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The Emission and Life of Oxide Cathode Prepared

under Varied Conditions

By Kenji Kitagawa
Mobara Works, Hitachi, Ltd.

Abstract

In an effort to improve the quality and efficiency of the oxide cathode, the
writer studied the emission and the life of emission paste prepared under varied
conditions. Many experimental results show that the external conditions for
the oxide cathode, such as the manufacturing conditions or test conditions, play
an important role in determining the emission and life of the oxide cathode,
and that the success of manufacturing process of the emission paste is in-
fluenced by the quality of the component parts of the electrode and the method
of their treatment, the method of exhausting and activating, etc. When this
fact is taken into account, the present confused situation that different results
have been obtained by different researchers, and that there is not yet establi-
shed a definite relation between the emission and the crystallographical structure
of the carbonates, may be explained without contradiction.

Also the writer revealed that his experiment on the mechanical mixtures
of Ba-Sr carbontes ended to suggest that many a study which is now in general
recognition of phycical field for its validity should remain to be proved.
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Table 1. Composition of Ba-Sr Mixture in the Emission Maximum
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| | Ba | ST
Arnold 1920 100 | 0 | HEILWMIBL Ba & Sr OXEARANEG
. 19 8 15 | BaO Mo =3vs =iz Ba b Sr o%enfiis ok
! 1927 | 15 85 - 0% 70%
Benjamin, | 1933 | 37 \ 63 | N
Widell, i 1940 | 75~25 ‘ 2B~T5 M -
Huber 1941 | 55 | 45 : x3Ivray 7x10-4Ajcm?2 (640° K)
Veenemans 1943 i 25 75 ‘
Widell, b 1950 30 ‘ 70 xIVar 8A/cm3 (1,030°K) -
2 2 % = I v ¥ 3 ¥ N &K K & % Ba, Sr,Ca o B 4 K
Table 2. Composition of Ba-Sr-Ca Mixture in the Emission Maximum
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Ba | SI’ ! Ca (A/Cmg) (OK)
Huber 1941 | 10~70 | 90~30 4105 660 N Ba, Ca — i hmik
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Table 3. Chemical Analysis of Nitrates of Alkaline Earth for
Manufacture of Oxide Cathodes
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Table 4. Spectro-Analysis of Sleeve
2R i 5 Al | s | W | Mg | C | Mo | Mn Fe Cu
Ca 40— 2 ~0.4 0.03 tr <0.01 | tr s ‘ 0 0.04 tr
Ca 50—12 0.03 0.04 tr 0.08 ‘ tr <+ ! 0 0.05 tr
Ca 60— 8 ~0.5 0.04 tr | <0.01 | tr i ‘ 0 0.06 tr
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Table 5 Emission Characteristics of Ba-Sr Mixtures
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oF % = e | | 1 | Is(BaO) | Is (SrO)
BaO StO | BaSrO ﬁ(DKF{ I S W % % | BaO | SO 1s(BaSeO) Is(RarO)
Benjamin, | 1,020 i =R : S 3% 63 | 010 | 0.01
Veenemans | i | 25 | 75 | 0.18 0.05
Huber 0.6 i 4X10-3 | 6 1,020 ‘ Z IR R S 5 45 | 0.10 | TX1074
Widell, 0.8 | 0.8 ! 8 1,030 13,000 ! A A A E 30 70 0.10 0.10
Widell, 0.6 | 0.7 2 1,030 | 3,200 | % o R % ; 3% 0 | 03 0.3
Widell, 4 06 | 06 | 1.2 | 1,030 | 2,400 | A A A 3 | 30~80 | 70~20 0.5 \ 0.5
Widell, | 024 | 0.3 ‘ 0.6 | 1,030 | 1,600 2 A =& 3k ! 10~80 90~20 0.4 0.5
E 2 4% ‘ 0.4 \ 0.4 | 0.8 | 1,050 | 2,000 | % o R 3K \ 60 0 | 05 | 0.5
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Fig.1. Emission Current and Size of Carbo- Fig.2. Life Characteristics as a Function of
nate Particles as a Function of Com- Composition of Ba-Sr Mixtures (Test
position of Ba-Sr Mixtures (Test Triode)
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Table 7 Emission and Life of Mixed Crystals (BaSrCa)O as a Function of
Composition (Test Triode)
YV b & F Y a8 ‘ (g —5V) o F R D | . % @ @D Aom 35 @
x | o x® - e« | = o e : x o ‘ x a
Ca 10 584 | 129 0.25 0.07 0.19 0.14 714 440 566 | 328 630 | 356
Ca 20 595 108 0.29 0.05 0.20 0.15 *343 286 505 366 43 | 348
Ca 30 504 148 0.25 i 0.09 0.23 ' 0.30 415 340 | 615 519 546 | 472
Ca 40 %466 37 0.21 0.04 | ¥%0.52 0.17 %310 | 439 | 432 | 389 337 314
Ca 50 540 39 0.28 0.03 | 0.12 0.05 590 548 989 | 079 ¥1,179 o61
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Ds5 | 533 | 35 0.35 |  0.10 0.24 0.28 | 1,914 %0 1,480 454 | 1,735 550
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Table 8. Composition of Ba-Sr-Ca Mixtures for Manufacture of
Oxide Cathodes of Test Triode
Fﬂim‘”’ s - Cav Calo | Ca Ca-30 Ca40 | Ca-=50 Ca-60 Ca-70
= /L h__“'““:h-- ; PR g - el e | B 1 o
| l l
Ba | 53 | 45 40 35 31 28 | 26 24
[
Sr | 47 | 40 35 30 27 26 23 21
Ca 0 | 15 25 | 35 42 46 51 55
| | |
) (1) #E#H NazCOg,, BEHEE 60°C
(2) X#Erossicn Ca-0~Ca-20 i pnilofsis, Ca-30~Ca-70 B E AL FATo 2  ofgsarnAsAbn b,
# 9 % Ba, Sr,Ca=Znxm@BBE o = 3 v v a v £ i (EiEoRE)
Table 9. Emission Characteristics of Oxide Cathode, Consisting of Mixed Crystals
(BaSrCa)0O, as a Function of Composition (Standard Diode)
R & M (ea) R 1 Gl | maye ‘
W A _ HRREH AV-7
| Ba | Sr | Ca x | o X o x s |
. s | 3 | 48.1 2.8 | 423 | 194 | 294 | 0.76 | (1)
52 i 8 | 0 | 41.8 2.96 2.9 | 0.6l 50 0.90 | 8 | (1)
o - | ] __I | ) I | N o N IS .
; 56 | 37 | 7 46.6 1.67 40.0 | 3.35 3.30 1.68 10 i}: (1)
57 39 4 47.3 2.10 0.4 | 2.79 3.45 1.11 10 i (1)
= = —| . B . === — : = = }' - S
; 56 | 31 13 44.9 210 | 371 5.13 3.88 | 1.67 8 TE (1)
52 | 48 0 45.3 3.27 | 38.5 4.20 3.37 | 0.46 X (1)
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Table 10. Composition of Ba-Sr Mixtures for
Manufacturing of Oxide Cathode,
Consisting of Mixed Ba-Sr Carbo-
nates or Mechanical Mixture of
the two Carbonates

g Y = ' i —. | Ting
' M 73 D73 | M55 | D55 | M37 D37
Moe 1) | N N -
. [ | '
Ba 70 : 70 50 50 | 30 30
ST 30 | 30 | o0 50 70 70
ﬁ'"'( i o (2) B A l H it 1 ; | VB A
£ < | 1B 4 3R B ¥
j: i T H; _ =) | = | .
(F) (1) =ik
(2) Al NagCOs, jEEHEE 80°C

(R — MR )

Mixtures of the two Carbonates after Having Finished the Exhaust-
ing Processes (Standard Diode)

T~ % #| ImA) (E;=6.5V) I, (mA) (Eg=4.5V) 4I, (mA)
| = : == e R B
a YV | '~-i X a X i g X a
M 73 | 47.1 3.37 39.0 | 9.87 | 3.70 3.20 8
D 73 46.6 2.09 %%24 .8 '. 10.1 10.9 4.35 | 8
M 55 45.6 4.82 39.2 7.08 3.17 2.08 9
D 55 46.8 1.49 32.1 ‘ 8.75 #4733 4.48 9
M 37 47.0 2.70 35.0 12.7 6.00 6.46 8
D 37 | 45.6 1.93 33.4 8.95 6.12 4.78 8
woa B Om E* 46.6 3.86 37.8 10.2 4.25 4.42 { 25
#* W B m 46.4 | 1.92 #%30. 2 10.0 18.10 4.95 25
@) (1) *: M73 & D73 @, M55 & D55 [, %xi2iRs f%“f@rﬁa;@m&@iﬁ%ﬁ@ﬁmr 5% LITOMMREBCHEENDD,
T: M73 &£ D73 |8, M55 & D55 [, & 7iRgKERE L LILKEBER ORI 1% EITOEBRBTCHAEEND S,
(2) *: BamEmdE.... (M73-M55+M37), itHEme. ... (D73+D 554D 37)
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Table 12. Emission Characteristics of Mixed Ba-Sr Carbonates and Mechanical
Mixtures of the two Carbonates after Having Finished the Ageing
Processes (Standard Diode)
%ot I, (mA) (E;=6.5V) I, (mA) (Ef=4.5V), ‘ 4I, (mA)
S —— | | | - R OE B
v Y L X o | x G ‘ x i g
M 73 44.6 4.20 41.4 2.90 1.65 | 0.58 | 8
D 73 43.3 4.20 35.2 0.5 | £10 | 5.18 | 8
M 55 41.2 1.67 38.8 2.18 1.22 0.54 9
D 55 44.0 3.00 | 38.3 5.79 2.83 2.82 9
M 37 41.8 5.50 | 39.6 4.33 1.06 0.47 8
D 37 41.5 37 | 37.6 4.03 1.94 1.15 8
- R . | o B gl = 0 -
koA Rom o 42.5 128 39.9 3.38 1.31 | 0.59 25
- N _ B na
%k W Ok B OB\ 43.0 3.76 | 37.0 7.35 %2.91 | 3.56 25
T (1) *: zﬁl%ﬁ%@ﬁmﬂra 6% B> F-@fu BB COHTAEND D
(2) =D>IHlF Ef=7.2V, E,=0V, 1h
#13 F HRUREBELREREBED =3 v v 5 vl X O af5E o ik (BIE=pE)
Table 13. Emission and Life of Mixed Ba Sr Carbonates and Mechanical Mixtures
of the two Carbonates (Test Triode)
‘ A ke 4 ' - A m
\4:’1' i & ;{g"{}) I, (A)(Er=6V) | “ "™ (E;=5V) gn % @ () | I, % 6 (h) o } % @ (h)
| e e ) . e F - cll Sl | SRR
IR \ X G x| ¢ | x o x o X b ! x g
M 37 503 95 (.24 0.07 0.10 | 0.04 ¥%44() 290 %%350 300 | **640 | 280 8
D 37 610 43 0.29 0.03 0.11 | 0.14 *%640 130 *%380 190 *T10 | 210 9
M 55 518 114 0.38 0.03 | 0.26 0.17 2,080 1,070 1, 690 880 2,080 970 | 9
D 55 | 533 35 0.35 | 0.10 0.24 | 0.28 1,910 760 1,480 450 1,730 550 7
M7 610 | 33 0.38  0.05 0.08 0.07 ¥1, 270 470 1,160 350 | 1,250 400 10
D73 | 617 | 49 ' 0.39 | 0.03 0.09 0.08 %990 ‘ 800 960 750 | 1,050 800 8
A e ‘ 566 79 0.38  0.05 0.16 0.16 1,670 920 | 1,430 720 | 1,670 850 27
FE L IR TR | 578 L 60 0.37  0.08 0.16 0.21 1,450 910 1,220 670 1,390 770 24
() *: D55 cf)H—rf L 5% in_F@fI_.Lﬂfr%’T_Cﬁ“n &wau
*¥: D55 DML 1% DITOfBERCHEETH D,
L}i::ﬂlk i O[] V2 ;i'_m.. & e, v, LAxL7adind {L jlrL[ [;'1“ 4 14 7% ﬁ?‘x}ﬂi@himt fILmJ_QE&j D=x—J ST
. i BE 4 = oot ,.a!if};
D\ "i})’z‘ffr/ : ﬂj ] BaO ¢ )lliL. - JL IIUL D J&”/rn tn {_,z‘) kf ] @-H:ﬂl& (niﬁ: j:“j_ E.—)
Table 14. Ageing Time of Mixed Ba-Sr
i, BaO X SrO O f71k#s 50 %} 50 Hhh NS ffﬁ"lc S0 : .
o = S o Carbonates and Mechanical Mix-
3 92 < BWIID e J8EIA-ES Z
. Bal 7 % HWILEOTHHGRFNTHS tures of the two Carbonates (Test
0% BELLRDELELLIEGEM IS, TOXS Triode)
_;_.l__ 2!‘-1 1.;. n e 1 A‘v {) == t, / =
L MY ~ re IJ K i o SRS & >
i AVIHTET & 2 < [FERTH % T
PERBE T IRBRE D = 3 v & 5 v OMRGEL & L CRER e ¥ ® o8 - R i PR &
S B i O o 0 R B o B e e = + ~ - ] I X
Jfr'r‘uur';’-rr.fufru._naz.ﬁﬂu,a, RG22 ET 52 L, HH0IET0 - = A ]
T D S I L g M 37 20 100
IO ERs G O ML 2D o4 v 2 & g A8
] | D 37 25 100
19, D, BORBF LTV 55, bhbhoEEREBC S— - e —
‘ M 55 25 100
s Al 0 B sl |;1 ’ 2 e e el 6 B LA
L DX )T RRETRED Lol LA D 55 50 100 7
S U 72O oo e R B - itk 0 PféiJ cd LY GGERE - s
s Bait e g N i M 73 30 100 10
HZERTCHER OZ for"f”Un_ L 72), JxcB&IE 7 fEDH AR s D 73 15 20 8
b — & (BHZEE A LIS EEDEe B A 5 "
L ”"lf_L (11 PR ‘ (F) WEHEAPEESIZ 2D & coOEfErE J?‘?::f--::f:/;’f‘libﬁiﬁla’;ﬁ-?fﬁ
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Fig.5. Time Variation of Emission Current
of Mixed Ba-Sr Carbonates and
Mechanical Mixtures of the two
Carbonates (Test Triode)
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Fig.6. Curves Showing Decomposition of
Mixed Ba-Sr Carbonates and Mecha-
nical Mixtures of the two Carbonates
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Table 15. Size and Shape of Carbonate
Particles as a Function of Com-
position of Ba-Sr Mixtures

TR & D73 D55 D37
Ba: Sr (& 9 - 70:30 50: 50 30:70
| | it |

w ome | B o5y || oo | 02
3 %M T S
iR s | REER | =R
et H % 0.5 | W& 0.2
Eo LY } E 15 | & 0.5
s Bokr - | | | ==
IR — | &t ke

‘ Jt?

% 16 KRB OWEIEE LR HOKE S5 &
=3 v ¥ i ok (UY-76)

Table 16. Size of Carbonate Particles and
Emission as a Function of Pre-
cipitation Temperature (UY-76)

wmEe | 207 @A) e |
°C) | (1) | i
X , a |

30 98. 0 10.6 5G| 9
40 05.5 3.7 3.8 6
50 90.0 4.7 3.5 7
60 88.0 5.5 | 6.8 | 9
70 98.0 13.7 9.2 9
80 100.0 3.2 5.2 10
90 80.2 7.9 5.3
100 92.0 12.6 4.0 9
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Size and Shape of Carbonate Particles as a Function of

Composition of Ba-Sr-Ca Mixtures

. % b % - a0 Cald | €Ca Ca 30 Ca 50 Ca 70
Ba:Sr:Ca (£ a) 53:47:0 45: 40: 15 40:35: 25 35:30: 35 28:26:46 | 24:21:55
@ 0.4 W 08 | i 08 | m 0.8 ® 03 | |\ 10
KL E (W E 3.0 E 3.0 £ 2.0 E 1.5 E 1.5 E 3.0

K F | e

&t ' Bt | a2t

0.5

(&) ii&ﬁﬂ NapCOs3, EEE 60 C

L3 vy g VREDRERIZOWTIZ (1L ] (2) (c) TEE
MIZORIGE D TH S, ?&b%ﬁﬁi%ﬁk@@ﬁ%
PRIE= 3 v lbD%hEM%_£~f?T£d,
T8 w g uli)(@ et TR D ik
sl L LT KCOs 2784 J_,H.’ﬂ,
73, NasCO; #7235 54 MRTH %
Z:i)),

2X iz BaO ¢ SrO ofit&te31x1 Th %
FRHR 1T 2\ T e BRI OO PRI BE & #if dh D K ff' = (ﬁi‘iﬁv"ﬁ%}
OB 2R T PAEHMETHE L) BXU=
v oa v OREGRL A, %léﬁ(?ﬁ(ﬁéﬁﬂﬁ)@ kL
b DRICIIR AL OREKRDRED LI

(2) Ba, Sr, Ca =T REEE

EI7RIX (11)(3) o EERIZAH L /- Ba, Sr, Ca =C
REER O G M FoIkE Xuoks s (A
gsTilE) OPBRA IR T, .-:s‘}f,;}, Lz Ca0 OEL S
Y k& ‘i?ﬁfh LTWABILH SbET fEmEiTun
THHERAT (th_ii:jf;,rj\ﬁk B CH LN
RBER O EPE TR L D), KE ST TInikBR

DPEXDKREL, gHRE VO THIRAE L AT D7

CDOBDBREN, TNLOERELZETRS J:UT%‘iD
=3I va vl XOEamE: L i+ 5
B3 A S BB BERIEZED SRy, L Tnxid
fERR /S Ca-20~Ca-50 = » + DEHFGEmMALD
FKEWCa-10CaT0r v FXD=3 vvaviglER
HimfHEREWE S TH D, s LTl ko 2Tk
BRI E—BLTW5,

(3) EIbRBEE SRR RESEDILE

B DFERP S5 X 5 ICM—4EREHT T
CO;, HHWIiE SrCO; Hifho b & OB M Ot
ERiE X W iSfal s/ hE L BB ERIROD D% v, LAl
BRSO T &L e EREBEIRDO = 3 v ¥ = -/1H H‘ﬁi}
it I RO R IR & kED T L, L A%
RT3kt TDEBRTLINTWSE, DX o LEfax

- 1

¥ a v EBRLS

DT Ve
—r =

Zd A
(%15 2K

|

T AP Aty S
"I:.J“s JJJI{—) i’l--.a

-

[_“—u

—

-

= b @D

Ba

f] yﬂ'

\J
e
(—J
Pat i)
\J
. W
=
o
=4ss
O

= )'}cﬂfﬁ'

tij:iﬂiu‘?l:fﬁﬁéﬁ.’atﬁf?zﬁﬁﬁﬁﬁi{(L AL R AR )
IRERHEE DR REDVZE <TL, &

o “H D,

N E LA
DG A C F ¢

AH\ "iif;‘kil}f;'f‘ ho T =3 viav2HBmMmBEILLT
WZ EHETT,

(4) ERERICHHT 28RE

Ll 0 FE B RS R T I RER IR Ord dnTPIK ORI & Bl
WMARTH SHD, =3 v avlOITEE£L Fiﬂ‘%ﬁ*i

. i VT ER LA R DA SR
HFLUNORFIZEIOTHRSEASIND T LAEZFVDOTE
WMOFERITLAYRE I VZ XS, T/-= 3

- RERIE O E ORI 2EF0 XS R dr S SR
i

\‘:_F ‘i:/’ H ‘/’

HMEoBERTHELEEZTIWERS, Thbb
(a) BRI Dfd il 'U LREE T BRI D A A

Bz, TR, B 5V IEEIRF R S ORHR E

3
ik \'
et

HAHD, MREIPDLHEOTH=3 v a vEEO—3L
727 — 2 BENSV (ZOGEMREICT L OTREEIRS
HEREGERPh O TWEEEZTLEXZ R VWTHA
9 ),

PR R EBARGR THEAGHR D X 9 125
THARYDOEBWRDEIEmTH 55 E 5 »FEfl]
R R L ToRO 72 HigGan DR S S BAIK 200A {4
HHIN~I), BEPEMIETHSE L cf@XDFE I

F B OERBRFER IS WL TREHEEE THE
L 7o{BEE PR TEIZE L :-"’:-ﬁ FELhHnL{BMhKRKETWL
R (B16FR) X DEX
fﬁﬁwiﬁHﬁﬁu:d%akﬁiEﬁﬁﬁ

(c) =3 viavHMILERT S

i@ﬂu,E@%M%ﬁt@WW@ﬁr
B HPE O PITEEIT H 5,
BRI L DOESORES TER(IMTESL EHZZ T

.;::J.f :’ w\f_"u;f?{u. Elsensteln f‘ rl?}) (15) r\]'ﬁ‘{:ﬂil“{_ ffl,iﬁ

- ~ -

L L;'r.) ) a

b

,’j N _:—; "‘u Y

e, HDHV

IR

GEE{ LS Al
"Fﬂ'” Fe3 -"llFszc

Benjamm &

el - A

Bbtsm s OIZIZ A S OBKRD 7

T vk

ﬁ}& '[JI[LTH H U =



EM[:J’%F”"ET@ £ R R L

Table 18.

-
-

S

v avyBITOH

f[ E’E%LJ‘@&U BaNg AV 7
GNCEGT S
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BaNg (Test Triode)
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