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Table 1 Atomic sites and coordinates of Smy4Eu3;Bag ;B¢

calculated from the Rietveld refinement

Atoms Wyck. X Y V4 Occ.  Beq.
Sm/Eu/Ba 1(a) 0 0 0 1 1
B 6(f) 0.21 0.5 0.5 1 1

Sy B AE RN T Smy.EuBaBe(x=0.1, 0.2, 0.3)}
B NI (5 BN T AR R . TN, FE 200 em’!
B I /N0, 1400 om' PRI TG 2 06, 3150 B o
WG B LR AFAES FI+2 2 R A, 0 I . Sm A
Sm*". Eu*". Ba®™'.

B2 % Smy,EuBa,Be(x=0.1, 0.2, 0.3) % /i fA 3k
T IE A EDS 23 Hr, W 5 b R I T A7 e /D
AL, BB, SooRSENE 2. HE 2
Sm.,BuBaBs £ SR % 70 2 & m AR LR 2= 5D,
R4 SOy, HalifEAE 99.2% UL L.

L SmggEug Bag Be A1, [l 5b EDS 73 #7455 &
AAEEER Smy Bu. Ba. B AIELHE AN /DH O It
=, 5¢ &7~ Sm. Eu. Ba. B &t E 0 Mtys),
KAIAE TR RENS

ANEBAHI T Smi,EuBaBe B H(0 15 A it Y
W5 6a N SR FELEHI £ SmosEug 1 Bag Bs £ il
BRI s I« UL 6b 22 i bl 1) W 100 2 i B —
LA UL, RALRSTIAE 3 um LR, B4k
SERIBUES, (RIS AT SRR T I — LSRG B, BT
(1 07 2 3 B 2 A T
22 ZRAEAMAFEBF 4R

P B 45 145 1) Smy . Eu,Ba,Be(x=0.1, 0.2, 0.3)%
R 1 S AR WK 3 BT7R. Smy.,,Eu,Ba,Bg
(x=0.1, 0.2, 0.3)Z db A1) B0 BEEIE 96% L) |, HFE

Kl 4 SmocEuo2Bag.Be 1F7 8 Gk

Fig.4 Raman scattering spectrum of Smg ¢Eug2Bag2Bs
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Fig.5 SEM image (a), EDS spectrum (b) and EDS mapping (c) of SmggEug1Bag.1B¢

%2 SmiaEuBaBe(x=0.1,0.2, 0.3)% BIFAILZ K & %3 SminEuBaB(x=0.1,0.2, 0.3) % RIKATIERE
Table 2 Chemical composition of Sm;.Eu.Ba,Bs (x=0.1, 0.2, Table 3 Properties of Sm;,Eu.Ba.Bs (x=0.1,0.2,0.3)
0.3) polycrystal (at%) polycrystal
X Sm Eu Ba B o Relative Vickers Flexural Electrical
0.3 5.82 4.37 4.21 84.80 0.80 " density/% hardness/GPa strength/MPa resistivity/uQ-cm
0.2 8.43 2.72 224 8686 0.85 03 97.1 19.3+1.2 243+16 1964
0.1 13.27 173 1.61 83.63 0.86 0.2 96.2 18.1+0.8 230+12 258+8
0.1 96.4 17.3+0.6 22147 270+6
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Fig.6 Photograph (a) and SEM morphology of the fractured Fig.7 Schottky plots (Ig j-U"’ curves) of the Smo4Euo;Bag;Bs

surface (b) of Smo sEuo.1Bag1Bs polycrystal cathode
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Fig.8 Richardson plots of the Sm 4Eu(3Bag ;B¢ cathode
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Table 4 Effective work function of the Smg4Eu3;Ba(;Bg¢

cathode at different temperatures

Temperature/K Jo/mA-cm™ @./eV
1523 0.34 3.6
1573 0.87 3.6
1623 1.78 3.62
1673 4.57 3.6
1723 11.5 3.58
1773 21.4 3.6
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Preparation and Properties of Sm,,Eu,Ba,Bs; Cathode Materials for Low and Medium
Temperature Use

Zhao Ruishanl’z, Fan Yuchuanl’z, Huang Meisongl’z, Yang Luhui1’3, Liu Hual’z, Fu Zhenl’z, Wen Kangl’2
(1. Hunan Research Institute for Rare Earth Metal Materials, Changsha 410126, China)
(2. Hunan Key Laboratory for Rare Earth Functional Materials, Changsha 410126, China)
(3. Central South University, Changsha 410083, China)

Abstract: High-purity and dense Smi.o,Eu,Ba,Bs (x=0.1, 0.2, 0.3) polycrystals were prepared by a boron/carbonthermal reduction-hot
pressing sintering (BCTR & HP) integrated process. The effect of Eu & Ba co-doping in the SmB¢ matrix on the structure, mechanical and
electrical properties of Sm;.»,Eu,Ba,B¢ bulks was investigated. The results show that the Sm;.,,Eu,Ba,B¢ polycrystals produced by BCTR
& HP integrated process provide a simple cubic (CsCl type) single-phase structure. As the doping amount of Eu & Ba increases, the lattice
constant increases, which contributes to the enhancement of mechanical properties and the decrease of resistivity. The thermionic emission
performance results show that the Eu & Ba doping can improve the emission characteristics of SmB¢ cathodes, and the emission current
density and zero-field current density of Smg 4Eu3Bag ;B¢ cathodes are 35.1 and 21.4 mA-cm under the applied voltage of 1 kV at 1773 K,
respectively. Meanwhile, the average effective work function is 3.6 eV at 1523~1773 K, and it can be used as a “direct heating” cathode
benefited by its inherent high resistivity, which simplifies the heater structure and has great application prospects.

Key words: boron/carbonthermal reduction-hot pressing sintering; Sm;_»,Eu,Ba,Bs cathode; structure; property
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