1.25 for

the N+S cathode, so the S+S cathode exhibits better emission uniformity. The current
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densities at the deviation point (jogy) of the N+S and S+S cathodes are 6.6 A €m™ and
6.96 Acm? So the improvement on the matrix obviously raises the emission
uniformity of cathode, but the current density is raised few.

Based on the excellent matrix of the S+S cathode, the S+L cathode is obtained by
improving the aluminate of the S+S cathode with Liquid phase aluminate. The U-j
characteristics shows the slope of the S+L cathode reaches to 1.44, and the jpgy is 21.2
A €m™. So the improvement on the aluminate not only increases the uniformity, but
also raises the current density.

The study shows that the U-j curve calculated by the classical thermianicgmission
(TE) theory agrees well with that of the S+L cathode at 1000 °C, which indicates that
Ba-W cathode follows the classical TE theory rather than other emission-theories, and

the Ba-O dipole layer just changes the work function of the cathode.

Key words: Barium tungsten cathode; Spark ‘plasma sintering; Spherical

tungsten powder; Thermal emission characteristics
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