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Stable emission mechanism of Mo La, s cathode

—Carbonization and emission lifetime

ZHOU Wenryuan, ZHANG Jirxing, LIU Yan-qin, WAN Xiao-feng,
ZHOU Mer ling, ZUO Tieyong
(Key Laboratory of Advanced Functional Materials, Ministry of Education,
Beijing University of Technology, Beijing 100022, China)

Abstract: The lifetime mechanism of Mo-LayO3 cathode was discussed, and the effect of the operating temperature of cathode
and the carbonized ratio (thickness of carbonized layer) on lifetime of tubes equipped with carbonized Mo-Lay05 cathode was ana-
lyzed respectively. The emission can keep stable only when the operating temperature is in range of 1 600 K to 1 700 K and the
carbonized layer must be composed of Mo,C. The results show that the lifetime of carbonized Mo-Lay03 cathode is decided by the
consuming velocity of Mo,C of the carbonized layer of cathodes. The Mo,C is consumed as reducer for La,O3 and vaporized after
decomposition during the working time. At 1 673 K, The consuming velocity is 1. 21 x 10™ " g/ (cm?®s) . The stable emission life-
time of tubes equipped with carbonized Mo-LayO3 cathodes can exceed 1000h if the carbonized ratio is above 15% .

Key words: Mo-La,0; thermoinic cathode; carbonization; emission lifetime; mathematical mode

20 4 70 E4R, ik BBC AR A kil AR EHAE TARR AR RS ERK  Pu
TRIVRAE Pt Re S5Mi T 51 &R M0 Mo Lay0s B B¢ . JUss FaRhitEre i, 42 B A 0O Mg 3

O HEEWH: EHEKESEEMBTRR R % BH (G1998061316)
AR H 3H: 2003 - 09 —12; &7 H#H: 200401~ 28
YA ASCIt(1970 ), 5, EEwrReL.
WRME#: B3Cot, HiE: 010~ 67392169; E-mail: zwy@ emails. bjut. edu. cn



. 086 - A (6 4 R 2 4R

2004 4F 6 H

F— R W-ThO, [ GV LWL s, 51 T &
WL T & ZAM BB TAE 3 IR . 1980
4, Goebel 2513 YEAT T MorLa05 250 A 72 42 K HE
WA & T AU LaBs BB, KIL Mo Lay05 Bk
RSB HLRAE R 10 h J5 A I8 B — M BUE, 1 H.
Bt I TR B 13— P SE (100 h) , & 5 HL 9t H B0 32 Ok
IS, 1985 AFAhATT SR KT AR Mo LaxO5 BH # 7 3t
AT THERY, #I&H T EHAN 76 mm | JEE N
64 mm [ B BLAR A BB, XA BIARAE 1 973 K
RSB IE 11~ 12 A/ em® . HFFTEE R KW,
Mo LayO5 # R ik A Z 15 0« fokL g5 R
B TG 2R IR B R 0 RN B AR ) R S 1 R AR EE KR
Wi, R B A R TR B 4K 2 2 5% W Mo Lay O3 AR )
KNG TE PR R S A3 ar R S B R .

Mo LayOs5 [ 2R A A BB O 5 ERA
JBUR PRV G4 1 W-ThO, 4 6} 1 581 — 4K 2 BH Al A4 K}
EhTHENREEEZE . THEREEEZE . Aok
LR, MoLa03 RS R EIEHA T NA .

1 &t Mo La, Os [ ) 73w LB

KT MoLay0s B W% 9 # o 7 & S pL 2,
Buxbaun 251> 13\ K55 W-ThO, [k 1 SR - AL AR
A, B3 Jo— 5 J 7 R R T A . AT B
WRAE TAE 2 o # - E AL DI Bk AL 2 T E) Mo, C ik
J RGBT - La, #5057 La Ji 3£ B Al R 1 52
AN S A, 7 B AR AR TR B JE B R T
5, AR E — R, BT RO BETE
2 FAN N, MoLay05 FIMAE TAERE R,
Lay03 2 AN AER Moy C 38 J5 ), (H A 1738 i i i XPS
1 AFM 25 5256 W 52 B 7E Mo-LayO5 B H & 5 i 45 48
FAGH H B, kT T AR A ) AR Aok T (T
i) ” B

DL b P A 156 R A R, MorLaxOs B AR AE T 4E
INF, BHAR A AR R 3% P 56 ) o H) 2 12 7E Mo
Lax03 BAMR BT RS AR S AR e e B R &=, 2 AR
1IE Mo~ LaxO3 4% L 7~ A 5 R AR 5 1 AR i ik 74 iy Y
i

WAk Mo-Lay03 IR AR, BAAR 557 La 1)
Fe A J7 AUAT Be A DA A T 2

3Mo,C+ 2Lay0;=

4La+ 6Mo+ 3CO, (1)
3Mo,C+ LayO3=
2La+ 6Mo+ 3CO (2)

FRAE B4k 22 5 17 %% 1 Gibbs-Helmholz [ H 877
=

N C(T ASC(T
Ink = — RT( o | R( s (3)
[iii}
M C= Yo HE- D ~HP (4)
AS ©= Zni'Sie— an'Sk@ (5)

X RORERY; b RN .
RBE(1) ~(2) FRYIFR M AH © . AS OFT
FHAET M A, RE(4) M(5) TR, RNM(1) M
(2) BIFAT 2 R H 53 ) A
A = - 110.25 T+ 40.04x 107 > T
6.86x10° °T°- 36.24x 10° T~ '+
4309 507. 95

AS{7= — 110.25% In T+ 80.08 % 10" * T'—
10.29x 107 77— 18.12%x 10° T~ *+
1714.15
Ay p= — 74.51 T+ 22.59% 107 7%=
3.43x 107 ° 77~ 46.74%10° T~ '+
2 497 600. 68

ASyr= — 74.51x1In T+ 45.18x 107 ° T -
5.15% 107 ° 7%= 23.37x10° T~ *+
1 241. 69

UL BRI ER RN (3), BT sRkE LR

R AEA R N PR k, tTHEARNER 1.
1 ORM() (2 KIPHT Rk
Table 1 Equilibrium constants
of reactions (1) and (2)

T/K ky ka
1 500 7.644 49x 107 % 8.598 55 x 107
1 600 1.096 29% 10~ ¥ 1.595 49% 107 %
1700 1.296 67x 10~ 7 7.020 79 x 10~ *
1 800 1.91962x 10" 9.321 9% 10” %
1 900 4.94287x 10" % 4.516 05% 10~ %
2 000 2.879 69x 10~ % 9.291 77x 10~ %
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Table 2 Equilibrium vapour pressure of

lanthanum in reactions (1) and (2)

T/K piy pid

1 500 4.05797x 10" 1.237 48x 107 °
1 600 8.248 81x 10” 1.400 34x 10~ ®
1 700 1.17399x 10° " 1.18832x 1077
1 800 1.241 67x 107 © 7.935 16x 1077
1900 1.022 89x 107 ° 4.331 18x 10" ¢
2 000 6.814 78 x 107 ° 1.991 93x 10”°
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Table 3 Consuming rate of Mo,C and LayO3
of carbonized Mo-LayO3 cathode

K v(MogC) / v(Lay03) / t(Lay03) /
(gram s (grem 257 ") h

1 500 2.20128x107°  9.999 26x 10™ 6 944 957
1 600 2.41187%x100%  1.09559% 1078 633 855
1 700 1.98558x10°7  9.01947x 10" * 76 994
1 800 1.28855x10°°  5.8532x 107’ 11 864
1 900 6.84558x107°%  3.109 59x 10" ° 2233

2 000 3.068 6x107°  1.393 91x 107 ° 498

v(MoxC) is consuming rate of MooC; v ( Cax03) is consuming rate of LaxO3;
t(Lay03) is lifetime of Lay0s.
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Fig. 1 Decomposing rate of
Mo,C at high temperature
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Table 4 Decomposing rate of Mo,C

at different temperatures

T/K mal g val (g*am™ o5
1473 6.09%10°° 5.17x 1078
1573 1.079% 107 ° 9.16x 1078
1673 1.42% 1073 1.21x 107
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Table 5 Influence of carbonization ratio

on stable emission lifetime

Th

& % H/VPm
1473 K 1573 K 1673 K
5 16. 177 16 1144.148  645.769 1 488.8
10 32.91426  2288.296 1 291.538 971.7
15 50.273 83 3432.444  1937.307 1 466. 6
20 68.33095  4576.592 2 583.076 1955.5
25 87.177 14 5720.74 3 228.845 2444.3
30 106.9259 6 864.838 3 874.615 2933.2
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