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Synopsis

The thermionic emigsion from cathodes made by milling together
bariun carbonate end nickel powder, presaing the mixtire to a desired
shape and sintering, has been studied as & function of cathode temporw
atuminthamxsafmm-im. The effect of oxygen and gul-
phur upen the emipsion in this terperature renge has been investigated.
A simple diode stwicture was 'eed for this work,

The redicastive isotops, ““Be, was used in order to deternine
the sctivation energy of eveoration of berlum from the cathodes,
This wos compared with the value obtained by use of the Becker method,
The effect of an electric field upon the eveporart was studied, The
isotope was used to help determine the diffusion rete of barium in
the catiodas in both vacum and argon and also the suface diffusion
rate of barium over nickel,

The epperent work function of & typicsl eathode i 1,7 « 1,8 eV,
The best practical cothodes had the composition by welght of 0 « 757
nickel and X « 257 berium carbonate vith s smell quantity of milicon
added a8 a reducing agent. Oxygen and sulphur pelsoning of the en=
fisnion from such cathodes is reversible, Recovery of emission fronm
oxygen poisoning is faster then Urom sulphur polsoning, By reversing
the polarity of the anode voltage during recovery fron axypgen polsone
ing the emission 18 re-poismmed, This offect hos not been moticed
during recovery from sulphur pedsoning,

The sctivation energy of evaporation 18 2,2 = 2,5 oV, the resuits
from the teo methods being in reasonable sgreement, The evaporant
from the cathede is not ionised, The diffusien mesmrements revealed



that two di fusion processcs operste, One, probetly the 3 MTusion
of material along the pore walis, r»redeminates below 1,150 % emd
has an sotivation eneryy of 0.5V, The other, Tmdoen flow of
material through the pores, predoninates sbove this temperature
and has an activation enaygy of 2,5 eVe The sotivation emergy of
surfoce diffusion is 0,89 eV,
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Introduction

"his thesis is concerned with studies on thermionio emission
which 18 part of s wider progremme of work in the field of solid
state physios currently in progress st the nlversity Colleps of
North Steffardshire under the direotion of Irofemser Poh, Vidk, OJB.E,
The poprtifiler investigation is s study of dispenser cathodesy the
rest of the progremce is concerned with the oxide~gpated cathode and
oo the perallel work on the dispenser oathode crebles a conperison
of the two types to be made, in addition % the mejor objeet of the
present investigetion which is to establish the mechanism of operation
of the dlspenser oathods,.

The type of cathode studied is tamed the materix or ‘i'-cathode
which ig constructed by milling togather nickel powder, barium car-
bvanste end a small proportion of redicing apent. this mizture ie
vressed to the deaiyed chape and aintered in vacmisz or hydrogen at
sbout 1300%K, The percentage eomposition by weight of the osthodes
is 70 « 75 nickel, 30 = 25 barium carbonate end 17 or less of row
duelng agent,

The experimental work carricd out consists of the development
of techrigues to be used and then en investigation inte the variation
of thermionic emission with tempersture of these osthodes, A simple
dlode atructure is used, The temporatures covered in the cxperiments
range from yoom tempeérature o mo"x. All temperatures ave measured
by means of a nickeletungaten themmocouple,

The effeot of cxypen end sulphur on the cathode is investigeted



over the gene temperatupe ranpge as emission, The recovery f the
emisnlon from poison’ng by oxysen or stlphur prov des infomation
which enables deductions to be nade converning the operation of the
cathods. TFollowing this the sctivation ener;ies of eveporation and
diffusion in the % 'ecathode are mespured concurrently by use of the
radicactive isotope u'cﬂa. The eveporetion rete messirments are
compered with those made by use of the Yeokor metliods A study of
the effect of en elect ic field upon tle evgporation rate is also
made,

The 1sotope is employed to messure the diffusion rates when the
oathode 18 In an argon atmosphore and also to meapure the marflece
diffusion rote of btarium over niciels A qualitetive pleture of
the cathode surfece is obtained from several sutoradiographs,

An introMctory survey o disperser cathodes end their general
properties is given tefore an socount of provious werk on the Mi'e
cathode and the effect of oxyzen and sulphur poisining. The initial
exporimontel work 4o then desoribed in Part II, Part IIT conslots
of a myvey of previons wor: on eveporation and & Musion measure=
ments with dispenser cathodes, a deseription of the techniques
employed with the imotope and then the results from this work,

The thesis is concluded with the remlts and a disousslon of their
possible 1n§arpmt¢tlom



@ 5mmse

} VI,

125cm

DIAGRAM OF CATHODE-HEATER ASSEMBLY

o I U R 1.



2.

in the baso retel or below it, The emissive moterisl ls one

or rove of the nlkaline enrth oxides, The cathode is usuelly
raloed to opernting temperature 'y en insulated heater inserted

in a tube, one end of which contains the cathode (see fig. (1.1.1.))

Tho base metal of the dispenser cothodo is tungsten, nic:ol
or o mixture containing one or other of these motels., Tunzsten
hoo the adventege of & hisher melting point ond a lower rate of
evaporation, wiidch is an inporient consideration at the hish
operating tempersture of the dispenser cathode, but it haas the
dlsacvantage that 4t forms compounds with beriws cxide(3) which
nay lower the cofficiency of the cathode,

fmall quentities of other elements or compounds may be
introduced into the base netal to add sctivation Wy reduction
of berius oxlide to berium, Tungsten iteclf will reduce barium
oxide at tenperntures sbove 1300°%. (3 1¢ marel 16 used as
ti:e base metnl mall quantitica of silicon ar magzmesium or
2iroonium may be added to act as reduoing agents,

Enhanced emipsion is obtained from dispenser eathodes i
nixed slkalino eerth cxides are uced @357 g with the
oxide=coated cnthode a nmixed bariumestrontiun oxide gives e
higher omiseion than a cathode containing only derium oxide,
as doea o cathode containing bariumecalcium cxide,

The dispensor cathode was introduced to overeome deficiencies
in the oxide~conted cathode which becane more evident at higher
powers, higher frogencies snd higher elootrostetic fielda, Ale
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though it 48 2 more efficient emitter than the tungsten or
thoristed-tungaten cathodes, the dlspensoy cathode is mot oo
efficient, in terms of thormal efliclency, s the oxido-costed
osthode, oo shown in £ig. (1e241s) Adventages of the "' =
cathode j.npmda its mechanical stability emd its resistance to
elootrostatic offocts at hith voltages; the ecso vith vhidh it
cen be formed and machined accurately to desired dimensions;
the lerge recerve of oxide; its rosistence to $on bombarximent
and 'poisoning' Ly gescs such es oxygen, otojy the eave with
which ¢ resctivates and fimnlly, ite mitabinty for uso in
pulse worki, Thus the dispencer cathode, to a cortain degree,
provides a prectical answor to the demend for robust cathodes
with o comparatively large emisalon per unit surfoce ares,
1.3, Fomm of the Reservoir.

The main veristion in the preparntion of dispenser cathoden
is the nonner in wioh the reservoir of emissive materinl is
introdiced into the cathode, The forerunner of the diaperser
cathoda, the multicellular cathode(®) hed tie emissive meterial
doponited on radiel venes vhioh were sur-ounded by corvontric
evlinders sand a perforated 11d, The venes wers inlirectly
hested and the olootrons wore emitted threugh the holes dn the
1id, This sllowed o reduction in heater power but the eathode
1ife wvan linited Wy evaporation and sputtering,

The first cothode to employ a reservolr was Hull's improved
form of the multicellular esthode, which he called Ythe dlspenser
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cathode’ (9}  The cathode used wes inithlly uncosted snd a
conting naterial wes dispensed to the cathode surface from o
clogely woven megh stocking of fipe molybdemmm wirea filled
vith gramiles of fuped borium oxide - aluminiun oxide ocutectic,
The proportions by welght of the eutectic were 707 barium exide
end 30/ sluminium oxide, The tempexature of the dispenser wee
von maintained at 1150°% by & current of 20 supe 8t 8 pede of
5 volts passing through it, The dicpensor slso served os a
rodiation heater for the cathode., The eloctron emi tting mombers
wvere cloan molybdoms:s of 200@2 surface arca, The mensured work
function of the cathtode wes 1,215 ov and the constant of the
enitting surfnace from Richordson's cquation, A = 0,85 ampa.
w2 %2,

Tn 1950 the 'hilips' Laboratorios at Rindhoven arnounced
a new dlopenser cathode which they callod the 'L~ cathode('o)
end this is now widely used., The base metal of this cothode
is o dse of porous turn;sten shich is mede by corprocssing tung-
sten powder and then sintering 4¢t, Hih pressures and sintoring
terperatures are used bhut are not specified in the report,
Underneath the tungsten dlsc a tablot of ‘arium end strontium
corbonotes mixed in equal proporticns by weight is enclosed by
the tungnten above and & molybdema sheot Lelow, The heater
is pltusted under this molybdenm sheet,

The meothod of activation used is to heat the cathede in a
vacuum to 1100°C, when the oxides are fomoed fyom the caxbenstes,
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and then hy reising the cathods to an unsrecdficd tenporature

it io activated bty reduction of the oxide by one of the reduno-

ing ajents present, The active metal, in the fom of vapour,

tointher with some of the oxide, passes out through the pores

of the tunzsten to {orm a monatomic layer on the mrf'soe which

lovers the wore function and gives & good cathode, Wm_'k on

the performance of the 'LY -« catiode hes been revorted Yy

mxmkian,(") nmd!.a,(’z) and Vemm.(”) The atructure and

meaanisn have been stuited by Se eefer and meo.("*) Du Pre

and ?‘-f‘it*!,mr,(w) ﬂaxw,(‘s) and more veoently, in great

detail by Nittnor, Putledse end Ahlert.(”'m) The rompense

to cos conteminotion (88 been reported on by fucews and Adoom.(w)
In 8 paper Yy Nughes and copmla(m) on bardiated tungoteon

enitters, after disemosing the chemicel renotions which cocur

between barium oxide and tungoten, mesns are mizgestod by which

the berium oxlde may be introduced into the tungsten withmut

pimmltanecns oxidation of the tungsten, Theso processes areis

8, the formetion of barium oxide ond mixing with tungoton rop=

idly to avold reversion to hydroxide and oarbenote,

b, une of two or more barium compounds whioh reect together to

form barius oxide end by-prodiote which are not capable of

oxidiaing tungsten; for emample, by foming the oxide from

barivs nitride end barium formate, the other produocts being

nitrogen, carbon monoxide and hydrogen,

s the addition of an element or ocmpound vhich reduces the
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baritm epound need to the oxide; for exermle, the uae of
onybon with “artum emhonets o ~ive the oxide snd earbon
menorido,
de the ctadilising of tarium oxlde by £ixins vAth othar oxldes,
the rro uet giving a deoreosed resction rate ond congpement
lomor rate of btariom evoluilon,

Al of thene mothoda have boen atterpted with seme meabure
of snoeens and all of 'hn tuntoton onthodes with the alkaline
onrth oxlden fall int~ onn or cthar of theps rrodwe tion cate-

(1)

gorics. Pocker snd Yeoro hove atadiod thormionie emipalon

from tavimm on tungeten, and Prodie and .'!cdr&na(zz)

that from o
mize? prnolayar of berdwm and ealojun on fangoten.

m(?)(aﬂ hap donorih-d vhat 4p torred the Yimprepgnated’
cathede, In this eathode ‘hn plialine corth materiel conplicts
of o mixture of nomal and basie ‘arium eluminates, vhich are
dpopensed thraush tho pares of a tungnton matrix, The matrix
is proiused Wy pressing turgsten powder and then aintoering,
“he resultant disc hes o donsity of 80 « BS' of the normel value,
In crder to mechine such o disc to fine tolorages it it improge
rated with copror which scte Be o f1ller and as a labrieont,
"he dlse 18 machdimd and the copper is rvmoved by wolstilisation,
The impregnntion of the turgnten metrix is cerried ocut in vecumm,
the impregroat conpleting of @ melt of S moles of barius oxide
to' 2 moles 6f slnminium oxide, Foie recently, Leva'®I(25) 4o
putlished en sccount of en irproved 'impromted! cathode, This
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is esventiaily Lho sase 08 the eeriior fom, the ouly dif¥fererce
baime et e dnpeomation 4o periorad in on atmosp ere of
hgdaoren e that (he imxe nant canglots ol H noles of bLerium
oxide, 2 moles of elminium xida and 3 rolas of eeloiun axlde,
Yonarn, at a coilojum on t cmionle oathoues in 195&',(26) |
doecribed the Milina' Lmpremate: cathode vhich in formed by
hos ting n povroun wmngaton pluy in contsct vith barium slusinete
at 1.75000 in vecuim, “he aluminete senetrates tho pores end
in oprration 48 oduced! 'y tha ‘uncston,

Tyeitio argd Jen.‘dns(t*) tave mada an imrro: nated oathode
aonoiatirg of a nomus fun-agton disc vhich wno irpregnnted by
bariorn piliente to which 0.9 mole of célctlxm motide wns adiod
to ench mole of mllicates “he oaledm oxlde lowered tho
melting point of' the imrregnant end pave enhayced emiscion,
"urthor wort: was then earried mut on the »dddtion of caleimm
ard pirontivm oxides to tarium silicate ond aluinete impreg-
nante, A1l inrregnetions: wore corried o)t in hydrogen,

Tiapanner cnthaden with a niekel bege hove been prepoered
by impre-nation, Thien=Chi and ;uaammm.,:-(z?) report that
thay heve prepered eothodes frog e porous midiel plug, fomed
by pressing the powder and slotering in Ywdrozon, The cathode
is theon dmprognated vith bordum cerbanate ty ircersion 4n en
aypropriate sclulion, the conpogition of ~hich is not rovesled,
Nslop, Vempaay and ?!cxor(ﬁ) have prepared o cathode by prosadng

an? sinrt ring niawl powder in hydrmgen, The nidiel retrdx

P e ppn
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is eovontiaily the seme o8 the earlier form, the only differarce
tedng thet the impromation is perfor-ed in n atmosp ere of
hydroren ant that the imore 'nant conglots of 5 noles of barium
oxide, 2 moles of alminium ~xde and 3§ moles of caleiun oxlde,
Venome, at a collopdum on ¢ ermionie enthodes in 19%,(26) |
dezcribad the "hilina' Ymremate’ nathode vhich in formed by
henting a pormus tungsten nluy in contact with barlum sluminote
at 14 ,75(3"0 in vecmum, "he pluminate renctretes tho porcs end

in opration in reduced by the tungoten,

firodie ard .Yem’.:lna(m

bave made an immre nated eathode
onoisting of a porous tun:igton disc which was impregnnted by
variom siliente to which 0,9 mole of celoiun oxide wos adied
to ench mole of silicates, “"he calchm oxide lowered tho
meliing point of the imrregnant and pave eonharced emission,
Marthor work was then carried cut on the sddition of calcium
and gtrontivm oxides to btarium silicate mnd aluninate impreg-
nante, 211 impregmations wore cerried o:t in hyirogons
Nianonner onthnden with o nlckel bape heve bean prepared
by imore-nation, Thions(Chi and Iuaamaeoy(ﬂ) report that
thoy hsve prepored cethodes from o porous M &el plug, formed
by pressing the pomdar and sintering in hydrogon, The ocathode
is then dmpregnated with barium carbomate by irmersion in en
sppropriate sclulion, the conposition of which 1s not revealed,
T“alsn, Doopaay and f‘-?m(s) have prepared e cathode by pressing
and sint ring nioml powier in hydmgen, The nidkel matrix
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formad is impregneted vith o wntereseludble borium-strontiom
solt and the deable carbonnte ip precipitated vithin tho
intorptices by a cecond improgonation with s waterwsoluble
corbomate, for offlclency and ropidity a oelt colution of

hizh corcentration i used, Tho initdal impregnotion is with
the mcetote, since it hoo e hich solutdlity, Amoniom corlonate
io used as the precipiteting agont since its by-produots are
wateregoluble and Jocomposo ot low tomporatures, The roctionn
invelvod proge

(mz,’zc":, + na.Sr(cn,mo)g — (m.zar)co5 + zm’(m’coo)

1w, (C11,000) oo, e, + ont coon

Of,000 (Liquid) —— ©100GH (vapour) bept 118%

The introduction of the ealkelire earth into the cathode
matrdx has so for heen comsidered from s reservolr extommal to
the notrix end by impregnation into an already forued motrix,
both of wiich ore very simdlay, Another means of achieving
the some end 48 to nix together the Lase metal powder and the
olikaline earth compound before preselng end sintering, 7Tt is
not possitle to fom a prod cothode by mixing the elkeline eerth
carbonaten with tungsten as there oocurs a resction wideh ;roe
vents subsequent reduction of the oxide to free metel. Hughes,
Coppola and %‘:vaniu(s) made o study of the mactions totween
bariun carbonote and tungpton and showed thot the following
reactions take place progressively as the temporature i incroesedie
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(1) PeCO, + WO === Ne¥0, + CO,

(11) 00y + ¥ === Pa,M0, + 300
(214) PaCO, === Peb + 0O,

(iv) 6%Pab + ¥ = na}ma + %a,

Only ono maotion plves rise 46 the frve motal and i the firnt
twe are predeminant poor onthodea will yremiit, Oathodes formed
by mixing tunguton powior end the ~lxaline oarth oartonntes heve
been roported hy.!!zan(%) ondl by Yeemard end %m.(eg) Theoe
cathoden are dmproved b the aldition of carben or nickel to the
tuncaten, :

Since thore is AfPiculty in producinz o tunpstensallzaline
carth cethode hy mixing bofore ointering, work hos bBeon eerrled
ot on the uce of barlum compounda ottor than the coyhonate,
matert3®) and tuber and Freytas'>!) naw pade 8 ohidy of the
cherieal resoticna which can be utiliised to supply borium to o
tungaten surface and find that the sluminnte, silicate, titanate,
thorate and tungnatato of borimm conid "o used. Tisenstein, John
and A!‘rlcd:(m) have shown viiich reducing sponts are oopropriste
for each eompound, mm(’") depcrites a cathode fomed by
mixdng the pomlered oxdde, tungoten and o mitabls redueing agent, -
vhich 48 prossed oni sintered, The proferred csthods Gonststa of
5 naloculit perts of Yaritn tungsteto, 15 of alisisids powder @
80 of tungsten powier, slthoiigh elsliar remilts sre ebtained §f
tunzsten aaxbide replaces the aluminium end aam&nn con row
‘place the mm:: powioT, : <
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Vemma(%) roports that a cathode was being developed in
which tungston pomler and berium alumin~te are nised in pomder
ferm, sressed end eintered.  Coppola and Iéug!ma(s 1(33) descridve
2 cathode which is a dovelomment from Levi's impregmnted cathode,
The oothode conslato of 107 Wy weisht of berium aluminate to
wvhich a amall proportion of calcium oxide 1o added, ond 90 of mol bdemmm-
tuncoten slloy, The alloy consists of 25 bty wedpght of tungeten,
The alloy in pomdicred feem and the elumincte are mizmed, pressed end
sintered, "cnmnl an! Upan (%) have pade cathodes by nixing tunge
sten and girconlum powders in on 831 etonie ratio with lariun=
strantiunm corbonste, prees!ns and then the usnal sintering,
Hince nickel i a mare inopt metal than tungaten 1¢ ip found
that o good onthode can de preparcd by mixing c’!imcﬁly the alkaliho
carth carbonates with nickel pomior; presain: ond o:\htarlrg;. A
reducing agent is added to apaist in the fomation of the free motal
o e satte.  Ponae'®) desortbes sach cathode fomed by
mixing 30=40 parts by wol bt cwbomte wth 70=G0 parts of nioi:ol
pmﬁor, then pmsaing and nintnrlnr. 0.1 a:lliocn is nd:‘!od e the |

roducing sgent, nedc(i)(” ) uses the gm0 permntagp oanpoaition |
with 17 sirconium hydrldo o8 the rbduuln(’ agent in hill 'B—R'-caﬁxodo. i
The ariginel enthode of this type 18 dne to * wmur, Iymh md

Hormay'"} ‘shose Vifagathods conedated only of nickel and alkaline
earth cazbmnte :sowdsr.: Tgan (”) end Mesnard and Gm(’? ) have

waz%md on Ni'ecothodes with no saded rednaim aaant and al.o wita
simoniuu addod(") ‘:‘ﬁa smonmamm. hy I.a Rooquo(m) of a |
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cathiode whioh in calicd the "P'-cathode must aloc be inecduded in
thio ostegory. “he cathode emsisto of carbonyld nickel anl col~
umbium wotal powlors nized wWith triple carbonoton, tlen precoed and
cdntered in Jdooneioted anoania,

f‘nm("g) hep rooently reparted work: corried cut on o cathodos
rade fran eerbonyl nickel pewier of 35 micron particle .llaroter
(63 vy wetght), co=rrooipitated triple cambornten (30,6 beren
(Col’) ond berium stearate to serve na bin‘er and lubricant (1))
“he bariungstront iumgoalciun rtio in the cardbonnto is 4 5845. 589,
The noders are bollemiliod, pressod an sintered,

Thero are many other varict!ong of sintered cathodes, Work
hes been carried out in dermany on what sw cailed copillary cathodes,
z’ata(w) (1) hap deseribed t:ies wort: wich ircludes the we of thordun
end thorie with tungsten and enrbon and alao a teriuneberyllium alloy
witi: tungaten end with molybdonum, The evapcrntlon of barium doe
pends on the metal caplliary sipe, Threeo other enthodes which 'ave
boon developed include a sinter~d thorle ard tungsten mixture dos-
oribed by Fan'®® ena hollow cathode due to rosle, 3 the lanthenun
vordde cathode of Refferty ™ and the "Mtecsthode of Mekorp*D)

Surmerising briefly, ecathodes have boen propared (a) by prod-
neing the berium oxide 4n contect with a metol matrix dnto which it
cen @Pfuse, (b) Ly use of two eompounds widch reset to form barium
oxlde in the metal interstices plue pgeoeous byeproducts, (e) Ly
mixing the cerbonntes and motal before proselng with the addition of
8 reduoing agent, and finally, (d4) by etebiliming the terium oxide
by firing with othar oxides such as aluminiun oxide, The details of
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preporstion are leslaon, ssch worker MPerin: in sore woy “rom the

noxt, Wt the sathoden ar mertine; to an inewasirg extent, the

roqud roments deranied of them.



2.1,

13

Chapher I7
igeipnien of the Ulgseunsew Golhode.

Tiermionio emlseion ie the phenomenon in which an olectronie
current evaporntos fyom o !eated solid in the avbsence of en external
oclectrie Tleid, in the reponce of an sdceleraling agplied field
the work fuapction of the metal is Jewered, giving an increased em-
ission, Tho correotion which is made o tho sevo-fiold thermionie
emisclon to sccount for the lncresse is tho Uchotisy offect., Toth
tyres emf;mior-. are stronzy to&x;r~mﬁxm cbmm‘lant.: An pdditicral
uMhm iniependont emiosion owcurs vhen the agcelersting {ield
becomes very larpes F0i8 e field eaicvion sad can 0O exyleined
in terme of the quantum mediniicel picture of peonetrati ok of electruns
thraigh 8 potentiel b.vrior.(hé) %7)
The Theory of Fodssion from Yelelo

In deriving & theory of emimsion fyom metalz the simplest
asaumptinn made is that ﬂie metal utatl of the crystal lattice
lose their velency electrons, ehich arg froe to mave in the
crystal, If the field of the positive ione is movthed out end
its looal violent fluctustions aye eumwd-d. the elcotrons can
te rezmpded aa mhha]a'im md can te congidered ap an eiactron

asy  The total Meld cn one electron is thnt due to the positive
fehs and the other eleetrors, which number one less than the
positive ions, eo the mcothing out glves a geod firet epproximation,

The atates of motion in whlehi aielectrog chn SHANE eoietpond
to d4sorete enargy levele in an atem, tut the levels are very close
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toether, he oporgy Jdigtrilution is detormined by epplioation
of mantun theory and the exclusion pri roiple end! io Jdeseribed
rathermatically by the emi=iirne stetistics vhich are based on
the indistinguishablility of eloctrong,

tne of the enrller equationa derdived Uworetically for the
emirsion fran e motal is the Uldinprdscne~Dushman eque tﬂ.on(ka)

shich wne Qirat derived on the basle of themodynemicne The

f‘.t:‘,i_;"f..rl. Q1 10

. f

) i

N, 4TTe 6o cxg[-m:k-,-_CD
hs k7

w&;m‘bu the total mmbor of elecotrons thot sirdke unit avea

in vnit tine, m 18 the electronic moss, T is the ateclute tem=

perature, k is Doltsvann's constent and h is Planci's constont,
orl finc i0 the effectdve vork function whon there is e fieid preseut,

The latier 1o sivon b

b= #- f;:°3/2---~-—

where f§ 4c the reel work function, ie. the lowsst onergy which
is nocepdary t% eject electrans fror the netal et € = 0, ¥ 48
the a;plied field ard e i8 the electronic charve.

If r ds ignetes the probgblliy the! the eolectrons which
have sufficlont enorgy to cidgs the borrler are rcfloetéa back,
the ourrent per unit area is |

Iaad? (1er) emp [-ﬂ cup[- ﬁ._gf].-@

e e e e et et R o or. = P TP (Y- <=t
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curves sirmilar to ¢roee in fig (2,1.1) are eb'ained. The
patureted amiasior can thon e chtained for ony terporature
and s groph of log I/TR plotted seninet 1‘/‘!{‘ will bave a slope
w.ich gives § and an intoroept of leog A on the log -I/Ta aris,
This 1e the usual lichardsen rlot for obtainine the exverimental
work function of a surface., T¢ erplien to o motel but not to
@ soniconduetor or o dfelectrie,

In the phape of the currontevolinge curve, whon tn ecmisaion
carrent ip beirne drown under nerorl eonditions, threr we)l-defined
regions roy be dletinmished (fic (2,1,1)).  They nre
8, emigsion in vretowmding fMelds
b. opace cherve 11-1ted enlosion
0. amission in nooeleretins Melds,

a, letarddne Pleld !‘himien

Tn tha firet recion of the charncterictie only those ele
cotrons will roach the ancods which have snorplop greater then
the potent .al berrier inpos-d beotweon the electrades By the re-
tording voltape, This barrier includes any eontant potential
difference botwsen ampds end oathodle,

For a dlode vith plane parellel clsctipies the ourrent
denaity ot an arplind notentiel V is given by

IraAo(ior)ﬁ'zo@[-_(_g_t_& ()
kT

vhore ﬂA,:.ln the work function of the anode, This equation is
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valid for valnes of ¥V iving 8 ‘nerier hatcht reater than the
oo fiietion @ - the oatlvde,  Tor noea ponltive values of V, I

Ta z2iven by equot?o::@
A iranh of Ir/I arninat ¥V shold have o clone of -°/k'l‘ which
o

o}

joins n horigrtel line mhen Vs f, = g. "bus @ may bo fourd if
£ is knoem,  Tn prootice B 48 vninown and 48 chanctine contimelly
dine ¢n cordeinetion by metorinls evoprratod from tho ecathode, The
ourrent volta e charncteristion vhen niotted 4n the fovm 1 g 1 arpinot
V are ront comvenient, aince the rotapiisy M lon may then be yopree
sented by o ptroatcht line vith the oradisnt relnted to 1/'?. which
L ocoman horigontal vhen the eoplicd field ohm es {vom a retanding
0 on ncealiocrnting one,
De Snacowchare Limited Ymipsion

™e aonce charee litndtsd eminsion in o fonction of tho geo=
retry of the electrode gynton of the valve and not o8 Manotion of
the oathede, ¥hon emall ovionion current: are drowm at guffio-
jently low termervaturocs the gpesce~charrs afffeat doop nt cccur
moreols 1y and the chan o freom rotarlis: field te nocelerating
field andpzt n 1n vory abru-t,

Ce "micsior 4n an noreloratin: fleld

The emission in an scceleratin: £1rld {1 given Yy tho “ohottiy
amation, <« ich has born disorssed previcusly, very briefly, and
in o Mtile more otedl alow, ;
If the fiald strength at the surface is not negligible then |
oqunation(Z)must be usod
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IaAoTaw[- ]m[ ,/-‘ 3/2
kT kT
ahnTaw[-‘-Fg. ks/i’}
kT

/2
If aplot of log I spgnint E io mode, the remit should

he o stredght Jine, Tiie s knom an e lchotily plot, Since
% = Vg, vore V 48 the spplied voltege and ¢ is the distance
betwmen the eleotrvdes, the Hdoltky plot in prectios oonslste of
log I azainst Vve. A tvploel exmmple is show in f4g (2,142)
‘n exac® experinentel ochock of the equetion ia 1203 ml.‘; ag the
1deal couditions of porfectly plane porfaces sspumed for the
dorivation do not exist in practice, As tho purface ia mngh
the fieid strength varies over the surfoce. The wor: mnc;Mon,
teny varies over the surface, snd so prcx&ucon variations {rom
dohottky's Low,  Hobbt mn(m obteined a wrxmmcmd. rce to
within 207 bLetwsen peasured end calenls ted aﬁhmaticn ourrent,
Devintions Ium the iaw ot low ﬂéld ntmn::dl!' Mwhﬁ/to the
variation in wart: Dunotion mentioned stove, i With bigher fdeld
atmngﬂ\n the lincar dependence in acoordance with equetion@n
obtained, At very high field atrengthe en entirely new oﬂ'm.
the tunrel effect, occurs, “his effect is explainod by wove
mochanios., In thin case the po__é‘,etnahl‘ h;a!'x'ler ifx t‘i'ahi of thoe
eathode becaes so narrow thot the aleetm can panu tm'wgh
unimpedod, Consequently with very bish f1e14 pirengths there
is electron emiscicn even 8t room mmmmo, termod Meld or

oold emienion,



19¢

Whe epparent wors funatiom of at erdtilng suriape is aobe
tained by measuriig the omissicnat varicus tomprrotures, oxtros
poloting §he enipuiocn at zaro 1jeld ol each lemyorature from 8
Sohottxy plot, wd plottin: the resultent log Yo2 ngelnst /%,
The clopest this ichardson plot is e measure of the gpporent
wors Suncidon,  If tie axitting suriece ie uniform the extras
roleted coroefield eaission vidl ohay the !icherdpon equation

ard the value ol tie gpperent woes furction will Lo

Bpe B-7. 3 - - - - - -.@

av

aince the work Danotlon gy celend on tr.*.«;;y':re.tum(ﬁﬂ ad

sgmning a lineer dependence as a Dirst a;pmxivetion, TP

e 18 introfueed into the emioe on emotion

¥ u A& o'z"z ox: [- Miég),ﬂ)
‘ 7 4
= A, Oxp [% i‘;'] ™ exp {"é;}-'@

If thim is psotltod ac a Hicharison line the slope glves the work
function ot garo tempersture tod ihe intersection on the ordinate
bau the value

A = A exp [-g..t]—»- ~ -'.‘

Thie will e cirferent from the theorelical vaius A, = 120 ampe.
a2 %2 4¢ the tempexeturo dopendence of therwork furotios &8
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large. “hus vhen usin: the Richardscn line only the value of

the work funotion at T = 0° 1s obteined,

Slnce the workz funclion differs over & mirloce the Richerdson
plot glves a enrve instend of 8 stralght line, the curvatise being
very omell over o mesgared renge of temp reture, JApplication of
the Richapricon line thou gives the eriscive mesn, B, of the work
function. 7The curvature of the line elso influences the velue of
A which 1s reduced by this e aate

242, The Influence of Adsorbed Yaterials cn tie Wark Yunction.

in eleotrio dipole 1p chareoterised by 1ts dipale zoment, R,’

vhich io glven by

ﬂ/ ® O
vhere Q is the charpe moved and x ip the dlstence through widch
1% 46 moved, If the fleld s not too great, M'is proportionsl
to the applied mm, 2, or

!!/ = 0\,!
where o(;. the polerisability of tho etom or ion,

“he efiect of a dipole layer on the swriace of a solid is to
nroduce awmmttumwﬂmehcmmmw
it. The force on an eleotron of chapge ¢ near 0 o plane shoet
of chopp deneity 6" 48 2768, The force between two planes of
equal and gpposite oherge density is 4M6e, There 4o pero force
outalde tmo such siwnts, Suppose the sinete are dlstance d epart,
then the potentisli difference betwean them 18 4T@d, If tho ehcets
corrospond to & dipole layer of n dipeles an2 eech fommed ly pose



With

N l
Energy : : layer Energy |
| ! |
| - | —
| without | without
I | layer I layer
I .
| Ao
_______ vacuum | with Vacuum
Metal Metal
Adsorbed layer Adsorbed layer
negative outwards positive outwards

FIG. (2.2.1)



21,

itive and negntive charges @ with separetion d, the moment of
cpch 48
/
B = el
end lﬁme & = ne, the potential difference ie ATrlﬁ: There
is, thorefore, with sisorted dipoles a chenge in work function of
41T mﬂ,’ the work function being decressed 4f the positive charges
gre cutwards snd incresped if the negative cherges are outwsrds as
ghown in £1g (24241).  ¥ith adscrbed ions the change is M neut
wmmli,htlnmtar the dipole foxmed by the ion and its imepe,
Several types of cethode are metals with a single sdsorbed

layor of stoms which reduce the work function, Vor partially
covored surfaces the work funotion varies with the firsgtion of tbc
surface emred.. If more than a monolayer 18 present the work
fanction of the mrfaoe appmaches that of adsorbed substance.
A Jamier @iffererce betweon the velues of # eni A gnd their true
values may be obtained from e Richardson plot with such surfaces
then vith o metal mirfece, since the work function mey be changing
during attempts to reasure it by pbiting log /T2 sgatret /7,
Thia may atlll give & lincar plot, however, over o small tempere
ature range.
Thoories of the Meohenisn of Operotion of Dispensor Usthodes

. Sirce the dispenser cnthods and the oxide cethode both employ
the cmbonstes of the alkaling cartis from which cavbon dloxide 1s
driven cut leavin: the oxides, it might be thaght thiot the tom
eathode is merely a variation of the latter, Mug m,
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not the cese os {ar ao the nechenisn of oprration goes,
Bexmena, Jansen end Locajen’'®) n the smtisl report
en the 'L'=cathode sucest that the operaticn of the cathode is

e to the carbonale dissoclating to give the oxide
BeCOy —> Ded + éoz'r
The axlde ia then redueed to a cortein extent by one of the sure

romding metals,
Ped + X = Pa + X0

At 900°C the wapour pressure of bavium is very high and mo the
metal will momwe:mmwmhtu right, although
the very large heat of formation of barium oxide tends to force
the resotion to the left. , Fhus barlum vapour will be fomed in
the clmed chembor of the cathede uncer & low pressure dotermined
ty the speed of the reduction of the oxide, At 900°C the oxide
has 8 considersble vapour pressure so thaore will also be a notice=
able emount of exide vepour present,

The nixture of the two vepours pestes out through the tung-
mwmmtnmmatmn.m!odnlvwwmw
sten, A multiestanic layer would eveporste agein owlng to the
nt@mm.mmmwhwww
feroen., The menclayer of barium then moves sbout over the sur-
rmmmmmmmwwaw.mm
nol @nd oxternal, with o monetomio leyer of bertum mizmed with
sore oxygen. Thus the work function of the barium ip reduced
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considerably, The adsorbed oxygen ators o'stmwet the escepe
of electrons fras the metal but ealso promote a stronger binding
of the harium atoms on the surface, the latter predomivating

a8 long as there is not too much oxygen pnum.(sa) It has
beon shown thot berium and barium oxide evaporate franm the
Llegnthode and in the pores of an sotivated eatinde a quantity
of btarium wes found oorresponding to that required for the
formation of o contimous monatomic layer,

Further work on the mechanisn of the 'LY'scathode hos been
oarvisd out by Du Pre end Rittaar''?) st ty Schaster snd
hite’™) and thoir conclustons do not agree, Du Pre and
Rittner congider the emission to como from the tungston, the

work function of widch 4s lowered Wy a surface double layer of
bariun on cRygene  The unsctivated cathode is believed to hawe

o chenisorbed layer of oxygen on the tungsten and the activation
proocss supplies the required berium to the outer purface by the
following oequence, The barium oxide is reduced Ly the tungsten
to give barium vepour of low partial pressure at the tnge of the
porous tungsten plug, This darium 48 then trereported through

tho plug by means of Emdson flow through the pores and by meens
dmﬂaﬁo:ﬂttmﬁmoﬁrtﬁamvﬂh. When it roaches the

externsl emitting surface the barlum diffuses over it, Parium

is slowly loot by eveporetion from the surface end by pore flow,
The temmination of cathode 1ife is associsted with the exhaustion
of the bariun supply,



Scheefer and White stadiod the degree of murfact coversge
of the cathode by emission microscopy end found that the coverage
of barium imoressed as the oporating temperature degreased, The
work function of an operating cathode wes 1,67 wits which could
cormrespond to e pertially covered murfoce since the workk function
ofammlwdhmmmwmhh%mu.(”) Since
the wvork function of berium in tulk ip over 2 volts, the beriwm
could not be prepent in nore then o monclayers Iveporation
studies vore made Yy collecting eveporant from the eathode on &
tungeten wire at constant temperature end meximmm exisslon from
the wire collecting the evaporant ocoarrved for a monolayer cov-
orage and gave a work function.of 1,50 wolte vhich agrees well
with the soceptod valuo within experimentsl ervor, Tids also
indicated that the evaporant was barium, sinoe berium oxide would
have given a lower woric function, Scheefer and Uhite found that
the rete of borim eveporation wes controlled by the rete of
dffusion of the barium over the tungeten murface, and a scparate
experioent indionted thot on or rear the emitiding surfaece darius
trenafor oocurs by diffusion over olean tungsten rsther than over
a sorbed leyor of oxygen, as suposod by Du Fre and Rittoer,

Vesens''?) mgests thet efter manotion of the oxide the
berium moves towards the cathode surface through the porus
tangsten, meoning, preswsbly, by Kmdsen flow, eince the roosons
ing continues thot heving collided with s pore well the berius
stems resain attached to the tungsten surfece for some timo,
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Thoy are sbie to move abaut o cortain distence on thls aurface
for some time, This distance is greator than the pore separation
ond thus the whole murfoce must be covered by barium. Venema
then suggests that oxygen may play some port in the linkege of
bardum, :
Bopersen’ O only goss a8 far as o suggest $het barius in
the 'L'«cathode plays the same role as theriun in the thoriated-
tungsten cathods, without disoussing the mecheniss, After
studying emiseion and eveporation frem the 'L'ecathode Brodie
and Jmiam(ﬂ’) conclude that the emitting gurface muet be a
monolayer of berium end oxyeen on tungeten, in agreoment with
Rittnoy, At opeorating temperatures the oxygen remains persanently
in the emitting layer and the barium evoporating from the surface
is roplaced at e highor rote than neosssery by the dispensing
nochanion, ‘

¥ore recently, Rittner, Ahlort end Putlodge have published
8 paper in two ports on the nechenim of operstion of the ‘L'~
cathode, Their atudios vwere tased on the idess of Rittner
piblished previcusly''>)  In the first part of the paper''’)
moagurenents of eunuon, eveporation rote snd overorant come
position are described. The bariun migration length and the
‘lifetime' of en adepebed bariun ston were messured, It wes
found that on depositing berium onto s cloan tungsten wire and
onto & tungsten wire having an sdserbed oxygen monolayer, the
enission fyon the lottor was sn arder of magnitude higher then
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that from the fowmer end agreed woll with "L'eonthode emission.
Farther evidonce for the prosence of oxygen was obtained by
dopositing nmonolsyers of barium end barium ozide 4&n known ratio

on o clean hm@wn wire, The "LY'«gathodo value of emiseion

was not spproached mntdl the barium oxido content neared 1007,

Per a complate barium on oxygen monolayer, the emiesion exoeeded
that frem the 'Liecathods by aboat 507 et 675°C and by losser
anounts at higher teoporatures,

fividenon for the dopron of surface coversge ly beriun was

" cbtained fyom 8 comporison off the work functions of a monolayor
of bSrium on cxidised tungsten and of the 'LYscathode, Cone
fimming evidence wan obtained from measurenents of emiseion fron

8 tungsten wire maintained in the range of cathode cperating
tonperatures, as 8 function of the arrivel rate upon it of barium,

The conclusions drewn fron these meamrements are that the

Richerdson poranetors are Ay & 2,5 Gup,on-2.d0g 2 By = 1,670V,
After initiol sotivation, the emiesion remaive constant throighe
out life and then terminates saddenly, Id4fe inorcases with the
bariun oxide content of the resorvoir and deoresses with tungsten
poronity, reflecting an incressed eveporction rate, The evaporant
containg bewium end terivm omide in reerdy equal smcunts, the oxide
contont decrensing with plug porosity, The migration length of
bariun and berdum exido over tungeten i largo corpored with the
Wmmmmmmmmmbmm
The 1ifetime of Barium exide on tungeten is of tho ordor of hours
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and tens of houre at oporating temporatures. The comresponding
energy in about 2,1 oV and the diffusion sctivation enoryy is
07 6V. The dipcle leyer, which comprises of oxygen, present
nonatomioally, covered in tumn by a camplete monclayer of barium,
reduces the tungoten work function. The presence of oxygen
lende to iomproved emission snd an inocressed lifetime. Oxygen
losses during life sre repleonighed by the berium oxide component
of the activating strvem, ) :

Tn the seoond seotion of the ;m;m-('a) & thepmochemical
study of the 'LYegathode 18 mede in cenjunction with an expere
imontal study which includes the cherdistry of tho carbomate dew
composition and berinm genergtion, the arigin of barium oxide
in the evaporant, the barium tramsport mechanism through the
tungsten moterix and the factors detemining cethode life. It
is found that carbopnte decompopition is sccompenied 4n low
porosity osthodes by the deleteriecs reection

m"’%" t%ﬂ‘,ﬂsom.

Barium i generated in the ocavity at an equilibrius prossure by
the resotion

20 ¢ 1V = %B‘,”‘#Bl
end is transported thxough the tungaten predeminantly by Enudeen
- flow, rnwammwmﬁummm'
tangsten, producing in the evaporent o large berium oxide content
mhmp-wmnumm. The 1ife of the cathode ends



with conpletion of the tarium cxide-tungsten reoction and onect
of the subsoquent reaction

gmsws + ¥ = Ba0, + Ps

which is accompeniad by release of a poioming agsent, the identity
and origin of which is atill unsclved, lMaterlel decrease in
oveporetion yate and o corr-sponding inorense in cathode life
wos gained by eddition of strontium cardbonate,

fnoh work has been carriad cut recently in an effort to
eluclidate the mechenian of operation of the impregnated cathode,
m(% ) sugzests thot 1t is as followsi~ the lasic barium olum-
inate component of the dmprognant mscts with the tungeten to
produce a vapour pressure of harium mfficient to naintain a
high degres of surface coverege of adsorbed barium on the tungsten,
‘mepmdmimtnitufmuonmﬁdnmm is the sane so
that in the 'LY'«cathode, namely tungsten, the work function of
vhich is lowered by a dipole leyor comprising berium and same
oxygen, Pro@ie and qu(ﬁ" ) fird thet the patcies of bariunm
conpownds at the pore ends contrilute to the enission if the
irprognent contains celoium cxide, the sagiested :eagon being
that during agedng a thin filns of calocium oxide is left at the
end of the pores and is sotivated by the five barius, If the
inpregnant doos not contain calcdum oxide the pore ends fopm
poorly emitting petches,

Rittner, Rutledge and Ahlert'®?) ganlomed up Hedr wark on
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the 'L'acathode by o otudy of the mechaniam of cporation of
the impregnated cathode, The irprognant used hed the
empiricsl compoaltion 500 m,o,. It wos found that Child's
law in obayed by the emission density-voltage charecterisiiis
in the spaoe cheipe regzion end the Schottity equation in the
accelereting yegion with an eronelously oteep slope. The
"ichardson poronoters are B = 1,53 oV and A = 0,44 mpecn > K2,
After initiel epotivetion the emission denpity remains counstont
throughout 1ife at o valuo about one~filth that of the 'L'-
cathode and then teminates sudderdy, The emission density is
soversl amps,on 2,, snd the 1ifotine 1s 5000 heurs,

Bariun necossary for sotivetion is gerersted by the yee
action

f.)nzo‘ofﬂ = &Bﬂ%o%ﬂ%mha

et sneguilibriun pressure compited et
log ¥y, (mm) = «0360/T + 856

mnthwmwexamm

tut lovers the welting pointe>?  Trarport through the
tungsten metrix is malvly Ly Enudsen flow of barium vepour
through pertially blocked pores, the langth of which incresses
vith time ss the seat of the wesction moves progressively deeper
irslide the pores, Tmission is substentielly lowor them the
YLY«oathods, presunsbly bocause of the relesse of a poisoning
asgont which counteracts tho effect of much of the activator,
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It is susgested thetl the role of caloium oxide in the improved
cathede may be to neutralise the inllnence of the polsoning
aoent, the identity of which is not givens

Beok(a) after work with en electron miorosocpe on the
Delitoathode fourd thot diffusion of enitting material over
the surisee o tho osthode 18 included(w the sctivation mech=
enign, The work function wee messurcd in three different
wHy DI
8. by the retanding field method, which fives the erithmetic
seen work funotion,
be by o Fichardson plot which gives the sdnimm work funetion,
o ty ooparison with B8 dharts of foonden Ml Jesasn'Y! -
which give & work function which depends on temporature,

Ty plotting this latter work funotion as o function of
tempavrature the value of the minimm work function was obe
tedned, in axrcensnt with the Richardson plot valuo, Ane
suming the work function of nickel %o be 5,06V end inserting
the valuos obtaired in

fo s @, +(1=0)8y

whore A is the proportion of gurfeoe o vered by emissive
noterial and §, 15 the nean work function, the results gave
s smurface coverage of 707,  The workers conolude that the
Nl cathode is & bardun on nickel diffusion emitter in which
the surface covered by barium is about 707,

In the nickel-beren cathode, m‘”’ﬂmmm
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sctivation the cathode surface consists of 20=-257 fickel, the
resgindey bedng mixed alkeline earth oxides, Yrom o consider-
ation of the work function obtained it is sugsvotled thet the
cothole consists of emitting oxide grains within a nicikel matrix,
the work function of the nickel being reduced by at lesst a partial
barium coverage.

As is apparvent, there 4s no general agreemont on the mechanim
of operation of the dispenser cathode, That the alkaline earth
motel iteelf diffuses to the surface there does not seom much doubt,
tut the role played by oxygen 18 not agroed upon, although the
majority of opinion now holds that oxysen doos play soms part in
the mechenism of muon of the osthode, Vhen this prodlem is
solved theve is still the question of how the transport mechanism
operates, The suggostiond sre that 1t is Ly Emndpen flow through
mmorwmumwmakmmmm the pore
walls, wmaMnntmotwm. It is towards finding
some infomation which mey help in clarifying the unsatisfectory
position of the thoory that the pyesent work is divected,
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Cheptor 111

ceporetion of the "lecathots,

This cheptor 15 concarncd nith 2 survey of the verious methods
used to producs "Mlecathedes in mors dot il then the mention in
Chapter 1, which was conoormed with dsponcer cathodes in gereral,
In the profuction of an " '-cathode soveral varisbles must be con=
siderad, These are the parcentase composition of the catinde mize
ture, the foming rroscure used, the atmoophore and lemperature for
dntérlng en? the nothod of sctivation erployed, 20 outline of
the posaitle rarges of these variables is shotahod,

5S¢t Cathode composition

In Chapter 1 o brief sccount has besn given of the various
oatorisle which have or are being used in the production of dip=
pensar cathodes, The W'ecathode consists of nickel powder mixed
with ono or more of the slkaline eavth cmbonstes and in somo casce
o suell proportion of a reducing egent, wilch is pressed and sintered
to form a robuat, metallic cathode of the shape desired,

The firet consideretion must be given to the stete and purity
of the cethode irgredients, It 1s not cesontisl thet the niciel
be 1007 pure go lonz ce the impuritiecs sre olements which will sot
o8 reduodng aconts to ald in the reduetion of barium oxide %o harium
end thot the smount of each present 1s tmowm, The umal nfeliel poes
der wet'®) 1u chtatred comeraislly as cerhonyl postor shich 18
prepared by decamposition of nickel coxbenyl. Thins nickel hes o
high degree of purity and can be obtained en ophericel particles over
& renge of dlemetors from o lover 1init of cve nndcron, The porosity
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of the finsl nickel matrix is soverned by the choloe ot' powder sipe,
pressure used and sintering taporeture of the cathode, Any verw
iation in one of these towerds preater porosity cen be camntorbalanced
by & varietion to give o remilt in the opposite sonse in onp, or both,
of the others, Thun eny particular choice 45 not so import:nt es
the eanbination of scleoted veluon for the verdsblose

Peck end his Wm(z) use corbonyl nickel of 1«5 micyons
in dlamotor, Thien~Chi eond nm:mm(ﬂ) use nickel powier obe
tained from the oxide inptead of the carbonyl, Delas, Dempoey and
Rmr(s) for theiy impregnated cathode use nidiel powier of 37=44
miorons dometer and specify the Lpurity comtent, Carbonyl nichel
of grein dlanster less than 10 mierons 48 used by Mesnard snd Ugsnl™7)
Fane uses 3«5 nicrens dimmetor carbonyl nickels The pruperties of
the powior chosen is importent cince the propertics of the sintered
compact depend on those of the powder, The umal groin sige employed
16 less than 10 miovons, although the mpregnated eathode veso'®) 14
constiucted from much lerger perticles, giving o more porous compect
for s given pressure ond sintering tasperature,

The alkeline earth cerbonates sre obtained in a high state of
purity camercislly for the memufacture of oxide~gcated cathodes
end thepe carbonotes are used in the "M'egothodos. Somo mn(n)
mmumummnmmommunwm
the powdor through o sieve of sppropriate mesh,

The noxt step in the production of a osthode is the preperation
of the oathode meterisl, The porosity of the resilting niokel natrix
18 dependent upon the amount of carbonate in the mixture before sine
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tering, Tho density of barium cerbonate 18 heh3 gns.on > and thot
of nidcel 46 8,9 gus.on °, ond in order to obtain a fairly rigid
cathode the percentages by weight of the two compononts met de
less then 507 of the carbonate end more than 507 of nickel, The
ecathode has emongot its edventages the ability to be machined and
its metallic sspecty in order to preserve these the pomentaao of
nickel ruet bo as high 08 possiltle, The 1ife of the cathode is
detomined primarily Ly the amount of barium carbonate initislly
present, oo for longer life more carbonete is necessory, The poo-
ition thus resolves itself into ome in vhich & compromise hes to
te made at the optimm composition, This composition must be found
experinentally and varies sccoridng to the excot reguirements of the
" eathods, An dmportent point which bas %o be renesbered when meking
o cothode ia that 1t shrinke Quring sinterdng; the more cerboneto
" there is present, the grester is tho shrinkage,

The percoentege composl tion used hy the workers in this fleld
for thelr csthodes doe: not vary vory muich, all having reasched
similor conclusions sbout the optirun composition ss seen fram

table ¥,
Teble T

BORER Refererce % M4  FOarbonate
Sedk, Prisbane, Cutting and King 2 70 30
Dodds » 0 %
Yegnard end Ugan 5 She?5 42,25

" ® o (g vetter cathode) " 65 %
ThisnsChi and Dusssussay 27 75 25

S S N R U S RIS RA A E V= st RS EaRE |
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The other possible canponent of the cothode misture is o reducing
agent, The mochanion of the cathode is dependent upon the prode
uction of the freo aliialine carth metel in the cetinde, The free
metal is produced froa the exide, Oince barium oxide hes a mdbing
point of 1923°C end does not dlssociate at the temperatures at vhich
the cathode is operated, a roducing egent 18 necescery to rzomoto
the production of {ree tarfun, The nickel powder used is not pure
and contedns ecoe ailicon, nengsncae, magnesiun, ote. which act as
reducing aconts, remuiting in the fometion of conplox salts in the
eathode 1tsell, (athodes prepared from very pure nickel are dif-
ficult to .ncthnto. The salts when formed in the oathode serve no
beneficisl purpose, Ipn the oxlde=gathode such salts form an interw
face layer botwoen the nickel core and the oxide conting, mnd Rookot(fr? )
end Pinansnn end Eisenstein{>®) (using Z-rey diffrection snalysis)
heve foud Ta 80, end Bef10,s Tt 45 resacnoblo to SuPOs thot
such salts are formed in the "W'ecathode where nickel end oxide are
in oontect, It s still necessery fo use the purust available nickel
a0 any reducing asent may thon e adled in controllsble @antities,
In progtice this is gonerally the procsdure followed, although the
reducing agert used varies from worker to worker,

W(”) uses 0,1/ silicon as a redeing egent and mangsnepe
hes also been used. The dfficulty with eilicon is the formation of
the silicete which is not teneficial to the osthode and mey inpede
diffusion through the matrix, M‘x) uses 17 Zirconium hydride
oo hip roducing agent which is the corvereial neme for a solution of
hydrogen in Zireoniusm, DBeck found thed tungsten, tentalus and

W TtV 1 T TE AT
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titanium tend to produce oxcess barium evaporation, wheress carben
roects vary alowly with prolomged evolution of gas, Tungaten
prosent ba 57 by weight or as 170 by wedght las beon used by Thien-Chi
and Duaawssay.(ﬂ) liesnerd end Um(," ) have usod giroecnion es &
reducing egent and heve aven sttompted to make a cathode fram sircon
fun end the ocarbonates slone, which was unsuccessful, rcao(”)
uses boron as reducing agent elthough fughes ond Ooppola(” ) prefer

sluminium to boron in their pressed cathode,

3.2, Pressing the cathodes

The pressure used to form the cathndes varies over thive orders
of megnitude, from 0.1 tons.in"® to 100 tons.dn"2. The porosity
of the resultent cathode depends upon severel fectors, ss alrvady
mentioned, but of thege the rreseing and sinterding are the two moat
firportant and to a cortein extent are complementary, Bod:mhu
publighed o curve (fig (3.2.1.)) of pressure in tonseon 2 egainst
% poresity of the resultant cathode. For prossures groster then
som.an’gmmm of porosity is very smell. The pressures
undbyvmmau.amﬂmm tohle 11,

Pable IT.
TR Reforence Pressure
Beck, Prisbano, Cutting and King 2 50-100 tonsedn >
Dodds 35 10
Thien=Chi end Dusseussey 27 Q.1 *
Coppola and Mughes 5 . S
Poane » 50 *
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La Rooqm(”) hes found thot emiseion over s range of temperature
plotted os & function of the applied field is imversely proportional
to the foming precsure,
3e3s Sintoring
The s'ntering of the "M'=cathods is mede nore complex by the
presence of the carbonate in the motal powder during the sintering
process., The atmosphere end the temperatire of sintering sre the
two moet leportant varisbles in the process, u‘mh work has been
done on sintering atmosphores enplayed in the prectice of powder
mull\m.(sg) In tho production of “W'=cathodes @lntering ie
umally carried cut in vacuumm or in hydrogen, Teaznard and vm(”)
have compared the %wo methoda end conclude that sintering in vecumm
glves o cathods with better enission. Thisn-Chi snd Dusssossy'Sl)
and l'm(”) uae a hydmogen atmosphere and Bwk(a) ainters under
vocwm, Lo Roogue'>® sinters his nickel-calubium natrix eathodes
in dissociated ammorda,

The first essential vhen sintering 18 to provent the formation
of oxide £ilms which cannot e broken down later, It seonms that
sny nickel oxlde formed cen be broken down by heating to over 600%,
The prevention of the formation of the oxide oon De brought about
ty sintering in hyirogen or, to o less extent, in vacum; henco
the choloe of the sintering atmosphere, If there is a difference
in the mmmamwdmrmmmmmm
it is more liloly that the effect is due to intorection with the

alikaline eerth compound and not concerved with the nidiel,



to thoe onide and omybon Qloxide.

3
If 1o pintering is cerried out 4in wnecoum the onifbon dicy'do
is pured] amay es 1t 3o liberated; 4 o hydrogen stmosphore io
ueed 1o corbon dlaxide is owopt out hy tha twiroen, The brooke
domn of bovlun corbonste 10 comlete st goent 990°C vhen the pree
aonre 4o rbhout 10~6m.m.l?g;. Hinoe the tempoembture of sinterding dp
compd Coraldy hMgher, e breaidomn of the cerbomto is completed
daring sintering. JHerium oxide is tup Joft in the nlolol roterix,
foriun oxlde quicily al oo mter wpour to dve the hydrexlde, :
het doon not loso 16 ageln wnless heated sbove 850% in hydrosen,
his, thon, is anothor piventege of using hydrecen as the sintoring |
atmosphere 4 eny hydrexide fo ldkely to be present due to rsidusl
wotor va'mx‘ in tte waf@. The chenicel Qaw:a cf the onlde is
voiy asnitive $o cvastosl influcioes produed by tepuitiss op
renidunl ganéo. Thia io dve to the foct M;‘bﬁ}’?}.@ oxide oo
exocially Leriun are very active chomiceliy, s

10 the eintorine temsopature i alout 120070, e bariun onide
viil, %o smme extent hove broken down tpa.vemaat;ﬂgm’?to%n.
The vepour presoure of the oxide st owoh o WMM& io ol the
oror of 16™2a,mlige 00 com of 1t w11 evascrete fron the cathodo,
- The vapror precsure of barium ot this me is 10 n.mba. 80
tdn wﬂl av@om nore m&ﬂly‘m) m tbo omides &me bardum
o o rocative it oorbires with W Qo ,g,ﬂ.va the &3\%(&)

Ba » ﬂg-—ﬂ’dig
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tut. this decompooes well Lolow tie temperstures attaimed in
sintering,

Vany though the possilie mmm are during sintering no
unwented compounds ave likely to be stable at tho sintering tone
peratures The greet diffiaulty is in removing all unwanted mube
stoncos during end after sinterings This 4lluwstrates the nocoseily
for the chemical purity of the materiels used in the cathode manue
acture,

: The pintering tempersturs 18 important in deter-ining the porw
onity., Then mintoring at no time does the vhole maps become molten,
In the caso of pure metals the tmsam at vhich a ressonsble
sintering rate con be sohieved is of ihe erder of 90=957 of that of
the pelting potnt'®!) In tis csse the nechmiss of sinterirg is
one of diffusion in the sal:ld ntate botwemn surfeces of adjoining
particles, This stomic diffusion is sufficient to close up the
gpaces betwen the perticles remlting in o general shrinkege,
During this process recrystallisation ocours, md en increase in
sintering temporature will iroresse ibo rate of grein growth and
the finol grein sige of the finished material,

The sintering of an "H'-cathode 48 mode pore carplex by the
prosence of the alkoline sarth compound, The melting point of
ntekol 45 155%0(62) g5 thet 1310% mhould te rorghly the sintering
tamporature of nickel, Howewer, the cathode porosity needs to be
quite high, so providing the required mechenical propertios are
maintained to & high degroo, amunwwmummu
be uged. m;:umwmnmmmmn.m tends



to increase the porofdty of the nickels The time of sintering also
ploys o part in determining the final state of the motrix, the longer
the time, the more dense the resultent metrix,

The sintering times, temperatures end atmospheres used are given
in teble 117, Oonerally the temperstures sve 900 = 1000% in hydrogen

Table TIX
Forker Ref, Tine ?cup.% Atmosphere

Heck ot al 2 10 mins 1100 vaoum
Thien=Chi end Pussausey a7 1 he, 900 fig
Hosnard ond igen 57 1 he, 950 H,

WroaWs 2 W " fthr., 1100 vaouun
Palas ot ol 6 10 ming 1000 Hz
Cons 5 30nins 1100 Hy

end 1100°C in vecuns, The proccsses descrited determine the pore

sige in the cathode and since 1t appoars likely that the cathode fun-
etions by & diffusion process, tmnﬂupmoiwwmauﬁmahif
primery importance, lMatrix porosity 48 usually dofined es tho velume
of pores per total volume, orumu“)

1 = Wm
(dengity of nickel)

expreascn it

Asmming for the moment that the process contrelling the operation

of the cathode is a M fusion one, either by flow through the pores
or by diffusion along the pore walls, then the typea of pores formed
are importent, If the cathode is fully sctivated when the vate of

!
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ddf'fusion through the motrix is at least equal to the raete of
evoporation from the cathode murfece then there will be an op=
tinun velue of the mumber of pores and of thelr siges The life
of a cathode depends on these conditions end will be longost vhen
ﬁwaptimem&.ﬁonimm.
M.Activaumi

Aftor broskdown the cat ode must be eotiveted before it bee
comes an efficiont electron emititer, It in generally sscumed
thot the activaeting process produces froo alkslire esrth metsl in
the gathode, This moy le done in geversl woys, The temporature
of the cothodo may bo rmdsed to sbat 1200% for a fow mimten,
This i temmed themmsl ectivetion, With the cathode at about
500°% o potentisl mey be spplied to the ancde end an emission
current drawn which increasce to o steady velue over a poriod of
peversl hours; this is current sotivetion, A cosbinstion of bhere
mal ond current activation hos wide eppeal ps the mont repid method
of potiveting e esthode, £ third method of activetion ip to ele
mitammniugmint-oﬂ:enlnmmuﬂmuatMc
This has been employed mostly in the oxide catiwde work hy several
suthors; Proscott end nmﬁ‘” mmaa(‘"’ who used metheno,
ummmmwrm(mmm«m, m‘“’m
e atudy of the process and showed that hydrogen, weter vepour and
mothans ore 1l activating gases below 10 mmlig, proseare,  The
reducing gas technique has not been used, so for as is known, with
%iVecatioden as the adled reducing agents parforn the seme funotion
during thermal activation.
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A11 the suthors’2) (B39 soq14ng with nowded cathodes
use a corhination of thermal end current ectivation, widch offors
the moat rapid means of acstivating the cathode in the presonce of
reducing agents, M(‘?) hoats his cathodes to 1400°C to complete
Jbreakdomn and perfomm thoe ainterings st this tenpereture 8 voltege
© 1s applied to give en enission of 1 ampeon 2. The cothode is *aged
de0, eniasion is stabllised, by drewlng this current for 24 hours,
The cathode temporeture is reduced from 11007 to 950% auring the
firet two hours of ageing end meintained at 9500 for the vest of
the agelng times Jimilar methods are employed by the other workera,

Aftor sotivetion and ageing the valve is umually gottered and
sseled of¢ under s vacmum.botter then 10"‘ rmeligs Tho valve 48
Mm@fwm. In sme casop metmirerents are teken after
activation with the vaive stiil on the veown syotem, Depending
upon the use to widch the valve is to be put, the cathode can be
constaucted to #ive best resuits Ly @i considoration of the come
rosition, porosity and rotustnese yequired, Huch cathodes rrovide
engincers with 2 dogroe of control over the behavieur of & velve
thon has been previously knoem, e
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Chepter IV

The chapter concerned with & decoription of il» spparatus i
ireluded in Part I of thie work since nost of the sparatus is
cortion t0 the work desoribed in Farts II and TII, The later work
on eveporation and 2iffusion necosaitated the use of simost all of
the oppavetus used for the wark funciion meamreaconts emd for the
ptudy of the eoffects of oxyzen and sulphur on the thermionic ome
ispion. In addition counting opparvtus wes reuized for the later
work and is depeyibed in tids dhapter,

hels Goneral arrengsmont

The apparatus consists of o vacumm syates for the preparation
of the sealedeoff dlodes used in this work, togother with en oven
end various veocessry power suppliss for walve hesters, ote.,
mounted on & frevowork of 13" diancter pteel 'Heeellamp' tubing,
Hempurementsa on the sosled=off tubes ave nade on an ofjoining bench
using laboratory power supplies, except that far the velve heaters,
vhich are independent of the fyrae. A generel view of the apper-
atus is shown in fig (helats)

424 The veouu systonm

A high vaowm is esgentisl in any work on catbodos in order
thet & ateble and reproiucible erdssion i6 obtained, Conflicting
mwnwbmmmhmaawwl
vaouus, The vecuumgystom wes designed with a view t¢ its velrng
used to prodice sither sosledeoff oy continucualy pucped tubes,
The final prescure required is less then 10 em.tig, end in sddtion
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to ohiaining suth o veouun the syster hes to vremove the large
Qantity of gas liberated during the ectivation of the cathode

es quidkily as ponsitle. The aysten, shown in €ig (he2,1.) 40
conatrocted of C9 glaass througheuts A #Magrar of the aystem 18
given in fig (he2:2,) Tt conoists of a two=ntngs mercury éiffusion
omp badted by o single stege Bdwords' Speedivec sotary pump, The
experinental tube 4s pumped thrwugh two liquid eir traps, om being
beteeon the experimental tube and » wide Dors tap and the second bee
tween the tep and the dAiffusion pump., The tep pemits a prosoure
of 10.6 roefiz to be mainteined overni ht in the experioental tube,
ALl tubing on the high vacuum aide of the @iiffusion pump is as
ehort end wide es possihle in order to maintaln a reasonoble pumpe
ing speod which is then limited by the oold trepe. A ressyvoir

i3 incorporated on the badeing side of the dffunlon pump to pere
nit pumping to be continuod for sme time, if required, efter the
backing pusp has been owitched off,

To eneble a high vootum €9 He maintalired an oven uw
which can Ye lowored over the axvorimental tubes to beke them at e
tenperature of 420°%, Great core is taken to ciouve thet all mate
eriels ueod in the vecuusa systen are serupulously clean, All the
glags used is trested with concentrated nitric soid and carbon tete
rachloride to vemove any troces of groase, xtiamnﬂm;y
woshed with dlatilled weter snd oversiried, 7The metal compenents
mewummww&ngammmu
bedng pumped, Apiegon Negresse is used on all taps exospt the
main top ocutting off the exparimental tube, en which T~gresse is
used,
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LeJs Moasurement of preusure

The voouun obtalned in the gystan is weasured Ly mesns of
o modified form of a Paning or .'Phuipa' vecuun M(Gn designed
in tids lsboratorye This typo of "gauge is enployed so that the
veomys ¢on te contimuously monitored Ly pleclng wne gange fmmediately
bolow e expepdmental tube, and, since this gouge can not b operated
awing the baking of the apparetus, iy heving a cecond gsuge oituated
telor the oven takle but shove the main tep.

The gange conalsta of twe flat, circular wickel dises, 2,0 ans in
dtmmoter, oo cothodes (oeo £ig (hedel))s These dincs ave 1 am,
aport ond & niokel wive loop (10 8,WG,) of the smme oxternal dise
metor s the discs is placed midway botwsen the latters This loop
is mado the anode, A constant voltege of 200V Is epplied across
the gmuge and o magnetic field of 600 geuss is reintaived at right
angles to the plates by emmell, externgl, poivenent sagnet, When
the voltage is appliod a discherzo in the gauge yremits in which
the ges iore ave socoleretod towards the ancle, pursuing helical
trojectorice of considersble length due to the nmucﬂmq A
Tinoloy triple-range micro-amceter is eoployed to messure the lone
isaticn ousvents Thip currort gives sn indicetion of the vaouum
in the syotem end the calibretion curve used 18 shown in £1g (ke3e2)s
The ednm io mm:mdnmmiotuw than 1 pdoromanp (40
w"m.ng. or less) before shy messuresents or work is attempted,

Lahe Biperimental tubes

The esperimental tubes used for themionic emission messuresonts

orly end those used in the polooning studies are exactly the samo
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oxoept for o £1lemont coated with "peisoning' satorial widdh 4o used
in the 1att*$r. The tudes used for the evamoration snd &ffusion
rate meesurenents sre similar to these veed for the anission messure=
mante excent thet $netead of on anode 8 movadbls collector is inciuded,
Comntmioticnel details of theme tnbes s given fn the seotion concerned
with that work, 4

The tubes are aim:ls dielez, The arode conpiste of an YAYenickel
ceylinder 1 o, in dlaveter ond 4 mo, in thickirecs. The nickel 48
mprliod by Tenry ¥iagin ard Co, 14d,, and the figures given for the
iimiting componition aye given in teble X,

fonle I

Composition of "A' Mickel

Rlemont y
Carbhon 0,10 mox
Silicon 0,07 *
Copper 0,20 *
Tron 025 "
Hangsnase Ce28 *
¥ agnosius Cets *
Sulphur 0,0 ¥

-Wickel & Cobalt 99,0 min

In the eveporation moasurenont tuben tho collsolor is an *0'-pidiel
disc, 2 ous, in dleseter, The composition of "0 nidkel ia given
in toblo 2« The onode or eollector is hydmgon Twnooed et ved
heat for 15 nimtes before insertion in & velve sad vhen in the valve
en the pump it 1s eddy curront leated for seme tine to oomplete the

B me b w»-.,-.-.-“.;;‘;ﬁ
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cleaninge After sotivation the anxie or colleelor is again eddy

current heated to remove my nsterial evaporsted frum the cethode

Garing the sotiveticn process, 8t the sare tine ralintaining the

cathode at s fairly high tempersture ¢o prevent the moterial evep-

exvating bock to ity An altermative method sugiested 'w Bto:u(‘m

16 to rejnteln the anode ot 600% @nmping brostdomn of the carbanate,
Table 1T

Composition of '0' Mickel

Temont %
Tioked 995
Cobalt 05
U agnogiwa 007 = Ou15
Yanganose Celd
Tren 0,2
511300n O, 1
Copper Uel
Sulphur 39005
Caybon qub

He hes shown thot most of the gas on the snode is cerbon monoxide
ariping from the eotion of corbon dloxide on free barium evaporated
apound the tube

nucoz—»wooo
The amode 48 supportsd hy 18 S,%,0, nidiel wire ss shomn in the view
of the valve stmoture uﬁg(&.&.ﬂ.

The cathode ia corstwmoted from en '0' nickel tube, 1,25 ons,
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long and 005 oOnme intezme) clemeter into mee:%f wilch the enlssive
naterial is pyessed, the mlnixég eavity housing the cathode hocter.
The nickel tube is hydmgen furneced before use. Then the cathode
nixture i presned inte o amall diﬁa clesing oo end of the tube by
use of the punch snd die shown &n Mg (hdele) ‘ﬁwn are conptruos-
ted of carbon crucible (*silver') steel, The die comprices a oylin-
car hollowed ent fremore end, the dimensions of vhich are height
347 vus, diameter 6,1 cwe, wall thickness 0,6 coa and hollowed out
to o dopth of 2,5 cus, 88 ehown in £1g (heke3)s Inte a further
recess ot the bottom s frwerted a block of dmoter 2,9 oms and
dopth Ce8 ons on which is o ralsed platform vhich protrudes above
the bottom of the contslipin: avlinder, The 4Almonnions of this
platfom are dismeter 2,5 cna and depth 0.3 emn, Below this bloock
is an sperture in the containing aylinder of 2,1 aus disceter widch
enablos any foroe to be applied to the insorted Llook to ‘enove it,
Into tho yemadning cavity & oylinder 49 ane in dleveter is
fitted, Thip oylinder 1s 2,5 cns high with 2 10coss in its ba-l.
into which the platforn on the block below it fits, The coutre
of this cylinder is hored cut to hold the eathode tute, the lower
edgo of which tian rests upon ﬂuphﬂ‘motmmw.
'kw&ar to prese the osthodes o plnm O e in dlmtcraaﬁ
& ems long, fitted in the press, madmﬂunidulhbnmﬁ
Meeamn.t the lower end of the tubo with the cathode
faoe forming against the fece of m'mm. To remove the
cathodo tubs easily after pressing the block ccotoining the tube
conpists of twn symmtrical halves which ave held together Ly twe

o = e AT L
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Allen perews and can be parted hy ramoval of thope sorews, This
bloc: is held in the contalning cylindor by two threaded columna,
Oede omm in diemeter, which pase through the block and protrule
throush the top so that washers end Wutterfly nute can be fMtted,

The coathode materisl is veried slightly in composition tut
essentinlly it conslete of 7079 by weight of nickel powder,
30=25) of bavium earbonate and a very amall percertoge of reduveing
sgent, Three veducing epents heve been used et differont times in
this work; they are gircvonium, sireonius hydride and silicon,

The nickel powder is of grain sisge 4»5 nicrons supplied by
Johnedn, “atthey Ltd, The majar impurities it contains are 0,175
narbon, 0,0017 sulphur and 0,027 iyon, The derium carborats used
io the Analer capound of British Drag fouses Ltde  The powders are
welihed cut accurately and with the redaoing cgent sdied are balle
milled in snylscetate for 43 hours. Tho mixtare is stoved in en
alrti -ht tube until required for use, When tlo powder is pressed
it ip alweys almod to profuce a cothode of 1 mn. tidcikvess, Yhen
the mi-ture has Yeen preceed o thin layer of nickel powder is pressed
orto the haok of 1ts Thip i8 dome ap & preventaiive measure agalnst

"8 phenemonon whdoh ocourred in the firest few catindes made, nemely
that the henters bumt cut after s few hours ope ration at the point
vhere the tungaten wire leaves the top of the spiral and pesses doun
the centro of it, 7t was found that o layer of nickel pressod one
to the teck of the cathode materiel provetted this, The effect moy
have boen due to back diffusion of berdwm on to the heater, 4
The pressing is dove uaing o fly prese, ﬂamu‘m






50,

on the presoure used other than that 1t ia attenpted in pressing
tlweys Lo use the semo presgwre, A caloulated estimato of the
presmuae used is about 50 tonn per squere inch, |

‘Afer forming, the cathode ig held in two picces of *0'enickel
gheat which are shaped to fit round the osthode ovlinder and sxe
spot wolled togather on esch side of the tube ap shown dn £ig (bebeS)s
The cethode 1s supported on the pinch ueed by a plece of 18 8,W,0,
Dilepicicel wire mldod to ae of the protruding Cinge AlL the niokel
used ls hydrogen furnasced before ude,

The cethode tampeoratme is moasured by peonp of a tungstens
sdokel thormococuple as desoribed by !‘m({’g}. L tungeten wire of
& metor 0,095 mme, is spot welded onto the upper odge of the cathode
ayliicor as closs tc the emitting fooo eam posalils, This 4s taken
to one of the tangsten ping in the pinah,

The heators used in the cathodoas ate supplicd by the Generel
Tlectpic Copany L4d. It consists of an aluning-conted turgoten
wire coll wiih the return loed brought back down the centre of the
ccll, The heoetor rating specified by the malers is 2.4 enps at
12 volis ard when run dng at this mating the cathode temperature
is ebout 1,250%,  The dlameter of the hester 18 4 rms, and its
eoll langth 18 about 1 on, |

The polsoning filment, 1o, the oxygen of sulphur profucing
fileupnt, whon uced 18 4 oo, wmmmwmmm
tungates wive onto wieh is painted o puspennion of bardum por oxide
for cxygen, or nolybderun disulphide for sulphur, in emylocetate and
5% collodion, the latter acting ss & binder, . This filment is sups

Mty - C S RN G T L | SOpA R e SN E ]
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ported on two 20 J,W.0, '0'eniciel wime an' 10 Lovisontally aligned
with U eiccotrode gap about 1 ome owey,
LeDe Lspeonbly of velve

Then the component parts of the valve have been completed they
ore meunted on an FE10 Edison fwen 7=pin pinch made of C9 glass with
tungston leads, The cathode is first mounted, with the themocouple
lead attached, ocentrally on the pinch, The tungsten themoocouple
wire is mpot welded to one of the tungsten leads threugh the pinch,
The nickel cathcde cylinder 1s used as the nickel section of the hot
Junotion of the themmocauple,

The haator ip next inserted in the cathode cylinder and conneo=
ted to two pins of the pinch by tungsten extensions spot welded onto
ite endo. 0,5 mme diometer wire is uded for the extennions., The
anode ip then mounted with its face parallel to the enthode surface
end pymmetrioal with it. The separetion of the two clectrodes in
1 mm, vhich ip obtained by using a nickel spacer vhich i8 afterwanis
removed, In the valves, on which poimoning experiments ave carried
cut, the "poison‘sproducing filasent 4o mounted 4n aligmoent with
the clecotrode gap on the two remsindng pinch pins, The valve ap~
sembly is comploted by the inclusion of two barium stirrup getters,

The vhole assembly on the pinch is then irsorted in a €9 gloss
envelope, “dieon Swan tyre T4, which has been cleansd thoroughly
with nitric scid and dintilled water and then oven-dried, af'ter which
the envelope i drop-sesled onto the pinch, oy

hebs Sdntering |
The valve, shen ccploted, is meunted on the manifold of the

- S
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vacuun gysten, Tho pumpin: rmocodiie erplo ol is a8 follows, The
wholo grotes io backed ont and tested for losks with a Tesvac coil,

, . The main tap in the system is cloosod and the diffusion pump i

switched on and left far 20 mimates, Liguid alr is then adied to

the trap on the punp side of the malin tap, tiwe is allowed for codling
vhilst odding the coclant, The main tep is openod and the ;rossure
in the velve folls to about 10°° mmulg, The over s lowered over

the valve and the latter is heked at 420°C for at lesst 4 hours ofter
which the ovon is switched of? and allowed to cool to 100°¢ before

raising. The metal parts of the wvalve are then dddy current hoated
in order to thoroughly outgas them,

The hyeeiting down of the carbonates is commenced by groadually
ralging the temperatire of the cathode, ensuring that the pressure
in the mystes never increases beyond 107 mu.lig, At sbout 650°%C
the breskdown starts end is complote at 950%, In two ceses the
carbonate wes broken down rapidly in a period of sn hour, no heed
being given to the presoure produced in the valve, No d&ifferences
4n performance are detoctsdle batween those cathodes snd thoss proe
duced by plover breakdown. However, the alower bLreskdown is employed
in the majority of caves os 1t does give sme fom of control over
the proocess, uammxnmmﬁummmw‘“
mn,lig, the breskdowm takes about & hours, This is carried cut
sutonatically by supplying the heater eurrent from e transformer
in the primaxy of which 15 o verise, The variec is driven Ly en
',mmmmmnuomaoamwmopmw
to reioe the cathode tempersture to the reqiired value in the dew

\
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sired roried of time,

After the completion of the evolution of gas the cethode
temperature 15 increased to 1,050°C to sinter the cathode, at
vhich taperature it 18 held for 20 mimtes,

Le7.Aotivation

A voltage of 250 wolts is sppliod sercas the valve after the
sintering petrloﬂ,l at the same cathode temporature. Gredually the
temperatire is reduced to sbout 850°C keeping the emission constent.
ot shout 5 milliems 1,04 0,25 anpl.m”. The velve is then ared
under these conlitions for 24 hours, ‘

In some cases measurements are made on the valve phior to seal
off, Tho procedure ndopted in puch a case is to bake the velve at
1,20% for I hours and eddy-ourrent hest the metel components, The
required measurements are made eand the usual procedure for sealing
off & valve is then followed, This conpists of rebaking the valve
for &4 hours and ediy-current heating the metal perts. Both getters
are caorefully outgassed and then fired and the valve is seeled off,
The main tap on the vecun gsysten is closed, the diffusgion pump is
switched off and tho trep is allowed to wam up to room temperature.
then tho diffusion pump is cold the backing tep is closed, the backing
pup switched off end air is adnitted into it,

heB. Yeapurements

The emission measurements are nade with yeversible D,C, voltage
supplies, upto 100 velts being obtained fyom the standerd laborstory
supply end frem 100250 wits obtaine? from an Bdison Swen stabilised
pover unit (Type R1095). Asode currents am moasured hy means of e






il 1

Cenbridge galvonereter of sensitivity 5.6 x 107 emps. e
deflection ot one motro, provided with a Tniversal chunt,

The cathode temperature s estimated by meossuring the enf' dove
eloped in the themecouple by meons of a themocouple potonticmeter
(Croydon 1‘udum Instrunent Cosy Type F4). This instrurent will
messure wolteges from O=105n7 in two renges, The firet venge is
from Oe2inV with a 14t of emror of 0,010V and the second range 18
from O=105eV with o limit of ervor of 0,05V, 4 celibration curve
for the nlckeletungoten themocouple 18 given in £ig (4.8,1)s Fen
clatze thet with a perticular junction the tempereture of a cathode may
be messured to within 6,27, "mperiments in this laboratory, how-
evor, indjcate ¥hat an accuracy ;:>f better than & 2%C is not possible
with guoh an arrengement, for the mesgured e.u.ls 18 founa vo depend
not ordy ob the junction tempersture, but slso, though to a lescer
degren, on the tenslon in the wive, the gigo of the wire uped and
the degreo 6?% furnacing to which the junction hes beon sube
Jeoted, This typo of thermooouple shosld caly be used above 400°C
since nickél undergons & moleculsr trensforsation between 2%0° ena
300% 7

For the work described in Payt 111 in which redicective meterial
is used, the cothodes were seotioned on e lotho, The oomting le
dore by mesns of o 3,70, Gelger-ililler counter, type B, used with
8 prebe unit, type 10144, o Dynstron power unit, typo P200A, and on
Bkoo soaler unit, typo 1526, This apparetus is shown in fig (448.2)
The Gelger-¥flllor tube ip fixed in o holder which sloo coxries the
smple of material at a varisble fized distance from the countor fave,
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PART 11

Themicnic Tmiasion from the WMYecsthode ard its Polocring
e DO, OFEOR. 004 Sulphiy

Choptor V
The Bffect of Oxygen ond Sulphur on the "M'ecathode

One of the advantages of the "M'ecathode ip its mwaistonce to
. contemination by the majority of cormen gases, It is pessitle to
expose suoh a cathode to the etmosphore foy soversl days, replece it
in & valvn and the cethode will yoactivate., This gbility has fro-
quently been vemaried upon, btut no systenatic woric has been garried
out upon the effect of individual gases upon tie cothode, The effect
of oxypen and swiphur upon the emission from the *Mecathode hes been
stulied ty the suthor'”') ol this Wief @upter will fndiods an o=
count of allied work that has been dene previcusly, to link up with the
ddpouspion of results in Chepter VII,

S5e1s The offoct of cxygen on eloctron emission

The deletarious effect of oxygen on tho emisclon from o fully
Mnm'ummmnmmamwxwdruom‘”
vho adnitted oxygen to & cathode for up to 30 gimtes at & prossure
of exysen of & x 10™7mn,lig, end found that the cmisaion fell to 107
of itp originel velue, lo work on the stuly of meovery from polscn~
ing by oxyzen, other then thet reported herein, has boen published,
The emission decoy of the *Llegathode when conteminated with oxypen
ot known pressures has been studied by Pugsws md Adachi’'?) wno
show thelr rooults as the curves in fig (5.141). These indicate
that the oxyzen eonteminated emission remains Ceirly constant until
a cerdnin pressure of oxygen is present, when the emission fells
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repidly, The critical prescure ot which ‘le {old in emission come
vonoos ie uqm:mt upon the temporature of the cathode, The authors
suggest thot the stealdy emission ends due to an equilibrium state bHe-
ing et up between the absorption of oxysen atong on barium stoms and
the supply of berium stoms from the reservoir,

Yuch work has been carried cut on the effect of oxypen on the
oxide~coatod cathode and it peems relevant to corgider the main points
erieing from this work. Fig (5.1,2) shows the chergo in Richardsen
11ne obtained Yy Koller'72) for an cxide-conted cathode after adnibe
ting oxygen st 10.353.!?3. If the cathode weagporated at ususl teme
peratures (abent 750°C) it o it be mectiveted by pusping ovay the
gas evolvod,

Pron the results of oxygon polsoning Kewsmure'’>) defuced the
following empirieal relstionship botween the pertisl pressure of
oxygen, p, end the asturetion currest, 4,

ie lp‘ é
vhere both K and » are constants,

This wan verified by Arimmi and Nerital™ who alse stulied
recowry of emissicn from oxygen polsoning, The conclusion was
resched thet only the purfece of the coating wes poisoned and that
durirg the reoovery excess barium aiffussd fron the body of the
ooating to the murfeco loyors,

An extensive study of the roveraidility of oxygen poleoning
wemmode by Metson' '), A tungaten hester wire cooted with berlm
peroxide wap used as on oxygen scurve placed closs to the cathode
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in an experimental tube, The procodure wes to poison a cnthode to
108 of its initisl emission with oxygen end then record continucusly
the recovory of the cothole, Complete recovery of the cathode was
obtained even pf'ter seversl pepotitions, Another ewporiment pere
formed by Meteon was to reverse the gnode voltage mm the recove
ery poriod, Pig. (5.1.3) shows the observed wecovery choracteristio,
fegovery was repid while s current was drewn, but beomme much slower
during the period vhen nogative anode woltege wes arplied, The
explanation of this sssumod thot efter the enygen atoms or moleculos
have entored the coating they become nogatively ionised and thus
the prenence of an emission current leads to s potential gradient
scross the cathode which tends to assist the ejection of these ions.
hwmmMMMntmeumtomnud'fwsM-
ode will rocover Ly hest troatment alome,

The complete roeversdbility of oxypen polasocning of oxide cathodes
o8 obperved by previcus suthors was confimeed in this laboratory by
Wm)mwmnommo;s.wmmm
recovery, which wan suggested by Hotson's resuits, The cnersy dipe
tribution of the emitted ions wes measured by use of u 7688 spectro-
meter, This showed thot oxygen poisoning was not only o surface
phenomenon since some of the ions possessed energies which indicated
mtﬂmmmlwdfmthiuhﬂwafmmﬂﬁm.

542, The offcot of sulphur on electron emlsdon
~ The only previous studies of the effect o sulphur on themionic
enission have been concorned with the oxide-gosted cathode, stann 0



reported thet cathoden suhjeotsd i sinmospherie pollution by salphur
before insertion in e vacuun tube give reduced emission after Lrosite
down of the carbonete and sotivation, ﬂm(n) hbs been earried out
in those leboratories of the 'poisoning' of omide-cathodes by sulphurs
A tungeten filavent mﬁddthmlybmmulphidnmtb\mdtom
o suiteble souree of sulpluys The oxide-catiode recovers from sulphur
polsoning tut more siowly then f rom a eimiler polsoning 'y oXygen.
Recovery ws sseisted hy releing the csthode tempersture to 1200°K
and applying 50V to the sncde, Twonty or more polsoning-recovery
eyclos coald bve porformed on each cathode without any permenent effe
fect, PFrom the observation thet e;plying a positive potential to
the arode increasoed the recovery rate, it wes concluded thet the
sulphur enit ted during recovery is negatively chorged,

In tho next chapter similer exporiments are dosoribed using
Nitegathodes poleoned by oxypen and Ly sulphuy, This wes done &
that o knowledge of the recovery process could be gained, which, in
turn, may help to determine the mechanism of the exission process,
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Chapter VI
Prelininary esults.

The experimental word: in Pert II1 is divided into two sections,
The prelinirery work included the developmont of techniques, moasuro-
ment of the work function of the "W'-cathode 1y the Richardson plot
wethod, o study of the effect of verying the campoaltion ard of using
different reducing sgents, The seoond section is devoted to o study
of the offect of oxygen and of aulphur upon the emission from the
M'woothode, 7This work is desoribed in Chapter VII, 1In all, 22
cathodes have been made and studied in varicus ways in this first
part of the wosk. Tesults Sypifying each \ype of cathods have bean
selocted,

Tho ultimate aim of the project was tc detemine the mochaniem
of operstion of the matrix cathode, The firet goal wes the producte
ion of cathodes which corpared favourably with previously roported
cathodes of this type, upon which measurements could then be made,
Cathode composition.

Cathodes were made up of three different compositions and two
eathodes wore moachined from a larger cathode kindly provided by
Hetropolitan Vickers I4d, The fivet two mixtures fras which the -
cathodes were mode contained sirconium as the reducing spent, the
third contained irconium hydride end the ¥V osthodes contalned
silicon, In the work on emission potlonlu cothoden wers made up
containing silicon, The compositions of the four mixtures used '
are shomn telow and 4n the following peges the cothode corposition

is referred to ly its mixture muibor,
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The yesults are presented in subeections, the divisions being
based on the onthode camposition. All ourrents on tho grophs are
ghown in unite of osntimotiwn. With the galvoncmoter used ton &

347 x 107° emperes.

1. Vepsurements on osthodes canteining 57 Zr,
Tour oathodes wore made from mizture I and cathode BES is deas
orited as typlcal of thies grop.
 Tho cathode was propsred from 0,1 gns of mixture T which gave
eathede thichness of sbout 1 rm and so 8 poroalty of 455, Tt was
heated by two helical 6,3V., 05 smp 3,5.Cs 'eatera in perellel,
The cerbonate wan bhyuken down slowly; similar pressure and tempore
oature ssaimt time curves were obtained to tint shomm in g (6.1).
After brosidomn the heater wurmt mut, Pefore the new heater wee ine
ported on '0Ovenickel dise wee placed between the hoster and the cath-
ode and sbsequent operetion showed thet this preverted the hester:
from tarning cute ' :
The cathode was agsin assonbledin & dicde, mounted on the vAGUNS
g oten and teked cut at 420% for five hours, The metal parts of
the valve were oddyecurrent heated end then the tampereture of the
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cathode wes inerased gredually to 950°%C, keeping the pressure in
the valve below 104" mm g, The cathode temperature was increased
to 1050°C for 20 mins, to sinter the cethalo, A potential of 10OV
was then applied to the ancde and the emfssion inoreassed repldlr
to about imA, The cethode tempercture was deeressed graduslly over
the next two hours to sbout 850°C, the emission remeining spproximate-
1y oconstant, The valve was left in this condltion to age for the
next 40 hours, after which the mupplies were disconnected snd the
valve was taked for 4 hars at 420°0, The metal parts of the valve
were eddyecurrent hoated with tho cathode at sbout 600°C to prevent
any released gas from being adsorbed by the cathode, The valve was
allowed to cool, the getters were fired snd the valve was sealed off
from the syatem,

After sesl off the cethode ves run st 850% with Va = 100V for
7 hours in vhich time the emission incressed slightly, At this
stage en indication of the work functicn of the cathode was obtained

-ty means of & Richardson plot (fig (6,2)). The nethed emploved wes

to measuire the emission from the cathode for varliocus snods voltages
(0 to 15 V) at cortain temperatures. After plotting the/lsVe
charecteristios, the point of intersection of the two linear poptions
ammmmnumangmvmdwmwmt
for gero fleld, the voltage reading of this intersection giving the
contact potential difference between the elactrodes, Using this
value of the setursted current I, 8 Richardson plot was made of
Mox'/" ageinst M/’-mwwmamw-&.mh
where @ i the work function of the cathode existing at T = 0, i.e,
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it is the emiseive mean work function of the patchy surface at sero
temperature, The intersection on the ordinete gave 1%013, where
A is tho emisasive constant and 8 is the surface sres of the cathode,

The value of @ obtained for DZ3 st this atage was 2,07eV «ith
Aet mup.on2,%"2, After o further 10 hours with the cethode at
850% and Va = 100V a second Richardson plot gave § = 2,02V (fig
(63)) ond A = 2 smpyon2,%"2, The two values of § were in good
agreement, The velue of A, in practice, very rarely approached
the theoretical value of 120 smps.an” 2, %K™2, & to it lsing sub-
Jeot to so meny experimental eyrors and is &l ffioult to interpret,
If the cathode tempersture was 1000°K, say, snd the temperature cen
te messured to the nearest 5°, then if a work function of 2oV is
asguned, {rom
. of 9%

" B

in this case s 127

T

For A to be found, S must be known, and since the surfece ores is
congiderebly lapger than the geometric surfece, due to mm,
A camnot be found. scourately. The tempereture dependence of the work
function also enters into the value of A, and since the theoretical
volue is obtained fron simplifying essumptions, it 4is obvicus thet
the value of A obtained fyom o Richerdson line has little signifio-
ance in this work, althouzh, 8s will be seen in later results, the
change in A does follow a regular pattem,

Two of the most important points arleing from the work on BZS



YALYE MV|

va (volts)
T o1 2 3 4 8 6 7 8 ¢ 101 12

fig. 6, 4,




| |

RICHARDSON PLOT FOR MV 2

!:l-?ﬂcv

-83 ‘85 ‘87 -89 91 .93

fihr:' F’. 5.

-95



63,

wore the necessity for a nickel tnokiménthc cathode and that the
cathode oc:ld be exposed to the stmosphere affter breskcdown end still
bo sotivated, The maximuws emission drawn fron this cethode was
S0mA.cn © at 787°C and Ve = 100V, The emission firom BE), & similer
osthode was 0,7 omps. on 2 ot 1230% and Va = 100V,
2, Yessuroments on cathodes containing Bi

Two cathodes were machined ocut of o larger cathode mede hy
YetropolitaneVickers, Lid, The gathodes were desigmted MVI and
HV2 and since the behavicur of both was very similar, the fomer
only will be desoribed in detall, TPefore outting up the origimal
large cathode the conductivity of it at room temperature was measured,
the log I egainst log V plot yielding a alope of 1,1, indloating thet
the material was s nomal olsde conductor,

Cathode MVI was machined from the larze osthode, having & coating
1 mn thick with 0,5 mn of nickel becking, This was pleced in one
end of 8 5 mm dlameter '0'enickel tube, as employed to hold the other
cathodes, and spot welded in position. The cathods was built into
a diode sssembly as described in seotion 4.5, mounted on the vamuun
aystem and processed s previous valves hed been. After sctivation
the emission at 850% and Va = 100V was sbout GmA,
 After ageing for 2 hours at 850°C & series of charscteristios
wore taken, s typloal exsmple of which is shown in fig (6.4), snd
the corresponding Richardson plots were made, The value of the
vork function frem these Richardson lires was consistent ot 1.4 eV,
With cothodeiV2 the work function obtaloed was 1,7 o 1,8 oV (oee
fig (6,5)). Vo reason wes apparent why MVI gave mwoh a value and,



Glie

a8 will bocome obwicus later, it comma tiat 4t was MVI which was
behaving unsharacteristically,

The results from this cathode olearly indieated that the inditial
cathodes prepared omid be improved upen in perfomerce asince their
work functions wore high end hence the emission correspondingly less,
3. Nessurerents on cathodes containing 27 Zr,

Tour cathodes were prepared from mixture II, Teo of these were
nmmmmdmm.tiom%fwimmmeﬁmrmﬁn
pintered in vacuun as ;mﬂmlv. (ne cathode of each peir had its
carbonete troken down rapidly end the other two wore tyvken down as
umal, the pressure remsining below 10"\-.“;. o difference was
detectable in the performence of the remiltant cathodes and fro: this
119 eppears that falrly identical catindes remalt from sintering in
hydrogen and vacuum, The rete of breakdown of the carbonate, too,
appesrs to hove no pronourced effect upon the cathodel properties,
One of the cothodes of this group, BE8, will bte teken as a typloal
exanple ., |

Cathodo BZ8 wes formed from Ot gms of mixtuye IT with & 0,5 mm
leyer of nickel presved onto 4t ss 8 beoking, The .cathode was
sintered in hydrosen tefore mounting in 8 valve, A tubller furnnce
was ussd and the cathode was sintered et 1000°C for 4 hr, The
oathcummmam”,mdmmmmh,md
out end baked for 4 hours ot 450%. Dreakdomn of $he carbonate
wes carried out by reising the cathode temperature to 950°C 4n 2 mins,
Very 1ittle g wes evolved, confimin: thet the carbenate had been
broken down during sinterirg in hydrogen. The velve was then haked
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for 3} hours st 450°C and the netal parts were eddy-cwrent hested,
The cathode was heated to 1050°C and 250V were azplied to the enode,
. The emission drown was 10mA, During the subsequent two hours the
tem erature wes graduslly reduced to §30°C snd the cathode was aged
at this tespereture for 2 hours,

After ageing & ol of cheracteristics were taken, These showed
poor saturation (see fig (6,6)) and the sorresponding Richerdson plot
iave @ = 2,166V, The valve was sgein baked and eddy-current heated,
the getiers were fired ond the valve was sealed off fram the vacuum
systen. The osthodo wes 1dft et 600°C for 2 hours with emimsion
being drawm, Another set of charoteristics were takem, The work
function from the Richardson plet was 1,7087. The valve wes then
operated ot 800°C for 6 hours, the worx fumotion teing determined
every 2 hours, The resalts all lay between 1,65 and 1,75 eV,

The work functions of the other three cathodes in this group
enme out botweon 1,7 and 1,8 eV, 126 was exposed to the atmosphere
twice after activetion and each time wes resciivated to its eriginal
condition (fig (6,7)). It appeared from the results obtained that if
the processing of the cathode, i,e, the breskdown of the carbonate,
the sintering and the sctivation, was repsated for each cathode of
similar composition, then veproducible resilts could be cbtained,
This meant thet cathodes were reproducidle. As & final confirmation
two more eathodes were prepared from o dLfferent mixtare and messure~
ments were made on these,
he Vesmuenents on cathodes containing 1% Zireonium hydride

Two esthodes were prepared originally fvom mixture III, R2TT
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and B212, and both gave similar performences, Nore work was
carried out on BZ12 so the results fyom this cathode are deseribed,

BZ12 wos made from 0.1 gne of mixture I1I. The nickel tedcing
for this oathode was pressed from 10}15!11!: dismeter carbonyl nickel
instead of the 4=5unickel as used previously. The breskdown,
sintering and activation were osrried cut with the cathode made up
in the valve, exactly the same proceedure belng followed as with
BE3. Shrinksge during sintering had been noticed with some of the
provious cathodes snd it wes noticed again with this ore., The velve
was toked at 450°C for 4 hours snd eddy-currert hested, The emission
was 6.50A at 850°C with Va = 100V which wes slightly higher than the
enission from MVI. A set of chareoteristics was taken with the valve
on the pump; the valyje of the work function so cbtained was 2,430V,
After ageing for o further 4 hours spother RMchamison plot gave @ =
2:3%V, The valve was sgoin taked, eddy-current heasted, the gettors
were fired and the velve was sealed off,

A peries of Richardson plots was made at verious steges of ageding
d‘mgm. (ne nessurement made immediately after the valve
wos seslod off (fig (6,7)) ylelded f = 2,52 V. This value was
higher than those obteined before sealeoff, which cculd be duwe to
material belng deposited on the eathode during beking or eddy-current
hesting prior to seal off, D212 wes aged by ruming at 700%C with
Va = 100V, A set of charscteristios was taken every two hours (see
figs (6.8) to (6.,14)) end the corresponding Richardscn plots were mode,
Two typioal Richerdson plots from this series are shown in figs (6,15)
and G,16), The sumarised remults ave showm in table 6.2,
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Toble 6,2 67.

VALVE BZ 12

Heasurement g (V) &(mﬂﬂ.zow) C,PeDe (Wolts)

1 2,52 . 115
2 240 3.6 0.8
3 N 0.1 Oul
L 2,03 0.1 0.25
5 1.87 0,025 0a25
6 1,78 0.01 0425
7 1.79 00 043

The work function as given by the Richardson line decrcased un~
til it reached 1,78 oV when 1t remained conatent. The value of the
emission constantd also showed a decrease as § decreesed, Ao the
" cathode hecame more activated, i.e. as # decressed, the emiscion was
less ssturated, as can b» seen Ly a comparison of the cherscteriatics,
If it is acsumed that the work funciion deervencs 88 more mirface
eoverage by a barium monclsyer is oMained, then s grester departuire
from the typicel metallieo belavicur is to he expected., SHinoe an
atomic filnm cathode must have a larger surfece fleld than a pure metal
nmwmammmﬁaumwnmmmnn
on the external field, and so sn incressed Schottky effect will be
observed as the smount of barium on the swrface incresses in the case
of the "i'=cathode, The surface fislds are due to additional elsctrie
fields in front of the surface of the cathode which are due to pote
entisl differences s-t up bvetween the various patches on the cathode
surface,
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The contact potential difference betwesn the alectrodes which
wos 1,15 V from the first set of charscteristics decrvased repidly
until after 6 hours ageing it hed vesched 0,25 V, at which value it
remained, This indicated that the snode hed a work function of
3467 6V after soslecff, not having the value for nickel of 5.0 eV
due, prosumebly, to same material svaporeted from the cathode snd
depori ted upon the anods surface. The most preébible eveporant
would be berium, Since the g.p.ds decreased during the initial
sgeing, and the eathode work function was decressing, the snods work
functlion must have been decressing at s greater rate than that of
the cathode, The finel value of the anofle work function from the
‘characteristios snd knowledge of the esthode work function was 2,05 eV,
The work function of varium is 2,51 oV so the suode had not more then
a monolayer of barium upon it, All this reesoning sssumed that the
Richexdson plot gives 2 value of the real work function,

With the cathede fully asctivated a Schottky plot was made on
- B212, the maximum voltage applied being 400 V. Pig (6,17) shows
~ the results oltained from the cathode at four tesperstures. Ahove
- an spplied voltage of 100 V the plot ie lnoay, This valuo of wole
tage, since the slectrodes are 1 mm. apart, cory@sponds to an applied
 fle1d of 1000 V,an'. The devistion from the Schottky law at lower
- fleld strengths is due to the dilferences in wori function over the
eathode surface glving rise to surface fields as nentioned previously.
A Richapdson line was dvawn from the Schotthky plots (fig (6,18)) end
this initested & work function of 1.326V, This valus is not the
pme o8 thet obtained from aliichardson plot mede from the Is-Va char-
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acteristics, One would expect the value from & Schottky plot to be
lower since the themmionic emission is sugplemented by fleld emiseion,

Before ocwmploting measuvements on BZ12 a firal check was made on
its work function as Jdetermined by e Richarison plot fram its chare
acteristios and tids gave f = 1,78 oV in close agreenent to those
values obteined previously,

Thds was the finsl cothode worked wpon in the preliminary work,
The collected values obteined for the work functions ave shown in
table Ge3s This indicatad thet cathodes could le reproduced success-
fully if the same processing procodurs wes applicd strietly to esch.

Teble 6.3

Cathode Hixture g (oV)

BZ3 I 2,02
nZo X 1465 = 1,75

ne I 1.78

The conclusions drawn from the experimental work are given in

© the final chapter, but 4t may help if those dresn frem the preliminsry

. work are briefly outlined hove, They arere

1, Gathodes cen b reproduced within certain limits.

| 2. the work function of the "i'=cathode as indicated by & Richerdson

 plot 18 1.7 = 1,8 eV,

3. such o cathode can be resotivated after exposure to the atmosphere
several times, |

e thore sppears no & feronce between the properties of csthodes



aintered in hydmogen end those sintered in vacuum,
5. the particalar reducing sgent used whon in smell guantities, hes
no noticeable offect upon the emisaion properties of the cathode,

70,



Chapter VII
oS L ST
mmm-oeumoéthemummmumnua
study of the effect of oxygen and sulphur upon the thermionle emis-
gion from "'ecathodes, The procedure followed with 2 cathode after
activation was to determine its work function by the Richardson plot
method, thece resilts indicating when the csthode wes fully sctivated.
The emission from the cathode waz then "polsoned' at a given temper-
ature and enode voltage to 107 of its value, The recovery of emin~
sion was followed and plots of emission against time were made,
71+ The effect of oxygen on the emission from '¥'ecathoden
The effect of oxygen upon six cethodes wos studied, Four of
these were prepared from mixture IIT and the other two firom mixture
v,
7s11. Oxygen poisoning of cathodes containing 1¥ sirconium hydride
Oxygen poisoning of the emission from four cathodes made up
from mixture III was studied. The ususl work function estimmtions
were made after sctivetion of the cathodes and table 7,1 shows the
results which were cbteined. The values of f confimid the conclusions
drawn from the preliminary work. '
Volve BZ13 was the first used for the study of poisoning., The
cathode wos pressed from mixture T1I, in exsctly the seme manner as
were previous ocathodes, Tt was mounted in a valve assembly which,

in addition to the usual components, contained s filament coated
with barium percxide provided ty Hopkin end Willisss, The assembly
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OXYGEN POISONING OF BZ 16
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OXYGEN POISONING OF BZ 16
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The cathode wag sctivating until the time of the second set
after seal-off. Again the value of A docressed with decrease in
work function. A set of charscteristics of BZf) and the correspending
Richardsor plot are shown in figs (7.1) end (7.2) These sre #ypicsl
exmeples of thls group of esthodes.

fn attempt wis made to polson the esission from D243, The
cathode temperature was constant at 1028°K and with 10V spplied to
the mnode the emission wes polsoned to 107 in 30 secs. Recovery
was cooplete in 13 mins. A sscond poisoning was made but not enough
control over the liberation of the oxygen wae exerted end the emission
poisomed to 15, The recovery tock shout 30 mins. A third poisoning
wae comploted successfully st a catiode temperatire of 1041%K and
Ve = 10V, A seriea of poisonings were then made using Vo = 4, 8 and
127 at cathode temperatures of 975% .1025° and 1075°K, end poisoning
tizes of 30, 45 and 60 secs. Typiosl xecovery curves are shown in
figs (7.5) to (7.8). The anocde voltege wes not taken obove 12V
as the Cirgt jonisation potential of oxygen is 13.55eV and 4t was
desired to aveid any complications prodiced ty fondeing the oxygen.

It wes found from this csthode that poisoning wes veversible,
a8 sugfiested by previous cathodes which had been ¢ xposed to the
stmosphere, ﬂnuqoveqmwmumw“,
being very vepid if the esthode was sbove 1100°C., Varletion of
the anode voltage between O and 12V eppeared to hove 1ittle effect
upon the rate of weoovery. The recovery curves, as seon from the

grapha, conld be divided into two portions, the first being s rapid
iroyesse in emdssion and the seoond part, a much slower recovery to
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the initial value, The first portion took showl two mimates to

complete and it was noticed thet the shorter thes polsoning time the
more rapid was this initial recovery rate, The cathode could be
complotely resctiveted repidly by epplicetion of 180V to the anode
or by redaing the temperature of the cathode to 1200°K,

Cathode B216 was also mads from 0.1 gmo of sixture III end the
processing followed exactly the seme procsdure as 3315, Only one
ot of charvascteristics was tsken before soal-of’'f. Alter sesleoflf
onge set was taken sffter twelve hours ageing and arothar set after a
further three hours, The results are shown in table 7.5. A sst
of cherscteristics and Richardson plot for U216 are shown in figs
(7.3) and (7.4). The set of cherscteristics teken with the valve
w&omﬁmmawmmﬁﬂncmof!.ﬂﬂdm
indicstes an anode work function of S.%eV. It peenms that the anode
at this stage wes clean and that subsegquent reduction in the mode
work function was due to material evaporated from the cathode,

Taltle 7.3.
Valve BZ16
Meamurement BleV) A(m.n‘g."x'z).
Before seal-off 3.90 9 x '08
After sealwoff (1) 170 Ok
KRk A ¢ 1.70 - 0,013

Four polsonings of BI16 were made st 965°K with Ve = 12, 8 end
4V in the first jthree and 4V sgain in the fourth, ut in this case the
voltage was reversed in polarity after & min, 5 mins and then at every
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5 mings up to a8 total time of 30 mins. This was done in an attempt
to see if the oxysen leaving the csthode during reactivation was
ionised, The type of curve obtained wes similar to that in fig
(7412) althoush the repoisoning during the period when negstive
- voltage wes applied wes not so pronounced with Va = 4V as with
Va= 12,
Three more poisonings were made s 1037°K with Va = 87 and
the polsoning time varied at 20, 40 ond 60 ssconds, These were
repested ot we" and 8%, The nine poisoninge were then o
peated for Va = 4V and Vo = 1V, Some of the results cbtalned
are shown in figs (7.5) to (7.8). Recovery with Va periodically
reversed was studled for Va = 12 and 8V, A geries of recoveries
were then followed after poisoning the emissicn to 107 over a given
period and othors after polsoning the qi.nim at 10¥ for & given
period, The initial recovery wos slower from the latier type of
poistning, but after abont 30 mins recovery from both types of
poisoning had proceeded to sbout the msme extent,
Tele2. Oxygen peisoning of cathodes conteining 0,17 silicon
Two cathodes were prodiced firem mixture IV 8nd oxyion polsoning
wos cerried out upon their emission and the recovery studied, The
values of thelr work functions obtalned fros Pichardson plots come
pleted the comperison of values of f for cathodes prepared fran the
four mixtures, The twn csthodes behaved very sinilarly as is ap-
parent from their work functions which weve 1,75 and 1.75 eV over
the swve temperature range, The corresponding values of A were 0,03

and 001 -pu.u'z-"fa. (soe figs (7.9) nd (7.10)).
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Cathode BS2 was made fras 0.1 gns of mixture IV, It was mounted
and processsd in exectly the ssme way as RZ16, After activation and
gix honrs ageing & Richardson plot was made, giving § = 2.2, oV,
The valve was baked, etc, and sealed of'f. The cathode was aged for
e further eight hours when s Richardson line gave f = 1,73 oV, a
value from which it did not chenge en further apeing,

“he first polsoning of the emission wms made and the recovery
was followed with the polsrity of the anode voltage (6V.) veversed
each 5 mins, as with B216, Repoisoning of the cathode during nege
ative anode voltage sgain took place, The cethode emission was
polsoned & second time end with Ve = 12V the amode voltage wes ree
‘versed st 5 mimte intervels. The repoisoning wes even more nobe
icesble in this cess, as ghown in fig (7.12). The pcsdure wes
repeated (fig (7.13)). Polsoning was effected at 920°, 970° amd
1020% with Ve = 4, 8 end 12V, and the poisoning time was veried
betwren 20, 40 and 60 secs, (see fig (7.,11)). The recovery curves
wore of the smme form as cnes obtained previously, the two sections
of the curve again belng very spparent,

Since the recovery of the emission frem polsoning hy oxygen
as studied with several cathodes followed the seme Torm in ench case,
ho more cxygen polscning wos cerried ocut. The conclusfons drswn
from the work are listed at the end of this chapter end are discussed
in the finel chapter,

72, The effect of mlphur on the emission fram "M'-cathodes

As en interesting eomparison with the effect of exygen upon the

exission from the "M'-cathode it wes decidad to use sulphur, Sinoe
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milphur is a larger atom or ion, whichever porticle is impertant in
the polsoning process, it waa expected that the polisening due to
sulphur wonld be slower, i.e. that sulplmr would not be such an efe
ficlent polsoning agent. Any differemce between the {wo may alsc
be attriduted perhaps, ir part, {o the greater cleoftronegativity of
oxygen. Two esthodes were nmade, ons each fra: miztares IIY and IV,
The sulphur wos obtained from a filment costed with molybdenum
dimiphide from which 1t was released Yty passase of & amrrent, One
cathode is deseribed in more detall, the resulia fram the second one
being very similar,

Cathode BE17 was made from C.1 gne of mixture TII in exsctly
the same way as previous osthodes from this mixture, The processing,
too, fullowed closely that of the other csthodes, There was one
aiffererce. The valve was only baked to 250°C as ebove that teme
persture the sulphur was iiberated from the poisoning £ilsment,

The baking time wus incressed to 8 hours at this tempersture,

After seal=-off the cathode was aged for 15 hours. A set of
characteriztics was taken and the resultant Richardson line gave
1.85 ¢V as the work function, After a further 5 howrs sgeing
the work function had resched iis minimum szd final wvalue of 1,80 oV,

The firet ionisation potestial of sulphur is 10,3 eV, so all
recovery studies were carried cut with ¥a<i0V, A set of poison~
ings vere nsda with Va = 8 and 4V, at temperstures of 10757, 1025°
. and 975K The poisoning time in each osse wes 60 mecs., this
time being taken Yo poison the emission to 107, Ancther set of
recoveries from polmoning at 107 for 60 secs were followed. Typieal
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vesults ave shown in £ig (7.1 ).

~ Recovery fram poisoning with the polarity of the anode voliage
regularly reversed was then studied. No repoisoning of the cathode
during negstive ancde voltage wes detectsble, The segond cathode
behaved in exactly the same way., This is e difference from the oxygen
poisoning, but as the method of detection is mot very sensitive it comld
well be thet the repoisoning was taking place but remsined undetected,

The normal recovery curves were very similer to those obteined
using cxygen, the main difference being that recovery wider eany given
conditions wes slower with sulphur. The recovery at 1100°K which
was very rvepid with oxygen, was only 807 complote in 30 minutes with
sulplmyr, Ty poummg at 107 for 60 seconds the initial recovery rate
was much lower then the r¢atewhen poisoned to 107 in 60 seconds, just
a8 with oxygen,.

7+3. Conclusions

The conclusions draw: from this work will be briefly eutiined here
and disoussed in the finsl chapter. The first point nede was that the
results confimed the conclusions drewn at the end of the preliminary
work, A& teble of the work functions obtained fros Richerdson lines
for the cathodes worked with is shown below,

: The resulis show thet polsoning of the emission by oxygen and
sulphur is reveraible., The recovery from sulplur poisoning is slower
than that from exygen poisoning, Sulphur is & less eflective polsone
ing sgent than oxygen but no guantitative work has been carried cut on
this aspect ms yet, The recovery curves indicate that the polsoning
is due to two proceseces, One is the sorbtion of polsoning meterial
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on the cathode surface and the second is by diffusion of material into
the cathiode. As reactivation ocours the surface material is lost quite
readily, giving the rapid initial increase in emission, whereas the
material in the cathode diffuses out comperatively slowly, giving the
gradusl return to camplete sctivation. This indicates that the pores
pagt, in sowe way, contrilute directly to the emission. Hore material
will dif'fuse into & cathode, the longer the poisoning period a:d so it
will reactivate more alowly, as the resulis show., These results appear
compatible with the fect that the sulphur atom or ion is lerger than
the oxygen atom or ion and hence warld be more dilffioult to diffuse into
or out of the matrix. The recovery rato may also be influenced by the
ges pressure in the reglon nsar the cathode surface.

Teble 7o
Cathode vixture Blev) Alemps.on 2, 9%2,)

BZ3 1 - 2,02 2
Ve 1 0.09
w2 1.7=1.8 0.6

B28 1 1,65+1,75 0,02
212 11 1.78 Cull
B3 T 1.8 0,02
BE1L, 113 1.75 0,01
BZAS 111 Wt 0.02
5216 111 1.70. 0,01
BZ17 T 1,80 0402
BS1 v 1.75 0,03
BS2 v 1.73 0,01
B3 w 1.73 0.0

The repoisoning of the cathode by oxygen when the voltage ascross
the valve is reversed could be due to either the oxygen leaving the
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‘ottlmh as negetive ions, or soms material leaving the snode and
mowing to the cathndes, The former regson is supported Ly the obser-
wvation that an incresse in anode pctential inercases the recovery rate.
Trom energy considerations sulphur should be sble to ionise to sbout
the ssee extent as oxygen, That such an effect has not been observed
with sulphur mey be due to the insensitiveness of the method employed.



Chapter VIII

Bvaporation ‘gtes from Dispenser Csthodes

This chapter deals with work previmmaly reporied on evavoration
:ratel fron dispenser cathodes and the following chepter with diffusion
rates,

A knowledze of the evaporstion rete of the setive msaterial from
any given onihede in essentisl if any estimate is to be made of its
useful life, Similerly, izprovements in the constmetion and compos-
ition of cathodes leading to incressed life may be obtained orly by
study of the varistion of evaporation rateas with cathode composition
and porosity. Inthelutmyammuhqummrm
with & tungsten base has been reported from seversl lgborastories,

8,1, The eveporation of materialas

The rste of evaporation iz relsted to the equilibrins pressure
of the gns phase of the product over the solid phase by kinetie
theoxy equetions, The rate of eveporstion in grems per square centi-
metre por second, m, from an open surfece, is given by

O("( : >iv - WA x 100 p (N
2TTRY : .

where ¥ iz the molecular weight of the evaporant, R is the gas constant

in erge.dog -, p is the wepour pressure in dynes,on 2., T 48 the tew=
seratore in X and o¢is the accomodation coefficie t which takes inte
account the mechanism of condersation of 388 molecules striking the
soiid-gas interface. If r is the reflection coefficient, A = '/(i-r).



Inthe case of Enudsen evaporation from an opening in a closed
systom in thermel equilibrium the evaporation rate is given by

¥ ot
m = M P = L3.A4 %10 p. | K
o) I

from thermodynanical congideration ¢ the rate of eveporation
can be vepresented by an equation of the type

e (-2)

where A is a constent vhich depends only slightly oo temperature and
B is & constant which is equal to B/, where k is the Boltmmann con-

stant and fi8 ia the sctivation energy for eveporation in electron
volts. This equation may le rewritten

log om = g 4o A=5008 — — — _ @
T

A plot of log,gm against /T then ylelds a slope from which fy may
be caleulated. This equation is very sindlar in fomm to the Richard-
son themionic emissicn equation,
8.,2. Veasurement of evaporation rates from cetholes

The sctivation energy of evaporstion is conveniently determined
bymafmtﬁon@ Ommthoﬂofm:nmcm&mmh
is to collect the eveporant over a known angle in a given time and
analyse the material chemically to determine the amount collected,
A similay wmethod is to include §n the eveporant some radicsctive
material ond using canting techniques estimate the amount of materiel
evaporated, erwhhmammmwhmﬂn
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the change in 2 given ion current when the catlvde temperature is
sltered, 4 fourth technique, dus to Beoker,'7®) i most comonly
used to measufle the evaporation of the alimline esrths from cathodes,
In cutline, it depends upon the evaporant being collected upon &
tun;sten wire from which the themmionic emiscion may be messured.
The evapcrant on the wire lowers its work function end since the
wire has a ninlmus work function for complete or almoet complote
monolayer coversge, = feirly sccurate estimetion of the evaporstion
rate con be made provided that the smount of material in a moncleper
is known,

The details of this method are as follows. Above the cathode
is stretched s thin tungstes wire (sbout 0.1 mn. dleméter) and be-
tweon this wire and the cathode » moveable shutter is interposed,
By expesing the wire to the cathode some of the evaporant from the
cathode is collected on the wire, Jf the shutter is closed and
" used as an anode with the wire as cathode, the emission from the
mmh_nma. The evaporant is collected for a short,
neagured, time, the shutter is closed and the emission from the
wire is measured, This is repeated until e maximm is obtained
in the plot of enis:ion sgainst the time for which the evaporant
has beer collected, This maximum corresponds to & minimum in the
work function of the wire and so gives the time teken to collect
a monolayer of eveporant, assuming thet monclayer goverage gives
a minimum work function.

This messurement is repested for varicus csthode temperatures,
the tungsten wire being thoroughly cleaned between each run by
flashing at over 2000°%, Since the geometry of the cethode~wire



system remeins unchanged and the percentage of the total evsporamt
collected must be the same in each case, the time for s morolayer
to be collected at each temperature is direotly proportional to the
eveporation rate fro: the cathode at that tempersture. Thus a plot
of the times to attain monclayer coverage ageinat the reciprogel of
the cathode temperature is & straight line, if eguation ()obtains,
from the slope of which the activation energy of evaporation can be
found, If & minizam work function is not cbtained at coplete
monolayer coverage, provided it slways ocours at the asme degree of
coverage, no error is introduced in finding the sctivation energy
since only the time to reach a minimum is used,

The Becker method effords 8 simple but gquite acourate means of
finding the sotivation eneryy of eveporation, fig. Scurces of error
in the experimental work are in the messurement of the cathode tem-
perature and in the loge of sctivating meterisl free the wire by re-
mﬁonmm;-mtwthWcmm
the wire, This method of detemining g for the evsporants fyom
digvenser eathodes has been used by Brodle and Jenkine,(”>) Rittner
etal, "7 pu rrd end Ritwmer'® ana 1y Schaeter and mitel™ wen
*L'ecathodes while Brodie and Jenkins(™) sa Rittner ot 81(°%) have
employed it with impregnated esthodes.

In the early putlished work on the 'L'-cathods, Schaefer and
mu‘”‘) reported messarements of the ever caration rate from these
cathodes using the Decker method. For s monclayer coverage of the
wire they obtained a work function of the wire of 1.58eV which agreed

with the value of 1,560V for a memolayer of barium on pure wmf’”
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If the evaporant had bee: barium oxide they would have expected & work
mactiond'i.w(m), The evaporant was colleoted on the wire until
it was msny atomic layers thick and the value of the work function ob=-
tained was 2,020V, a8 compared with 2,1eV &rhﬂkhﬂm.(&) Hence
anﬂuaodﬁat&ompurmtmhrimﬁthmmthmms-
nificant quantities of barum codde,.

This mcmmuemw&ﬁmn&bwnit‘hnretalundn
sugpest thet the velue in the literature for the work function of &
monolayer of barium on pure tungsten, which is 1.56eV, is in error and
should be 2.15eV, which is the value they obtained as & mean of meny
de terminations,

In dlgcuscing the mechardmm of berium trsnsfer in the 'L'-cathode,
Scheefer and Thite dimmiss the rete of production of free barium by
reduction of the oxide as the process controlling the eveporation rate
since similer seSuotions sy knows 4o be very atficiest.'®)  vo ais-
tinguigh betwesn the two other possibilities, the rate of Knudsen flow
of berium oxide vepour into the pores of the tungsten and the rate of
surface diffusion of the tarium, they studied the activation eneryy of
barium transfer., From their eveporation rate meansurements they obe-
tained an activation energy of 2,61eV per stom and since the latent heat
of evaporation of barius gxide is 3,916V C") 1t wes concluded thet the
surfece diffusion of beriws wes the limiting process., Homwever, from
the published results of the evaporation messurements the value of
fig, the sctivation energy, is not 2.61eV but 2,8%V. This error in
calculation of a value upon which the ressoning wes based mullifies
Schaefer and Fhites argment and coupled with the more yecently detore
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mined value for the work function for bariumon pure tungsten as compared
with the value which they used leads to thelr proposed mecheniem of
cperation of the 'L'scsthode lacking general support.

Du Pré end Rittner''® propesed ®ist Knudsen flow threugh the
pores snd surface diffusion played importsnt roles in the transport
mechenisn, The findings of Wittrer's group were published alter exw
tensive work hed been carried out''?), The Besker method wes used 40
determire the eveporation rete from an 'L'-cathode containing barium
axide only. The wire was calibreted ss an sbaclute detector of barium
by chenicel methods, firstly by scidimetrio titretion sad then by mesus
of a menusl polsrograph, Frem s high poresity eathode (287 porous) the
asctivetion energy obtaired was 35,25 eV and for a lomsr poresity esthode
(177 porous) the sctivati on eneryy was 35,006V, Addition of strontium
oxide led to & reduotion in the mess eveporation rate 1y s factor of
175,

A polaregrephic snalysis of the eveporationgroducts revesled barium
as the only metallic constituent, By messuring the redusing power of
& smmple of the evaporsnt by detemining the chemically equivalent
mantity of hyldrogen evolved on exposure to water vepour, the content
of free borium was found, The total barium content wes then measured
scidimetrically an polsrographically snd from the difference between
there yesults and that from the reducing power the btariunm oxide cortent
wos determined, It was found to be from 33k malel with the 287 porous
cathodes and 52 mole % with the 17% porous cathodes. The presence of
strontiun 4id not alter the lawge oxide content of the eveporant, Por
8 2.5 porcus eothode the oxide content computed 85 barium oxide was
50/%
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These resmults do not sgree with those of Schaefer and mto(“).

The value of fip 48 higher and the evapcrant is foand to ccntein ap to
507 of berium oxide wheve Schaefer snd ¥hite found enly regligible
enoanto.

The conclusions reached ty Prodie snd Jenkina'’)) sre simdlar to
ﬁ\ouorﬁittmot.l.“ﬂ In their work on eveporation fram the
LVwenthiode, Brodie and Kerkins dotermined the cathode temperoture by
mmdmapucapmammdcoruoﬁmforwtonwmwf
- for various hester currents before storting measirements, The eathode
was aged for seversl hours and was held at the moamiréng temperature
for half sn hour prior to teking resdings, The mess per unit ares of
menolayey of evaporant was entimated by an electrolytic method and o
value of 3.5 x 107 gaeor 2. o cbteined, This is slightly grester
than the value obtained by De Bosr o2 of 2,3 x 10°° gn.en 2, but may
be due movely to a difference in coposition of the eveporanta,

Two types of tungeten dises were used 4in the nessurensnts, One
type wao 257 porous and the other 457 porcus, Neosurenents were made
on eathodes contalning barium axide only mnd on others containing tarium
and ptrontium oxides, The remilts obteined from the bariums oxide
eathodes are interpreted as revealing that in some clramstacces the
evaporation rete is not limited ly the transport mechardem, as siggested
by Scheoter mad Mite'™ ana 1y Rittner, '®) vut by tho chemtest resc-
tion rate. This is based upon the result that with 45° porous tungaten
the evaporation rate wes the sane for 0,5 mms and 1,0 mm. thick discs,
The chserved astivation encrgy wes 3,56V compated with 3,25V obtained
by mittner, 7} wiwn 257 porous dlscs the evaporation wes found to be
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limited by the transport mechanism, The observed value of #s for
these cathodes was 3,16V, By comparing the eveporstion firem a cathode
made with o 2 mm, thick, 457 porous dise snd that fyvom 1,25 mm, thick,
25% porous dise, the eveporstion rates sre sbeut 3,511 and indicate
that Knudesn flow is the predominant trangport mechsnism. The suthore
suggest that had the evaporation yate Leen limited Yy surfsce migretion
then the ratic sould have beon 133,
With cati odes containing the doubleeoxids the eveporetion retes
are Mgher in sach eass, in contrediation o Rittner ot a1''7), e 44
is concluded that all these cethodes have their eveporetion limited by
Emudsen flow pince the sctivation energies and evaporation nﬁu are in
the retio of the Kmdsen flow rates, Otrontium oxide hes 1ittle effect
on the equilibriun resction vapour pressure of barium but incresses the
maximum resction speed at a given tampersture, This makes it possible
to mairtelin the equilitrius pressure even with 45  porous tungsten which
was not poseible with barium exide alones |
The rate of mﬂm_m the ispregnated catiods, in contrast
to the 'Li«cathode is lm time~dopendent. Almost all of the total
bariwn evaporates at & rate given bWy a t'ihlv. uﬂ(“) wos the firet
to repert on the eveporation from the impregrated esthode, Fe found
et the sliition of 3 molss of ealolus eilde 40 the eutestic Derim
aluninete mixture gave a four€old redustion of bariun eveporation at
o given tempersture, Over the firgt 2000 hmyrs of 1ife the evaporation
averaged 2 x 10710 gunBa,cnZ, 000! at WESTK.  Drodis ana Jenikine™®
reported that the addition of § mole of oaleltm oxide cesused an alnost
negligihle rediotion in the barium evaporstion rate, The authors

L L e
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suggest thet the veriation from Levi's () rosults is possibly due
toﬂwmntw{pmdtyotwmngmmlcm&erﬂththnm
proportion of caleim oxide, Tiis would also agoourt for the fact
thst the tarium evaporation from these cathodes wos 1,7 x 10" gn.cn o
ssc™! gt the beginidng of life at 1465°K compored with Levi's value
of 2% 10" Ogn,en 2,000 s

Intl‘tarp‘per.(ao) Brodie and Jenkins reported further work
on the cvaporstion from ispregneted cotholes using verious impregnants.
Tie evaporant {rom berium sluminate cethodes behaved, s far as emission
end migration charscteristics were concerned, os if it consisted of
berius with only & smell proportion of berium oxide, The valus of
P wes 3,70-3,96eV, With eathodes impregneted with beriumecalolum
alminate it wes found that the initial report that calecium oxide
Mmtmothampmmnntomhcmutm&m
resilts had confimed levfs werk'®) .  ¥ith an ixpregnant of com-
position 3 Pa0.Al,05iCeD. the value of fiz wes 44216V, the sme value
mwmunwof;w.n,cfm-uud.
These values of fy show an incresse of 0,257 over the velue of
Lss.vmmmnahnmtdm.uzo’mm Another
set of mossurements wes nade on eathodes containing irpregnants of
&ww,wﬁmmmuﬁm. The values of
Pz obtained were 3,81 eV, 4,18 oV, 2nd 448 oV. respectively, The
MM&M“WMMwW)ﬂW
with O Ce0 and § Ca0, giving values of fp of 3,700V and 3.80 eV
respectively, Messurements were mede on ailicate cathodes, the
impregrant consistisg of 3%0,510; with 0 Ced s with § CaD, Sy
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wes 4,216V in esch case, slthough the socurscy of the yresult for the
pure oilicste is suspect as the evaporation rates at the higher tem-
peratures were decaying quite rapidly with time snd repetition of
meamirenents gave poor reproducibility. It spresred that the cal-
clun cxide decreaszed the evaporation rate to asbout twice that for the
alminste cathodes st a given temerature, The 1ife of the pure
silicate cothodes was quite short, probebly dus to the bariune-prod-

ueing resction being inhibited by the resction products, The sddition

of calcium exide eliminated this and gave erhonced endseion.

The evaporation rates from cethodes of varicus thicknesses impreg

mm-ammic.ouzo,mmdmaunamwmt.
at the beginning of 1ife at least, the barium produced is proportionsl
to the dise thickness and the resction, therefore, must take place
wifomly through the dise. Thus barimm must be leaving the site
of the resction feirly fyreely. The conclusion drawm by the suthors
is thot since the impregnent closes the pores the transport of barim
mizt be 1y migration along the interface betwen the tungsten and not
by Emdsen flow as in the "L'-cathode, As the barium is leaving the
resction site freely, the reattion rate must be limited by resction
kinetics and not by the production of en eguilibrium reaction pres~
sure of barium,
mw.mmcmm‘”’mmm&emum
from the bariom sluminste impregmated cathode. The evaporant wes
first snalysed by use of & menually cperated polarograph. DParium
wos the only element detected in fron t of the plug end the evaporant
from the yoar of the plug contaired some aluminium as well, presumably
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from the heater coating, 607 of the totel barium evaporeted case
froa the frent of the plug. mmodwmma@amaum(m
was used for determining the sbsolute instantanecus eveporstion rate
of total barium snd the aversge fraction of lerium oxide. At several
stages Guring life eveporent from a csthode at 1190°C was collected
on & tungsten wire and the tise for maximum emiscion from the wire

to be obtained was found. At the end of life the evaporant from

the front of the cathode was analysed polerographically and scidimetric-
ally for total barius, Results indicated a: sverage barium oxide
content & 445,

Py plotting the logarithm of the barium evaporstion rete against
the logarithn of time a straight line was obtalned wp to e time of
2000 hoors. The slope of this 1ine was =0,52 gn.on 2.s00 2, Beyend
2000 hours the deta lay bolow this line end at 7,500 hours the ovep-
oration rate fell repidly towards gero, From emission tests the life
of the catiode was found to e 7,500 hours. The time dependence of
the evaporation rate is in maried contrast to that from the *LY-cathode.
Brodte mnd Benkine'®) nade their measurecents at the begiming of
lif'e so this effect wes not noticed.

mmﬂag”)mammwnam
their impregnsted osthode over the first few hundred hours of life
then from the 'L'=eathode, Over this initial period By was 3.1eV;
this vel e 4id not sppesr to be a furction of cathode age, The im-
mwinmmmmmmﬁww,rw
which composition Brodle and Jenking obteired a value of g of 3.81eV.
Rittner end his co-workers conclnde that since the olserved evaporstion
rate is large corpsted with the eveporetion rate from s campletely



covered tusgaten surface snd since the eveporation rate degreases
rapldly with time despite constant barium oxide coverage, as implied
Wy constent emission during life, the dominent process is Kmudeen
flow rather then surface migration of sdsorbed barium oxide, The

observed time dependence of the eveporation rate is them asccounted
for ly cssuming that the resction gone sinks from the cathode surface
o8 material is evaporated cut of the pores leaving partially blociked
lengths of pores which incresse with time, This prodwes an incress-
ing impedance to the transport of barium from the resction site to
the cathode surface giving e decreasing eveporation rete and ensuring
maintansce of euiilibyiun conditions in the mection gone,

The suthors then derive an expression for the rete of flow of
saterial by Kmudsen flow tirough the partially blocked pores. The
nass rate of flow is given by

@ = x,(”#:.)p('/r)*____Q
where ¥ is the molecular weight of the material, T is the sbsclute
mmu,x, is & geomotiric constant, r.ulho effective pore
radine, L is the length of this pore and P {s theeguilibrium preassure
of (Ba + BaD), P, M mnd T are time irdependont ard ro.is to a first
spproximation. L s proportioral to the totdl mass, m, evsporated

therefore n-lzl. TN e Tk R SEae _@
W““'/“"S/.— e e S e S ®
dnn:,-x'l’re!'(%)*

Integrating for initial corditions ¢t =0, n =0
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me (M- - - __®
o e o= ()

flence, if this holds, & plot of the logarithy of the evaporstion rate
mmtmmumwmmmﬂvg.-mtmuﬁw-

Slope of =%, A slope of =0,52 was obtained between 1 and 2000 hours.
The fall in points below this line after 2000 hours is attriluted to !
ademminumvdmetxzwdrq_ |

In hedr wark on the peensed cathods Mafies and Cagpela™>® fynd
thet the addition of meolybdemun to tungsten reduces the evgporation
rate from the cathode, ﬁnwmﬁoumhdhdmmdm

oxide from & cathode with s 1007 molybdsram metrix was m}xm"’.

br%,, and for a 1007 Gungsten cathode the valuo was 100/1cns.an™2
hr'. The relstionship between evaporstion rate and the molar cone
centration of tungsten was linesr and the suthors assumed that the
evgporntion proiuct in the case of pure molybdenunm wes aluost pure
bariom oxide while the incresse due to the preserce of tungsten cone
sinted of bapium,
mmmummmmdm-mnmmm
fmﬁsxme&ﬁwﬂuhﬂm.ﬂoﬁl“,mnhmb
consider briefly the mein points arising from aidilar work on cxlde-
costed cathodes. maﬂumnutmminmwmnmp@Q
who cbteined values of the evaporstion rate of barius fres an oxide |
eathode of 0,14 gasen “whous™" at 1200% end u)wu.m"m"" at
14,00%. These measurements vere made on cothodes on platinum-iridius
cores in which thers were no reducing agents to provide excess barium,



ngmrmmuonmmmuwmsme&ma
xiickcl base and this has been found Ly m{%) who used
zbd:ei-‘n method and found an evaporation of 7.5 l.l w.a'e.hmr’i.
ot 1200%, The rete of evaporation wes found to be independent
of the thormionie current drawn but to depend on the secondsry
structare of the crystel and upon the core naterial. mm
- of Py wes 2,9 eV for equimclecular barimestrontium exide and
Je5e¥ ‘or barium oxide. It was concluded that molecular baximm
oxide was ovaporated from the cathode,
ma'fm(mm-mmmammmw
a‘btntmdnulmot&,;m.a 2 hour™! at 1225% for the evaporation
rate of bariume Plulamd&zith‘as)mdmmw
niques to study the evsporation products from exlide costed cathodss,
They found that the thermal evaporation depended upon the thermel
history of the cethodes. In early stasges of life the evaporation
from triple oxlde cathodes was largely of barium compounds, some
barium aloms and less strontium, mmwmm
oxido snd berium chloride, the evaporstion of the latter greduslly
dylng away. The largest Ba'/ Ba0® ratio cbserved wes 231 and this
dowreased sfter several hours. Cathodes on mickel bases had a
strontimm evaporation rate almost as high as thet of barium, A
small calolum eveporation was also noticed,

Marien'®) studiea the evaporation products of bariua oxide
heated on ribton filmsents of platimum, tantalum, nidcel, molybdenum
and tungstem and of strontium oxide on platinum neing & high ¥esolu-
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tion mess spectrometer for positive ion snalyses. The retio
Ba‘/hao‘ was weasyred for esch bape materisl ss ¢ function of
temperature and of the energy of the ionising electrons to dster-
mine the origin of each ion peak cbmerved. The results indlcated
(a) orly on systems barimm oxide on platinum, bariun oxide on nicikel
md stroftion oxide on platinum were the eveporation processes re-
mimi‘bh without partionlar sttertion to procedure; (b) the twe
mmmﬂmd&mplmum&atm&mm&wm
differ mortedly in their evoporation nechanimms; (c) at high ten=
peratires pesks sre faund dw to Ba0' ', Ba 0", Ba,' emi other
barium compounds depending on the base motals used; (@) a measursble
imefmmfoSr“immmmm
Yo sois 1ater wek, Pelohut®ih'? suct & Nass Spectronster
to study the eveporation from alimline-sarth cxides coated on vare
ious metsl ritbons. The eveporsnt was mainly barium oxide when
this oxide was coated on nickel or platimm, or with the other
slkaline-earth oxides on platimm. Parium peroxide is eveporated
from the To0/Pt aynten at high temperatures. Tt was found that
plots of the logavithm of the evaporstion rete agsinst reciprocal
tenperature gave twy atreight lines in sowe ceses, indicating two
sotivation energies, one predominsting st higher temperetures end
the other at lower temperatures. This spplied %o the evaporation
curve for barim oxide from o1l the systems on plotimm conteining
bariun oxide. The junotion of the two slopesz wep ot & tempersture
of 1250%. This wes not found with berium oxide on nickel lut the
suthor suggests that the nickel base metal eveporates through the
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porous barimm oxide snd that the evaporation rate curve of nickel
behaves critically at 1250, Resistance messwements of the
systems were then made nsing oxide layers pressed betwoen metal
eloctrodes, The previcusly dscovered trensition points were
found to appear quite defimitely in resistance a‘ésﬂ.mt temperature
vlots.

The evaporation prodwts found by Pelohowitch agree both with
A2ar1on(®) gnt PLmles mnd 5etth'®). o explanstion 1 suggested
cfthetmitimplnmupomnmm. Leverton and
Snapherd(”") used & @ifferent tectngius. Thay plcged rellosetive
tracera to study the eveporetion of the sikaline earths from oxide
coastings on pessive nickel bases. A few percent of the total cathode
barium, strontium and calcium was found to leave & triple oxide
cathode during processing and sgeing, The wates of transfer of
these elements from the oathode during life tests of 118 hours st
oathode temeratures from 1175° to 1275°%K cbeyed the nomel evap-
oration rete equations. The mass of barium transferred in 118 hours
at 1123 was 2,9 x 10 %g.0n"2, and frem & cathode containing barium
oxtde only wes Tuk x 1077 gn.on > at this sams tecperature. The
masses of strontium and caloium evaporated from the triple-oxide
cathode were 2. x 10 7 anl 1,2 x 10°° gu.ea 2, respectively. The
evaporation was reduced by breakdown and flashing in argon at a
pressure of 8 fow nillimetres Hg,

Paterson, T Son, el Sactepst of hesitne aad Sucabiin $o
noasure the evaporetion rate from oxido-costed cathodes. A collector
was shielded from the cathode hy & removable electrude during sctive

ation and ageing. Cothodes were xun at 855°C for 148 hours. It
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wes found thet over a range of moler coapositions of barius frem 2050
to 507 the evolution of berium waa independent of compesition Affleck
and Holrayd'?>) used 5a'*® tn arium oxide cathodes and found that the
time ruote of deposition for & given cathode iempersture was constant,
This wes achieved by use of & tube with several movesble collectors.
Wooten, Huehle and uom(%‘) messured the rates of eveporation

of barium and stronmtium fran oxide cathodes during life-tests wp to
20,000 hours. The conclusions resshed were thel the product evap-
orating under normel coniitions is largely barium metal with less

than 5 astrontium, less than 27 barium oxide snd less then 0,018
strontiun oxide, The chemical reducing agents present in the nickel
myport were found to play an important role in Cetermining the barium
evaporstion rate, Another factor which affected the rate markedly
was the composition of the sncde and grid, This had not previously
been closely controlled, MNo correlsation was found between the barium
cvaporation rete and the thermionic sctivity of iniividual cathodes
and no ellect on the evgporation rate was produced by the spece oure
rent,

The occnclusions drewn from this review are that the eveporank

from dispenser catiodes contalning berium axide alone consists of
barium oxide as well as barium, despite the suggestion of Schaefer
and ﬂdtc(”') to the contrary. Results from the 'L'=oathode indioe
ate that the percenlage couposition of the evaporant dees vaty with
cethode porosity, the more porous the cathode the less the oxide
content of the evaporant, The evaporation mte, oo, increases

with osthode poresity up to s poresity of about 457 when it is



1imited by the chemical reaction rate. Iff strontius oxide is m.
this limitetion does not cocur, Tvaporstion {rom impregnated cathod.
oheys a t"i‘ law over the first few thousand hours of lifes The ad-
dition of calcium oxide to the impregnent reduces the evsporation rate,
Mitoer ot 01(55 ) veport that the average bazrius oxide content of the
eveporants s BA¥, while Erodle &nd Jenkins'"0) find thet the oxide
content is only s swmall proporiion of the total evaporsnt. The
barium prof®cing resction is found to ocour unifocwly throughout the
tungston dlsc.  The evaporation rate from the impregnated cathode
is much grester sover the first few Mamdred hours of life than fyom
the 'L'=cathode,

osults are thus lesding to a conception of the fomp in which
active material is lost from esthodes, With s knowledge of the
varistions of the evaporation rate and the themionic properties
with both corposition and porosity a stage will le reached when
oathoden nay be produced to Sserve economicslly sy particular e
quirements and so reploce t e culinery ert which has existed in the
pamfscture of ocathodes.



Chapter IX
Diffusion Hates throuzh Dispenser Cathodes

Ho previous work on the direct measurement of the diffusion
rates of the elkaline certh metels through dispenser cathodes has
been published, Howsver, values of the diffusion rate have been
estizated fron evapuration rate meamrements ond have also been
messured for oxide~coated cathodes by seversl workers, The @&ffusion
rate of the sctiveting material through the metal to the suface is
of major importance if, at eny stage during esthole 1ife, 1t is the
controlling factor of the emission or of the evgporstion from the
cathode, The measurement and interpretation of its effects upon
the cathode perforance are fairly stredght-forward for dspenser ceth-
odes in which the veservoir is below the porous metal disc, but for
ecathodeg in which the reservoir of activeting materlsl is sctually
mmmérmam,mmnmummmm
initiel boundary caditions cennot be defined, In this chapter such
work as has besn reported is considered.

9e1. Diffusion in motals

The initiel diffusion theory wes based upon the reslisation
that for diffusion to occcur between two points there mmst exist a
i ffoyence in concentyetion between them. The analogy with the
tmmhrofmtbymmwmmmimdwm(”’mw
ted Feurier's equation for heat conduction to give the two welleknown
aifrusion equations (see (95),(96),(97)).

The equations are bosed on the hypothesis thet in isotropie
substanoes the rete of transfer hy diffusion through unit srea of
croso~pection is proportional to the concentration gredient norwal
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to the section. This gives the first equation direotly

Pt-D.ég - = C1>
dx

where ¥ is the rote of transfer per unit ares of section, C is the
concentration of dif'fusing substance, x is the space co-oriimate
measured normel to the section and D is called the diffusion co=-
efficicnt. The negative sign indicsted that diffusion takes place
down the conocentration gradient,

The socond and more genersl eguation is derived from this

-X- . 9. (D.%_E)_ ()

ot ax

vhore 9% ¢ 18 the rate of nocumletion of the Aiffusirg meterisl
ot & point shice e eonsentration geadisnt 10° 0%  If e an-
sunption is row nade that D is independent of concentration,equation
(2)recomes

This equation is found to be strictly wvalid only for self-difTusing
aystess, Equation(2)is the one applicable to interdiffusing metel
aystens and the one most suiteble for representing diffusion proo-
esses, If D does vary with concentration the equation mey be

Y 32
- = Do i Ty
ot ag ()

where a muitsble form for the function of the cocertration s found
so that Do is 2 true constant,
By integrotion a solution of emation(3)is found., It ia

written
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where 4 is en arbitrery constant. If g is the total mmount of
substance diffusing in a cylinder of infinite length and unit crues-
sect’ on, it is glven by

00
uﬁ S C.dx,
-0

If the concentration distrilmtion is given by equation 5, on writing

’%,maf ax = 2(0t)¥ ay
then Mg IZADi' ® .-’2”

-00

= - - - - - - _ @)

Substituting for A from(6)in(5)

C = 3061 .-sz/m - - - (7)
2(TToe)

In the problem imwolved, the & ffusion through cylindrical metal
bodles, the cathode spproximates to a semi-infinite gylinder ex-
tending over the region xD> 0 with an impermesble boundary at x = 0.
The solution for negative values of x is taken to be mflected in
the plane x = 0 end superposed on the original digtribution in
x)0. The concentration for the semi-infinite gylinder is given by

-a’/m
Cm ¥4 ] 2 e (8)
(TTDe)

The observed temperature dependence of the measured diffusion
coefficient is found to follow the fam
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D 'Dotﬁ-—-'-——-@)

where Dy is prectically independent of taspersture. If it is not,

then two or more mechanisms of diffusion are usunlly operative. The
valne of fip, the sctivation energy, is found ty messuring the slope of
a plot of log D sgainst /T. Both Dy and fip depend upon the concen=
tration so it is importsnt to plot for & series of values of /T values
of log D measured all st the same contentration. Very many measure-
ments give some nmean value of D over a range of concentration so that
the activation energies caleulsted from these data will also be mean

values over the smme rage.

942+ Heasurement of diffusion rates in csthodes

To detemine the activation eneryy of diffusion, fp, diffusion
is allowed to teke place for a knowm time at a fimed temperature and
then the concentration of the diffusing substonce is estimated at
successive distances from its point of origin, If the logarithm
of the concentrstion is plottsd against x°, then from equation(s)
the slope of the resuliting onve is equal to "/wt. Thus D can
be found. If tlds is repeated for seversl temperatures a plot of log
D agsinst /T gives a slope from which iy nay be caloulated by use
of equation(9).

There are several methods of determining diffusion coefficieants
In all of them successive thin layers of material parsllel to the
original interface ave removed in some way and their composition
detemined by a converndent method such as chenical, gquantitative
spectrographio, Xerey analysis, mess spectroscopic amlysis or micro-
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radiogrephy. The change in certain properties such as ionic emission,
| photoemission, reflectivity, electrical resistarce, the X-ray diffrec-
tion patterm and changes in the Carie point may elso be utilised,
The method employed with cathodes is that generally used for self-
diffusion, This inwvolves the diffusion of s radicective isotope
from & known point of arigin into the cathode which is then sectioned
end the shundence of active material ineach scction is determined

by use of a Geiger-iiiller or similar ecunter. Krowlng the percentage
by which the radiosctive isotope is present in the total diffusible
materiel and sasuming thet the radiosctive atoms behave inexsctly
the same woy o8 the unsctive materisl then the corventration of mate
" erial in each section can be caloulated from the count. If only e
value of D is required, since this is detemmined from the slope of
the graph, it suffices to plot the logaritim of the sctivity of each
soction against x°,

The diffusion of materials in oxide cathodes was invoked to
explain several obsexyved effects before any direct measurements
wore cade and the diffusion of barium pleys a major role in several
proposed theories. to explain the mechanism of such cathodes. Becker
andﬁun(”) mgrested that barium diffused through an oxide cathode
to maintain an optimum concentrstion of barium et the eathole surface,
mmm‘“’m&mmwmmtm-n
alkalire earth oxide coating from the ionlc mobility and obtained
DY 2.5 x 107 lontunec | at 1225%.

Some of the earliest direot messmmrements applicable to the oxide
c-um-mmwnm“m)-homunuﬂn-uanu
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of barius in single crystals of bariun oxide over the tempersture
ronge 550° = 1520% snd the surface diffusion rate of barium in the

same tempersture range, £ radicsctive tracer techmique, employing
WOny, wes used, The caystals were seotioned by seems of & mioyo-
tome {or the intermal diffusion measurements, For the surfsce
diffusion nesswementa & moveble slit system was used to scan the
distribution of the surfece, It wos found that the barium diffusion
took place Wy two dofect mechanisms, Only the combination of the
interstitial stom and the barimm wvacancy defects gave » correct phen-
amenological account of the cbservations, The energy requived to
form an interstitial barium atem and & barium vecency wes 25 SeV
sesuming that the identificetion of the borium vecanty was 1.7= 0.3
electronic charges. The value obtained for the asctivation energy
of nu:racq aiffusion was 0¢16-’- 0.,03¢V. Reding'on smggests that in
oxide cathodes of pu'ﬁ.cle sige less than 0,2 ,J-&lmhr surfsce 4if'-
fusion can be expocted to be the prodominate &l ffusicn process st
sbout 1000°K.

Thess results were used by Sproull, Bever snd Libowi
in conjunction with their omn peaults to determine the diffusion
preoess which gives the blue colouration to barium oxide erystals,
They concluzded that this process does not transfer barium snd that

the principal lattice defects in barium oxide with excess metal are

oxygen vacaucies,
A contimuation of Redingion's work using an gxide~conted cathode
in place of & single barium oxide crystal wes carried ocut by Bm('m).

The resulis from this work indicated that two diffusion processes
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were operative, one predominating above 1280%K and t!s other below
that temperature. The activetion enorgy was Loi= 066V for the
higher temperature rmeghanism and O.M)'-t C 076V for the lomer ore.
D lay between 3 x 10 Jon>.sec ! at 1,907 and 1.5 x 10~ ' 2om>,00 s
at 70, There is & Aifficulty in epplying these remlts to eluc-
idate the thecry of the oxide cathode since & berium axcess in the
eathode can also be created by the dif'fusion of oxygen vecancies.
The diffusion rates of various elements in nickel have been
messured, Lander, Kern md Beech!'®3) used carbon in nickel snd

obteined the relationship betweon D and temperature
InD = 0,909 = zo.mo/,

over the tmperature renge 700 « 1,300"0. The diffusion was measuroed
by finding the rates of evolution of carbon monoxide end carbon dioxide
1iberated by carbom from mickel oxide coatings,

Feteraca, Anducmen sod Sogherd ™™ have reporied on B Sagpee
tance of the diffusion mtes of reducing agents fvom the bame nickel
in the chemical activation of oxide cathodes and found that the
strontium evaporation rate provides o direct indication of the rete
of reduction of the costing, The values of D, and fip obtained for
the verious metsls are summarised in table I. The full deseription
of the diffusion rate messuvements in this work wes given Ly Swalin
onil r,m(wﬂ.

Inahﬁrm‘ws) s model of the cathode was proposed to
explain these results, One interesting conclusion drewn by Peterson
from this work was that 8 bulk diffugion process occurs inthe oxide
erystels during chemical activation and that either the surfece ade
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Teble I

Redueing Agent Do(alz.loc-‘.) Bolev)
Al 1.87 2,78
Kg Ouide 2.6
T 0,86 2467
v 11.10 334
Mo 3.00 299
8i 1.50 2,68

sorption energy for free barium on the oxide crystels is 3.3eV or
that the bulk diffusion coefficient is much less than the value
sdven by Radlngtm('w) for barium in berium oxide.

The diffusion of tungsten in nickel has recently been measured
t& Allison and Hoon“oﬂ. They used '85! in gingle and polyorysto-
1line nickel over s temperature range 1,100 - 1,275°C., Redicsuto-
grapha were used to cbserve grain boundary diffusion, For volume
diffusion the value of ) obtained was 3,09V and Dy = 1.13 a2,
sec ., conpared with Swalin and Yartin's 3,30V snd 1141 eaZesec .
Only two messurements were made on diffusicn through polyerystalline
nickel and these indicated a diffusion rate higher by a factor of 3
than volume diffusion st temperatures above 1100°C. Radicsutographs
showed clearly grain boundsry diffusion., Attempts to messure sur-
face diffusion were unsacosssful.

g previonaly mentioned no messurenents of the diffusion rates
through digpenser cethodes have been made elthough in the theories
proposed for the mode of operation of these cathodes difiusion of

barium slong the pore walls, together with Xmudsen flow through the
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pores, is suggested as the transport mechanism. In the following
chapters the attempt to make such measurements 1a descrilbad.
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Chapter X

Techniques

The experimentel work on eveyoration and diffusion iz @ivided
into six sub-secctions. DMiferent types of tube were constructed in
an atiempt to messure:- (a) the eveporstion and diffusion rates in
the "'~cathcde metrix using ‘Ba., (b) the eveporetion from the
cathode using the Dedier mtma(?a) to noertainlif the res:lts agreed
with those frem the use of the isotope, (¢) the surfece diffusion rate
of the isctope over niokel, (d) the diffusion rote through the cathode
matrix in the presence of argen at a pressure of sbovt LOO ma.Yge,
and (e) the effect of a deflecting electroststic field upon the avep~
cretion rate, The sixth section concerns &an sutorsdiographic study
of the barium distribution throaugh a cathode ard at the ecathode gure
fave.

The construction of the varicus tubes is describved and the methoed
of malking measurements on each type is eutlined. The initisl section
deals briefly with the precautions taken when working with the radio-
sctive meterial to prevent any risk of contamination and this is folle
omed by a short section on the chemioal prepavation of the Tlabelled'
barium cerbonate.

10.1. Protective precautions

The uss of radloactive isotope, “Pa, in the experimental werl
nocoss’ tated the removel of apparatus to an isolated room, so positioned
that other persomnel and apparstus were unaffected Ly may rediation
ingide the rom. This room was converted into a trmcer labareatory.
The maxinus smoant of *OBa present in the lshoretory at sny one time



RADIATION DATA

TELS (n,t) -:u"—‘?-. C'MO @ 80'40 -Lo'4o4C¢'é%taN¢)
_BARIUM 140 ; —
Holf Life 12-8 days.
Type of raodiation: beta gamma
Energy in MeV: 0-48 (40‘/ 0-03
1-02 (60% o-13
O-16
030
054
decays to La'40
LANTHANUM 140, —
Half Life 40O 2hours,
bet:: gomma
042 (16 %) | ©-33 (247,)|
0-86 (12%) | 049 (467,)
115 (20%) | ©0-82(26%)|
1-36 (30%)| 0-89( 1fl)
162 (14%) | 1-60(96]
2-20 (&%) | 2-57 (4

figs 10. 1, 1
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was 1 millicurie but a large ssfety factor was allowed in taking the
desoribed precoutions.

The floor of the lsboratory was cooted with Perveko flcor paint
(9ritish Talnts Lid,) to £i11 all eracks ond pores md to facilitate
wvashin: down in the case of s spill., The bench at which the necessary
" chemistry was carried out wes covered bty e single sheet of almminium
to @16 eracks in which sctive materiel could sgcumlate and for the
ease of weshing down. The room was well ventilaied to give an ade-
quate slreflow rate.

The decay scheme for ona 3s shown in fig (10.1.4) the principel

radietion enitted from the protection point o' view being the *E-
radiation. The sctive material was stored in a lead csstle which, in

turn, wes surounded by lead blocks $f inches thick. This ensured
that there was vexy little cheance of any sctivify from the isotope not
in Srmediate use being detected in the lsboratory. ALl measurements
on the activities of samples in the experisental work were carviod out
in a seporete counting rooms The high toxicity of g, if present
in the human beody, is due to its sccumlation in the bone marrow end
the posaible meligrent consoquences of its presence in such o vital
region, Otriet precantions were taken toaveid it being ingested

or entering the body through cuts or abrasions,

| Rubber gloves wore worn whengver sctive moterial wes handled,
Thay were washed with sosp and weater after use while still on the
hends and the "surgicsl tochnime' wes epplied in puttirg on the
gloves cr removing them. A pair of CeeVee reachers, 3 ft.long, were
employed to handle the millicurie of materisl whensver possible. An
overall button ng to the aoek won worm. A £ilm, supplied end developed
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fortnightly by the Radiclogical Protection Jervice, was slweys earried,
A guarts Tibre electroscope wae also carried te sive an idea of the
eccuulated —x ~radiation to which the body bad been exposed. The
lshoratory was monitored dally, when working with the isotope, with

2 hand rediation monitor, tyve 11184, to cleck for any spills or res-
idial ectivity. All waste wes stored for st least 40C days, i.,e, 8
times the isotope half=life, and then memitored before dispossl hy
burial,

A AP iculty swse in moanting valves containing "sctive' catilodes
on the pmumping system, lNo glass blowing using & nmouth-operated blow
tube wes possible, This was overcone by the use of a footwoperated
bellows which proved an adequate subatitute, ¥hon the valves were on
the punping system or on the bench they were sercened by lead shielding,

10,2, Freparation of the barium cerbonate

The rediocactive material wes obtaired fyun the Isotopes Division,
AeE. N7 ey Harwell, in the form of Parium chloride in 0.1N, hydrochlorie
scid, Immedistely the isotope was received it was diluted by meking
up its volure to 150 mls, with O.1F, hydrochloric acid in which 27.8
gns. of Analsr barium chloride wes dissolved. This gave 10°°C gus,
of ective materisl in 0,2 ges. of barium chloride. Trom this 1t

follown thut 1 count per mimute was equivalent to 5.5 x 10'9 gne.
barium befure the active material began to decay,

25 als of the barium chloride sclution were taken by means of a
pipette, using a filter punp to drew the active sclution into the
pipetie., The remainder of the solution was plsced in a lesd castle,
until required. To the 25 mls of solution 85 mls, & dughtm.
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of & nomal solution of srmonium carbonate wore added, Tarium
carbonate wes precipitated snd the filtrate was removed using a
fiiter pump, The precipitote was wshed thoroughly seversl times
with distilled water and dried. The carbonste was then placed in
an airtight container in a lead castle end used as required. The
aﬂyim:dtyofmmnﬁhtohmb@wthmomh
was chlorine but adding excess amonium carbonate and the thorough
washings should have reduced chlorine present to & negligible eucunt,
10.5. EBvaporation and diffusion rate measurements \uﬂ.nawoﬂo.

The type of valve uged for those measurements is shown in fig
(10.341)e A normal *N'ecothode was not used in this work sinoce it
would have been very difficnlt to have carried cut any diffusion
mesguroments upon o cathode in which the aotive vaterial wes initially
evenly distributed throughout the nickel matrix, Instead, the berium
carbonate was pressed on to the back of a nickel dise conteining
0.1% milicen whi-h had besn processed in exectly the seme way as an
N %ecathode, After breakdam of the carbomate and sctivation the
themionic proverties of this type of cathode are wery asimilar to
those of the "M'=gathode and 4t wes asamed that vhen fully sctivated
the two types ere idemtical in their mode of operation. The validity
of this ascumption is discussed in Chapter 12,

The valves took the form of simple, planer diodes with an anode
conalsting of a 2 cm, dismetor "0'-nickel dise which could be rotated
to ore side of the tube Ly use of an external magnet acting on a
nmagnet elug fixed on the opposite end of an amm to the anode, This
exposed & second 2 on, dispeter '0'-niciml disc to the cethode, The
mﬁ&_‘cmﬁmdabmtim.mmmmwudmﬁn
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enode wes in position the fixed collector wes completely shielded fyom
evaperant from the cathode, This srrangement wos much wmore convens
fent than a moveshle collector only as it ensbled thermionic measure-
ments to be made on the valve, The anode-cathode separation wasédout
{ mo, a8 in previous velves, The separation between cathode and oole
lector was nessured ﬂ;ﬁxaoaﬁmmﬁr. A1l metal camporents were
hy&vmnihm&dhfuvm-

The cathode wes rroluced by pressing nickel powder into one end
of a welghed, 0,5 on, internal dismeter '0'eniclel tube to give & plug
abeut 3 mme thick. The tube plus powder was weighed to determine the
mags of the powder. Onto the back of the dise was tien pressed 0,25
@ of tio 'labelled’ cmbonate, A plece of thin *O'enicrel gheet
mpuumonwmmatmmuumuam,bmr
vhich vas inserted in the remsining cevity, The cathode, heater and
themoocuple wore mounted on 8 7 pin, FK 10, C9 glase pinch suplied
bty Bdlgon Jwen, Litd, mmmm'lqum-ﬂuf
80 18 5.7,0s *0%enickel am 1,5 on, long on the other end of which
aﬁgmﬁ.culumquin@ﬂmmhd@\vp&uetu'b'—ﬁ&l
strip around it. mmmoruim,mmmw
wu,mmmmeu.qrmmmwmm. This
agoanbly formed the yotatable part of the velwe stmoture,

The ands of tho tungsten rod rested in soall glass cups construce
ted so that the tungsten had ne lateral motion but wes yotasteble, The
mammW'mmmmmmnmw,
wolded to 18 §4VeGs nickel supports. These mijporte wore spote
wolded to the pinch Jeads. A place of 0,25 um, Sleseter '0enickel
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wire coll wes welded at one end to the ancde ans and at the other

tomﬁttnnickelmpport-ﬁumuanmm The fixed
colleetor was also supported from the pinch by 18 S5,W.G. '0'-nicitel
wire, Two barium getters were attached to the sg-embly near the

pinch and the whole sssesbly sealed into 8 C9 gloass envelope, type
T%/195,

The volve was sealed onto the pumping system, pumped cut and
wraruhmnauzo%ummemﬁmmm A2
hour bresludowm of the carbonste ves slso carried out as before.
Activation consisted of ruming the cathods st 9507C for snother 3\
houre with 250 volts applied between cathole and ancde, after vhich
the themdionic emission from the csthode was constant at a few
millismperes, The sapplies were then aswitched ofT, the valve re-

* beked for 4 hours at 420°C and the netal parts eddy-current hested,
The gotters were cutgacsed apd then fired and the valve wos sesled
of f from the gystem.

Cn the bench the cathole was held at a fined temperature for 25
hoirs, no emissicn being drewn, with the collector exposed to the
mtwnmpmofm;ﬁm‘hmuwwmt
the eolleotor becoming too heated and losing materisl by reo-evepcration,
ifter 25 hours the cathode heater was switched off, the valve was
opened and the collector wis carefully removed, Several counts were
then made on the collegtor with the spparatus described in Chepter IV,

The sboolute value of the count frum the collector was found in
order to determine the evaporation rote in M-g.m". The comnting
rete recoxded on the scaler, ¥, is cormected with the disintegration rate,
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where F.is the efficiency of the comter, St is the correction factor
for the deed time of the counter, 55 is the correeticon fector for back-
scattering, g,.u the correction fsctor for sbsorption in the alr and
in the countoy window mdgsia the correction factor for self absorption
in the sample.

Irammmhmd,gsmbmglwm. The valwe of
thotemﬂﬁgggwmmwbymd'lw,g-wm,,ﬁm,
in the same position with respect to the coumter and in the seme sample
holder as the semples to be counted were placed, 10 counts of 10,000
wore made with the standard source shich gave a standard deviation <17,
The stardard source wms scourete to only =3, The backacsttering and
sbuorption in the air and the courter window were then the ssme for all
cases and eould be included with the counter efficienay. The value of
this foctor for the Gelger-iuller tibe used wos 2,117, The only fsctor
which bad to be calculated each coutit was thet comrecting for the dead
time of the counter, Avdmdl)imu}dﬂwnbeabtd:ndﬁmﬁnob-
served value, N, From this the actual amount of barium on the colloctor
could be celculated since the degree of decay of the meterisl was resd
of f from the decay chart shown in fig. (10,3.2) and the mass equivalent
to 1 count min | wes known,

The percentage of the ttal evsporant from the cathode which had
been collected was determined theoretically, If a is the distance be-
tween the cathode and collector, b is the yadius of the collecotor and ¢
is the radius of the cathode, the fraction G/ of the maximm sclid sngle,
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2714 between costhode and collector is given by

/
G=05(1_ E M 35 é
[ (h(S) 8 (1*/5) ( 16 (1.{3)7/2 65 (h/g) )

o M _p  um A )]

¥ (G (up”z 256 (1+/5)"/2 103, (1592

whezv/?:ab/‘z and 'y = ¢’/ 2. In the srvangement used the collestor
radiug was 1,0 an, and the cathode radius was 0,25 cms. in all cases,
so a greph, Mg (10,3.3), wes plotted of G/S.n percentage of evapormat
collected against the csthodeecollector separation so that the percentage
of the total evaporant collected in any tube ocould be read off directly,
The evaporation rete from the cathode was thus found and the result gave
8 point on 8 plot of the logaritim of the evaporation rate sganinst the
reciprecel of the temperature. The remlts fron several such valves
mun ot diffeorent temperatures gave s straight lins from the slope of
which the sctivation energy of evaporation, fiz, was found,

The eathode was cerefully réemoved from its gylinder and all active
materiel remaining betwsen the cathode and the nickel dise at the reer
was cloaned away, The cuter layers around the sides of the eathode
were cicdmmed off on a lathe to remove any materisl shich hed diffused
along the surfece between the cathode mnd the gylinder, The thickness
of the csthofe was measured with a micrometer sorvew gauge and from this,
together with the mass of powler used and knowing the eathode dlameter
and the density of nickel, the porosity of the cothode was eelouleted
from the fonmula stated in section 3.3
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A lathe (4" Boxford Precision lathe) wes used to seotion the cathode
end scoticns as thin 0,09 mm could be ent, With the firat two cathodes
a micpotone was tried but it was lsposaible to cut a gection of even thick-
ness due to the hardness of the nickel., The sesgtion thickness was doter-
mined by messuring the cailode thickness before and after taking the seo-
tion The turnings were collected as cech section was cut and after the
vhole cothode had been sectioned counts ware nmade on each seotion to dot-
ormine the smount of barium present in eech. The mean of five counts
on each smple was taken, A graph was plotied of the logaritim of the
mﬁmnhwf.whmxmﬁmdhtmmmbuadﬂn
cathode to the centre of the section. A profile of the distritution
of barima throughout the cathode thiokness remlted, The slope of this
graph geve the velue of the diffusion ooefficient for thet partiocular
temperature, The diffusion ceefficlents for catholes at vericus tem-
peretures wore obtained and by plotéing the logeritim of the diffusion
coeflicient against the reciprocel of the tempereture the sctivation
energy of diffusion, fp, wes cbiained fram the slope. Esch valve of
this type yiclded oue point on the graph for fiz and one polint on the
grogh. for fhe.

10,4, lossurenent of evaporetion using the Dedier method

Tubss were built te neasure the oveporation sute by the Besker'T0)
method, described in Chepter 8, to verify the resulta obtalned by use
of the isotope. A dlagram of such a tube is showm in £1g (10.4e?)e
The cedthodo was constructed in the same manncr as deseribed in the lest
section except that Analer berium cavbouste wes used instead of the
'laballed’ carbonste, 7This wes mounted on an FE10 pindh and a movesble
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simtter, the smse as desoribed in secti-n 10,3, wos positiomed about
1 nm, above the cathnde, A 0,18 mm, diameter tungsten wire sbout
2.5 ons, long with a short length of tungsten -pring at cach end to
keep the wire taut when at higher temperstures was mounted between
two 10 E.W,Ge nickel supports horigontally and aymmetrically over
the cathcde shove the shutter. A tungaten-nidiel themmocouple was
used, op before, to messure the cathode tempereatire, Two bariom
getters wore inserxted ncar the base of the ascepbly which was sealed
in a C9 glasa enwvelope, maunted on the pumping system and baked at
420% for 4 hours,

The breakdown and ectivetion procedure followed the same pattern
as with the previcus tubes., After ageing the vaive was again heked,
the nmet2l parts were eddy-current heated, the peticrs autgnssed and
fired and the valve was gealed off. The tungoten wire was flashed
.tawmmm%tomn. The esthode was held at
some fixed temperature and after 30 mimates the ghutter wes opemed

. for 2 mimites snd then cloged. The tungston wire had a current

pessed through it which had been predetermined to give a wire tem~
perature & 600% o8 menswred by an optical pyrometer. 12 wolts

were opplied between the wire (cathode) and the shutter (enode)

and tho enission from the wire was measured by neans of & sensitive
galvonometer, (1/4m-6117m)]mmmlamdnmimlm
The eurront through the wire and the voltage mpply were cut off, »
the wire was exposed to the cathode for amother two mimates and encther
emiscion measuraynt was made, This was repeated until the emission
fyom the wire passed through & maximum., The maximm emission core
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responded to total or almost total monolayer coverage of the wire,
Enowing t'e tine to obtain tids and assuming Brodie and Jmm'(”)
value for the masa per erea of monolayer, the evoporation rate could
be calculated,

Ths wire wac then dleaned by flashing several tinmes, the cathode
was reized in temperature and the prooedure repecated, Thus with one
tube it was possible tocarry cut & range of measurements at different
temporatures to cbtain a value for fig, To obtain g it was only
necessary to plot the logarithn of the time taken to obteln monolayer
coverage ageinst the reciprocal of the tempersture, the ulope of the
graph giving fg.

10.5. Surface aiffusion measurements,
"he surface diffusion rets of OBa gver nidcel was mossuired in

the type of tube shown in fig (10,5¢1). The nickel bar wes mamme
factured by pressing the L - 54 oathode nickel powder into bar fam
by mesns of g punch and die, The pressure wasz applied by a fly-press,
as for the catlodes, A weighed sncunt of nickel powder was used,
The nickel wens sintered in a tulnidar furnece in an atmosphore of
hydrogen et 1100°C for an hour. The bar dimencions were taken and
ite porosity ocaleulsted, Bars of sbout 127 porceity were selected
to correspond with the porosity of the cathodes., A seleoted bar
vas machined to give s rectengular cross-section 6 ua. wiie by 3 mm.
deep. The lemgth of the ber wes sbaut 3,0 on. A small step woe
cut in one end of the bar on widch the sotive barium carborate was
pleced, The edse of this step was clearly defined as all distence
measurenents were nade from it, A retaining strip of *0'-nickel was
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welded arvand the edge of §t to prevent any sctive material from
splliing.

The bar was inserted centrally in a cersuic tube of internsl
diametor 1.2 am and leng®: 5 au. The wall thiciness was 1.5 wm,
These tubes were suyplied by Meavrs, Pullers, Ltd, On the cutside
wmmmmnucauofmmmp;i/nxom&m.
and resistance 4e20 olms.yd e As mch wire s possitle was used.
Two 10 5,7,0e nicicel mupparts held the ceremic tube in place and
served as leads to the coll, The tempersture of the nickel ter wes
measwed in the umal way Uy a tungeten-nickel themmocouple, the
tungsten wire belig spot-welded as near to the murface of the bar
as possible to the step. The whole assenbly was memnted on an
FE10 pinch and mealod in a CY envelope.

All @alffusion was caxrried out with the valve on the pumping
systen, The valve was beked for 4 hours st 4,20°C and, efter cooling,
an altemating cmrent wes passed through the hestor ocoil, control
being exerted Ly means of & Variee transfaraer rumning off the mains,
The maximum bar tesperature thet was attalred was 650%. The bar
was heated at & constant temperature for 48 hairs, The preswmre in
the systan wes alweys less than w’sn.ﬁg. darirg the diffusion un,
Some of the nichrwme eveporuted inthis time orto the inside of the
envelope but the bar was protected from this eveporant ly the ceramic
tube,

Aftér 48 hours ran:dng the heater wos switched of f, the valve
removed from the system end opened. The step was machined off after
sry radio-active material wes clesned sway. The surfecescn the sides
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and bottom of the beor wore gcdmmed to remowve any sctive meterial
vhich mpy have ddffused over them., Sections across the top mnrface
of the bar were taken Yy mesns of the lathe, Theze caild de cut
to & width of 0,01 mn., The depth to which they were taken was 0,5 rm.
411 twenings were collected end five counts r=de on each sample, the
mean bedng teken. A groph wap then plotied of the logarithm of the
activity of the asmple against the square of the distance of the
sample coentre from the step edge. “The slope of the resulting plot
gave o value of the dif umion coefficiernt a2t thet paxticuler bar
temperature, By obltaining the diffusion coefficiorts st various
temperalures and plotting the logarithm of then sgalnst the reciprocal
of the temperature, the activation energy of surface diffusion, f,
was obtelned fram the slope.

10,6, Diffusion in the "M'-gnthode in the presence of arpon.

To elucidate the resulis obtained from the pessuresent of te
&Effus!on rate of barivm in the N '.eathode, descridbed in section
103:p it wos Jecided to repeat these measurenents vhen the cathode
was in orgon ot o presswe of sooe hundreds of e’ Ze  The mean
free pailh of argon at 00 mntig. is 0.2/.\ which is much sealler than
the expected avernge pore dauctor in the esthcde, The velwver were
made in the seme way oe descrited in scotion 10.35. except thet the
movesble ancde was dispensed with and the fiwed collsctor was moved
o within sbout 1 ym, from the cathode,

Two tubes wore made up and a side arm contedining & congtrdiotion
and & brecksble internal seal was put on each erwelope. The tubes
wore nomnted cm the pmping system with the side ams paraliel and
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about 1C em. spart. The tubes were linked to & litre flask of aryon
at atmospheric pressurs, as shown in fig (10.6.1), by means of a T-
plece of gless tubing, A breaksble internal scel wes included in
the meck of the argon flask., A magnetic ball wae placed in this
T-tube to serve ns & breakere The two scals in the side amms on
the tubes were broken to pump down the tubing betwesn the valves
and the srgon. This system was baked for 4 hours at 420°C end the
wetal perts then eddy-curvemt heated, The carbonate wes broken down
and the cathode sctiveted in exactly the sme wey as desoribed in seo-
tion 10,3. The tubes were rebaked at 420°C for 4 hours, the metal
parts were eddy-current heated, the getters in each tube woere cut-
sassed and fired and the two tubes were sesled off from the pumping
syatem,

The internel seal to the argon flask was broken releasing ges
into both tuben. Toch tube wos then aealed and drswn off from the
argon gystem.st the constriction, The esthodes were hested to e
fiznd temperature and left for 25 hours, The raximm temperature
cbtainabtle with apgon in the tubes wes Jjust over 1000°C. After 25
hours the heaters were switdhed off, the valves opened and the cathodes
sectioned as before, The diffusion cvefficients were found in the
ungunl way., The pressure of the argon in the wvalves was estimated
to Ye just over half an atmorphere i.e, sbout 400 maHg., since the
volune of the two valves and conmeoting glsss tubing was not quite
one litre,

10,7. The effect of en electrostatic field on the evoporstion rete

To obtain infomation as to whether any of the eveparant was

in an iorised form it was decided to study the effcct of an electric
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field on the evgporaiion rate. The field necess:ry to produce a
defloction of 1,0 em. in a dlstance of 0,5 on on 8 beam of singly
charyed berium ions when the deflecting plates are 5,0 om. spart
is 60 volls,

The type of tube used in these experizonts wms the sawe as those
for the Pecker messurements described in cection 104, (fig.(10.4.1)),
but in sddition two rectanguler *0'enickel platos 4.5 cm by 3 om, were
positicned 4 om. apert, cne on each side of the cathode-wive gystem,
The cathodes wore proosesed in emxsctly the sanc way as before and after
seal-off w0 measurasents wers nade of the eveporation rate at a given
temperature, as bofore, A voltage was then spplied between the twp
doflector plates and the evaparation mate neasured twice more, This
procedire was repeated for severanl temperatures, Any difference with
and withont the applied field in the eveporation rate must then be dne
to ions belng deflected awny from the collecting wire,

10.8, Autorediograpbs of the berius distribution in sn "M%-cathode

Cathodes were produced as dosoribed in section 10,3. and mounted
with a fixed anode 1 mn. away from theiy surface, The walves nade
up from these cathodes were processed in the sane way as those for the
aiffusicn measurenents. Valves were gpexd atl various geges during
sctivation of the cathodes snd af'ter complete activation, The ocath-
cdes wore romoved and very carefully placed fece downwards on a pieos
of stripoing emulsion from & Eodak sutorsdiogrepiie stripping plete
ARS0 rosting on & glass slids, This arrangemant wmes placed under a
porteble X-rey machine and exposed to s 2/5 second burst of 0KV
X-rays which outlined the cathode on the film, The cativde, film
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and slide were fastered fimly together ly means of esllotepe, wrapped

i: black paper eawd put in e dark place. The times of exposumre yanged

from several hours up to a week. At the end of the exposure time the

film was unpacked in the dark and developed in undiluted Rodsk developer,
D196 for 6 minutes, The filn was immersed in clean water for a mimte,
fixed for 15 mimtes, washed in ruming wsier for 15 minutes and then

allowed to dry in a dunt free atmosphove,

Prints could be taken off the negative using whatever enlarpement
was roquired. The mamfectires quote the optimum resolution obteinsble
wvith the AR50 emulsion as being of the orver of 12 microns. As weoll as
obtaining o ploture of the catliode suwrface by this method sn ldea of
the distribution of barium tironzh the catlodie wes obtained by section~
ing e cathode down the centre and pledng both saalegylinders fece down-
wards on the film which wes then developed, The setive parts of the
cathode showed white on the prints,

This seetion concludes the description of the various technigques
‘amployed in the eveporation and diffusion studies and the results
ottained from the use of these aye now considered,
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Chgpter II
Rosults

The resulis from this work are comweniently divided into two maln
sections, the first conteining the results of evaporation rate measure-
nents and the second those of diffusion rates. The former section is
gub=-divided to cover three types of measutements; the evgporation rate
as determined by use of “O8a snd by the Becker method, md the effect
of an applied electrostatic field on the eveporant. The latter seo~
tion deals with the diffusion of “Uba through "i'wcsthodes both in
mnmmWnndwiththemﬂﬁ'uﬁond%muidml.
The tecimiguas involved in maldng these measuraments were given in the
last chapter so this chapter consiots of e swmery of the resplts ob-
tained,

11.1.4. Bvgporation rete measuremonts using "‘nbu.

“he type of tube used for these measurements is deseribed in
section 10,3 end shown in fig (10.3.1). Sinee the half-life of
WOhy 38 13 days 1t meant that far cach delivexy of isotope the
experinental work hed to be completed 3 weeks sfter receivirg the
tracer. The tubes were prepored prior to yecelving the isotope se
that sll thet was necosscry was to preas the active material onto
the bock of the cathode dse and mount the cethode in the sesembly,
evacuste md sesl off the tube. The first batch of tubes built
differed from those deseribed in seetion 10,3 in that the collector
was rotatable, no shutter being incorporated, The cathode-collector
separation wos shout § mm, in these tubes. In tahle I are shown the
results for the evaporstion rate obtained frem the first eleven tubes
vhich were sll made using the first delivery of the isotope.
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Table I
e Tewp °C _ Eveporstion Note (meca cases )
7 1050 1.62 x 1072
71 1020 1.4 x 1070
29 1000 7.29 % 1077
712 1000 2,30 x 107"
Teb 9%50 9.10 x 10"8
.5 925 1,60 x 10°°
T 900 6452 x 10°°
7.8 900 1.66 x 10°°
To2 875 7025 x 1077
3 875 6.56 x 1077
715 850 7412 % 1077

The values obtained for the eveporation rates had quite a large
scattor for cathodes yrunning et the same terporsture and the dependence
upon tesperaturd when the lognritim of the eveporation rete wes plotted
aseinst /7 wes only veguely appsrent. The best line through the
points inlicsted an sctivetion enexryy of evgparation of 0,96eV. With
one of the later tubes of this group s themoccouple wes included on
the centre of the lower face of the csllootor snd its temperature
measirod whon over the csthode, With the eathode ruming et 1000%C
the collector tempersture was almost 600°C.  This sugzested that the
imcongistency in the results may be due to am sppreciable smount of
the collected material being re-evaporated, To overcome the heating
of the collector it was decided to have & fixed oollector at twlce
the distance from the cathode and to interpose o moveshle shutter
betwoen the two, The type of tube shown in fig (10.3.1) wes there-
fore made, The shutter was opened for short, timed periods to ex-
pose the collector to the cathode, This method wes found very ef-
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fective in keeping the esthode temporature down,

The second end sucooeding groups of tubes wern made with the
noveshle shntter. Ton more tubes in all were censtructed for evep=
oration pate measurements. The remlts obtained from them eve glven
in teble 11, The temperature range covared by the measurements was
fyvom G50 - 1020°C,  The rosults are plotted in fig (11.1.1) end £it
well to o straight line fyom vhich fip = 2,1%V. The points botween
m°md900°c show the greatest divergenos from the line,

| Table TI

ute __ Tamp.(%C)__ Tvaporstion Pate (@n.on ceseo )
15 1020 9,173 % 107
©22 950 2.63 x 107/
218 90 T2 x 1070
27 875 6426 x 1070
23 850 2,68 x 10
26 825 2.8, % 10°°
721 300 2,90 x 1072
723 750 kBt x 1070
n 700 1,39 x 40~
25 650 8408 x 10710

11162, Measmrmmant of the evaparation mate by the Tecker method

Two ubes, as shown in fig (10.4..1) were constructed and used
foy evaporation measuvemants in the merner deseribed in section 104,
#ith the first tube, alter two trial runs, eight messuremmts weye
made, Typlcal examples of the curves obtalned by plotting emission
fran the viro eguinst time are shown in figs (M1.1.2)=(11e1eh)e The
resmilis were plotted ss log (stom layers. sea™1.) agsinst e, us
shown in fig (11.45). From the slope of the vemlting strefght line



Log

ATOM LAYERS

SEC

EVAPORATION MEASUREMENTS-BECKER METHOD II
56 b= 2:53ev
45 %
3.0 0)
O] \
T.e ‘
»5 80 85 9.0
Ve x 10

i, 11, 1, 6,



127.

an sotivation erergy of eveparstion of 2,48 eV was citained, ‘This

n’"ofsa. A secord

was O,3%V higher than the value obiained using
tube was tudlt end eleven readings thikon over s range of temperature
900 - 1.05G°C. The sotivation encrgy plot is shom in £ig (11.1.6)
and this gave a value of fp = 2,53V. “his was in good sgreement
with the reault fros the previous tube,

The dlsorepancy between the resulis from the Dedter method and
that from uee of the isotope is not large end could be due to loss of
collected eveporant still occouwrring by re-evaporation in the latter
case, although this had been conaiderebly reduced by wee of a shutter.

11.1:.3. Effoct of en aplied field upon the evaporatit,

A study of the effect of sn spplied aleciric field on the evope
oraticn mte wes made using the tube desoriled in seetion 10,7, Two
runs wers ssde with no field spplied and two mum were made with 250
wolts spolied. This was done at s oathode temperature of 1000°C.

The remiite are shown in tabie ITI,

2= 9000°C _ Time for monolaver coverams
Hithout fleld 2.1 nins
" " m L
With Piela 23 *
" " 2}2 "
Tohle TIT

A second attompt e made to delset any effocts of the fleld.
This tine the esthode was run ot 1012°C end the messurmments without
and with en spplied field vere alternated. The resul’s are showm in
table IV, iAgain no effect was cboerved indicating that the evaporent
from the catheds is not lonised,



#i
40
Log,u Sam
39
38
37
36
35
34
33
32

a1

DIFFUSION (T10)

TEMP9’5°C

¥

L]

x2(Mm?)

fig. 11, 20 1,



36

34

3.2

30

24

DIFFUsION OF ' 40ga:— (T27)
e e

r 3
U

_

TEMP

875°C

i

figs 1de 24 2,



4.6

4-4

DIFFUSION OF 4Cgg

Log M\BB

4.2

40

TEMPERATURE 700°C

3-8

3-6

34

3-2-

)

fige 1l. 2+ 3



128,

% = 1012% Time for manalayer covorege

Without field 202 mins

#th field 193

74thaut £is13 o0 "

%ith field 27 *
Tahle IV

11,21, The &iffusion of “OBa throush & nickel metrix in vecuum

The aiffusion rate of 'CBa was memsured thruagh fifteen cathodes
in vecmm. A dlegrem of the tube arrangement is shown in f£ig (1043.1).
Typical cxwples of the diffusion prefiles obteined exe shown in figs
(11e2.1)={11423}s It was spparent from the profiles that the ect-
feating naterial had di ffused theouzh the cativwde and that & coancentr-
ation rod built up st the cothode surface, This was a confirmetion
of previcuz indications that berium, in sae form, over the smface
of the cat'ode was responsible for the efficiency of this type of
emitter, It also sigaified that the diffusion rute of verium thwough
the malrix was granter than the eveporetion rate {rom 2 nomal,
sotivated cathoie,

An apalysis of the dffusion profile presented two diffionlties,
The first wes that some barium diffused into the cathode matrix during
the bresilom of the carbonete sc that at the instant from which the
diffusion vas timed the sctive material wes not all confined below the
bese of the cethole., Hewever, provided that esch oathoie was mib-
Jected to exmctly the sare treatment before the start of the timed
diffusion, then the initial conditlions {or the meemwed psriod should
be spprosdmately the seme in each oathode. [rom the profile a value
of D was obteined, the logaritim of which was tion plotted agsinst
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1/% to give o slove from which fip was found, Sinoe np sbsolute walue
of D is required to find g it was sssuned that the difference in the
iritial slopes of the diffucion profiles was nmwrortionsl to the
diffcyence of the diffusion soeffidienta,

The second difficulty wes due to the Wuild-up in concentration
of barium st the cathode surfsce, This inoresse wonld give rise to
some diffusion tack to the rezions of lower concentretion nesrer to
the centre of the matrix thus tending 4o mske the pmfile more shallow.
The stcond ssswption rede was thet this back &ffusion hed a negligibhle
effect upen the initial alope of the diffusion profile,

The regults ohteined from the catlvdes studied aye listed in
Table V and the plot to determine B, is shown in Mg (11.2.4), The
temperature renge oovered was from 700° - 1020% and the aiffusion
coefficients yanged from 1 x 1077 to 5 x 1070 anZ.s00" s over this
rengs. The log D ¥ 1/ plot fitted very well to two straight lines
intersecting at & tamperature of about 875°C. The slope of the line
over the lower temperature portion gave a valus of fy = 0,53 eV end
that over the higher temperature range of 1,9%V. Then the latter
was corrected for the lower temperature slepe the valug obtained for
o was 2,50 oV, |

These results show thet two diffusion proceszos must be in opere
ation in the temporature renge stud ed, one predominating bolev875°c
and the other above that temperature, At this stege it was decided
to make 3 few diffusion messuremsnts with the cstlodes in argon ot a
conparstively high pressure to determine i the diffusion rete was
affected, This decision was based upon the idea that one of the
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procesnes operating may be Kmdsen flor of material through the cathode
pores andif this was so then this process would e aifected by a change
in the ns preseure in the valve, The rasnlts obtained are ziven in

i+he next ssctlon,
Tahle V

Cathode Tampe. (Oc) D (mz.wc"’.)

720 700 1.82 x 1072
17 800 3427 x 1077
6 825 3,70 x 1077
726 825 3,70 x 10~
715 850 3,79 x 1077
2, 850 5.30 x 107
i 375 Lo46 x 1077
227 875 boB1 3 107
248 900 7eh0 x 1077
5 925 1.07 x 10°°
w22 950 1,23 x 1075
76 950 1.27 x 10°°
710 975 2.29 x 10°°
™2 1000 3.90 x 10°°
719 1020 L35 x 1678

Amother four esthodes of diflerent porosities were made and run
at 900°C to see how Aiffusion varied with porosity, The results,
together with thet from the previous esthode ave sivem in Tedle VI,
These show clearly that incrense in poreaity gives en inoresse in
aiffugion rate in the region shove 875%,
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Temporature 90C°C

Poresity ¥ D (mi.—;ccq.?
10.69 5.5 ] 10*9
12.10 7.3 x 1072
12.76 Gefl % 10"9‘\
170” ‘055 b4 ‘ﬁ:;

29.66 “072 % 1C

Toble VI

11.2.2. The AfMesion of u‘nﬂa thyeth 2 nplckel netrix in argon
The technique erploymd to introduee arcon into the velves ot a

presswe of abo & 400 matiz. won axplaimd in section 10,6, Yeas=
urenents wore nade upan thkres such tubes, The remilte obtalned are
praegseniod In table VI an? sa exsnpls of the type of diffusion profile
obtedred is shown in fig (11.2,5)s Tho peints cn a plot of log Dv
/0 ccepared with the greph obtained for the @ fiumion through cathodes
in veouw 1o given in £l {11.2,6), From the gruph 4% ‘s seen that

Cathode  Tamp (%) D (an?.sec™',)

A1 989 7.5 x 10°7

A2 920 6462 x 1077

A3 B3 298 10-9
Teble VIT

Af the lower temporetuze elops of the aiffucden with the ssthode in
vacmm ia extrupolated te higher tenperatuve: then the tws values
of D chtaired with the cathodes in argon at teperatures sbove 875%
both lis very close to this line, This 18 interpreted as implyirg
that the mechanism of A1ffusion predeminating st Mgher temperatures
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im heon veduced to n neglipitle fastor by the inclusion of the inert
288 in the tubs, |

1942.3, Surface Aiffuslon of *CBa pver nickel,

Three tubas were brilt for soface Al lon neasurendito.

The temperature range over which measuremants omld be made was lime
itedl Gue to the inability to lwat the nldel to a hish temperature,
The remilts obtalned are shom in tahle VIIT mnd a typleal profile
in £ (11.2,7))  The profiles obtainsd were not stredght limes,
probably dus to the fact thet a larce depth of murface on the stouls
poale hed to b teken off for the semples and s0 name internel dife
fusion wae neamived as well, The gyeph shown in Pig (11,2.8) 18
the resultent log,D v /T plot from these dstn, The slepe gives
e value for the sotivation energy of mirfese & Mualon of 0,807,
Th's ia only 8 very mpproximate value since 1t is Lased only upon
three pofnts on the graph,

Tuibe Temp (%) D (o2 000 s)

1 635 ol % 1077
2 600 765 x "0.”
5 3 57 5,00 % 16™10
Tadle VILI
113, Autoradiogrephs

The sutorediographs shown in fige (1143.1) and (11,3,2) were
taken to ebtadn sme qualitstive ldea of the oathode murface md
the Alstritution thraugh the cethads, Those of the sarfece were
taken st various stagss during sotivetion md show that materisl
mmwmmmmmmmmdnwm;
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Chaptor XII
Discussions of "esults

¥ In this chepter the results obtasined aye discusped and the con=
clusions drown from the work are presented, A pechanimm of operation
of the cathode is proposed and further work to test this hypothesis
is suggested,

12,1 JComposition of the ocathode

In practice 707 by woight of nidtel is emplared in the "M'ecathode
alight veristions being made depending upon the cathode required,
The conrosition voried betwoen 70030 to 75:25 in this work. The
cathodas have pll been robust and machinsble md no M iTeronce in
their enisaion properties is evident, To life tests have been
carried cut tut presumebly a difference would be detocted heve,

It would seem that under the seme gporating conditions the cathodes
contadning 257 of barium carbemate would have shorter lives.

The chief disadventage of the cathodes cortaining 307 earbenate
was thot during sintering the difference in ghrinkage between these
and the 297 carbonste cathodes wes appreciable, If this shvinkege
is likely to lead to movement of the oathode in its containing
@linder then it 18 necessary to sinter the cathode before enclosing
in the fMinal valve assenbly, This should not be deleterious in
eny way since eny polsoning which coours sfter sintering is vevere
sible and the esthode is easily resctivated, The effect of water
vepour on the cathode may profuce sdvorse effects but the cathode
ocould be maintained in e dry stmomphere.

A reducing agent is necesssyy in the cathode materials, In
the catiodes made sirconivm, mirconium hydride mnd silicon were
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added in various miztures, No measurements were made on the rete
of sctiveti-n of the verious cathodes in an attempt to correlate
this with the reducing agent used, The rcsultant cethodes all had
the same work function and gave very similar emission, so the thermione
ie properties of the cethodes dld not depend on the partioulsr reduc~
ing agent used, This indicates that with esch reducing sgent barium
'ﬁpmrhmnununmwwmmwmtmhunmm
for the most efficient operation of the csthode.

With silicon o Aifficulty may sarise in thet berium siliccte
could be formed sa an interface compound in the matrix, Eisenstein,
John and Af100k>?) nawe ehown by X~rey mnalysis thet the sillcete
exists at the interface in the oxide « ovated cathode, so preamibly
it will also be formed in the "M'«cnthode, The only sdverse effect
of the silicate would be thet 1t blocks some of the pores of the mate
rixe Cathodes are now made ly using barium silicate instead of the
carbonete s discussed below, |

Hilicon is muoh easier % hmdle than pirconium, with which
care must be talken, Of the other poseidble elements aluminiuwm and
magnosiun are the nost convenlent to use, althoush the latter would
probably evaporate too quickly, but no reports have besn rade of e
use of these as reducing agents. ‘I’Muthoduot’!am(‘)ﬂof
Rrodie mam“". amongst others, employ the slialine earth
aluminates in plece of corbonates, end the latter workers have also
used the corresponding allicates. This provides a mesns of introe
ueing & baviun cource which has air steblility and produces barxium
at a rate much eloser to that which i required to replenish barium
lost from the cathode surfece. The tungeten of the cathnde acts as
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reducing azent,

The problem of pro@ucing free berium at such a rate that it is
just sufficient to replace that lost frem the surface, without proe
dwotion of emesss, is important in detemination of eathode life,
Since mideel is inert it may be that an optioum rate of preduction
of tarium oould be achieved by uaing a barium eource such as the
aluninate together with a reducing agent,

12,2, Uffoot of the sintering atmosphere

The conclusion drewn from s comparison of the remlts of oathodes
pirtered in hydrogen and those sintered in vacuum is that the cathodes
differ very little in their thermionic properties, This conclusion
is only en approximation since the remults upon which it 4s bLosed cane
not be corpared to o Mgh degree of accwrscy, Very little work hes
ummamemdmi.wnemutaamm. When nore
knovledge of the pos-dble resctions in the "li'=cathode is at hand,
the cholce of sintering atmosphore can then be based wpon more fune
damental concepts. ‘

During sintering in hydrogen the bardum emrbonste will dlescciste
to give the oxide and corbon dloxide, the latter belng swept out 4n
the stream of hydrogen pasaing the cathode, ., The hydregen could then
sot 6o & redicing agent to give berium from its exide, The resction
imwvolved is straightforward

M4n’~.>lh¢ﬁz°

The conputed barium prediure is given by
' Mh‘(ﬂ)-'ﬂdﬂﬁwm"ﬂﬂm’bﬂ
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Por a prescure of one atmosphere, hydrogen is a moderately active
reduoing agent, but eblow presmures the rdnngpomrhmnhh-"m).
Puring sintering in hydrogen some of the barium cxide is probebly ro-
duced to barium by the hydrogen as well as Wy ths adied reducing agent.

Since mimte quantities of impurities may play an importont vole,
obtaining infometion fron experimontal results is difficult, (pece
Appendix I), The pressnce of peversl impurities is possitle which
would complicate the chemical reactions in the cothode end no cone
flioting results between workers could emerge, A theoretical snaly-
gis based upon themochenistry to determine whet reactions are pose
sible, and using thermodynamies end the & fMugion theory to deter-
mine eny limits upon the reaction spoed, would be most helpful,

12,3, The work function of the cathode

The work: function of the "i'«cathode as detemined by Nichardson
plots over the temperature yange 600 « 500%C 48 1,7 to 1,8 ¢V, The
validity of employing this method for the detemminstion of work fune
ctions is doubtful and an investigation into this is bedng made in
this laberatory. The values cbtained compare giite well with those
obtained by the sene method bty Book'2) and are higher than those
obtalned ty Vemard and Ugan(>7), Agsuning that the values obteined
sre spproxinately the real values then it is obvious thet the cethode
surfoce conslsts of an electropositive element upon the nickel whioh
reduces the work function fyom 5,06V to 1,7¢V, That this element is
barium is fairly will esteblished and the sutorediogrephs obiaimed
confirn this and indieate that the surface coverage by barium is lewm
thon & omplete monlayer, This confims Deck's ) yesilts from his
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electron microscope images, but the surface is alnost certalnly
moye complex them the above explanation. There is evidence from
other cathodes that oxygen pleys a role on the cathode surface i.,e, ,
the meface is actually berium on oxygen on nickel. Farther nork
is neccssayy to help in providing evidense on this aspect,

12/ . Poisoning of the emigaion by oxygen and sulphuy,

The results show that polsoning of the emission by oxygen mnd
sulphury ic reversible, The recovery from sulphur polsoning is
slower then that from oxygen poimoning. Sulphur is s less ofe
fective polsoning agent than oxygen tut no qeantitative work has
been carried cut on this aspect,
| The recovery curves indoate that the podscning is due to two
processess One is the sorption of polsoning material on the cathode
surfoce and the second ic by @ffusion of material imto the eathode,
As vesctivation occurs the mirface material 1as lost quite reedily,
giving the repid initiel inorease in emission, whereoas the material
in the cethede diffuses out comperatively slowly dving the gradual
return to complete activation,

More material will difffuse into a cathode the longer the pole
soning period and so it will resotivate more slowly ss the remites
show, The gas pressure existing in the yesion of the cathode sure
face may also play an important part in determining the resctivation
rate, The results appear compatible with the fact that the malphuy
atom or ion is lerger than the oxypen atom or 4on axd henoe would be
more difficult to diffuse in or out of the matrix,

The repoisoning of the cathode by oxygen when the woltege across
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the valve is reversed conld be due to either the axygen leaving the
cathode being in the fom of nmtiﬁ ions or to some nmeterial
leaving the mnode and moving to the cothode, It has been found
that with oxidemconted cathodes(’®) the oxygen which leaves the cath
ode after poleoning is in the fom of Oyg done. It s hoped som
to use a muss spectrometer in this laboratory to study the recovery
process to detemine i this observed offect is G to ionised oxygen.
That the farmation of negative oxygen ions fram the polsoning
gas at grthode surfaces is possible may be seon from the following
considerations, The energy required to fomn two O, dons is BeGeVs
The energy gained in the process is 11,60V, lHemco the fometion of
0% dons daring polsonivg scems probable, J/pplying this ressoning
to sulphur tho eneryy requiyed is 6,30V and the energy that would be
gadned is 8,%V, mmaauutmwmmvpmu
about the same extent a8 oxygen, That such an offect has not been
chearved with sulphur may be due to the insensitiveness of the methed
~ employed in the prelimimary experiments,
12,5. The cvgporstion fram "M'scathoden
mnﬂnnuoﬁrgdmmawmuw”m-w
from en "M'=cathode is between 2,2 and 2,5 &V, most probebly ¢loser
to the latier value, This is very similar o the astivetion energy
of the high temperature diffusion prooess, The exact nature of the
evaporant wes not determined Wt it 4ld contaln berium end from pro-
ummmm(mummusmumum
oxide ave present in the evaporent,
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The experiments indicate that the evgporant fram the cathode wan
'not fonised, This is in agreement with the resulis of Ri.ttmr(ss)
who found that the evaprant from an impregnated cathods wes not icne
fsed. The period over which the oathodes were lavestigated did not
excoad 100 hours of life so no conclusions can be drawn sbout the rele
ationphip between evaporation rate and cathode 1ifn, 7The evaporation
over this indtisl peried of 1life was constant ot a givem tempereture,
fince the cathodes used for these measuremonts were similar in cunstruo-
tion to the 'L'egathode it is not surprising that this result agrees
with slziler measurements on 'Io‘omﬁndu.('?) The nomal "M'ecathode,
however, is more similar in constyuction to the impregnated ocathode and
it hag been found with the latter that the eveporstion rate is given
byg“*}n‘ It seems probable that the eveporation vate frem an
Mtecathode would cbey a similar relationship, Tt s hoped to make
measurenents on e cathode over a pubstantial frection of it life to
ascertain i this is correct,

The eveporetion rate from the eathodes i quite high, By sssuning
that the nickel surfece of the oathode is oversd by a complote monos
leyer of beariun stoms and assuming the pores to be open, then the mme
bor of bariun atoms on the cetlode mufece will ba of the order of
1™, This is sbeut 3 x 10° gms, of berium, At 1000% the evep~
oration pate ves found to be 7 x 10"7'.-.-".3-:". wiich means that
1 % 1077 gus, ere loot from the cathode per second, On the everage
this needs o new monclayer formed every 0,22 seconls, As the ocsthode
is 12€ parous, sssming that the sarfece has the ssme structure and
using the activation energy of surface dffusion which was found to be
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0,886V it is soen that surface diffusion could not provide sufficient
barimm ot this rate to cover the surface, Thus a large porcentese of
the evaporant must come digectly from the pare ends without ever being
porbed on the surfece, “hether this barium serves eny useful purpose
in the operation of the cathode depernds upon whether the pore ends cone
tritute to the emission, If it does noty then reduction of this evap-
oration would lead to & move econcmionl oathode,
12,6, Diffusion through "K'-ecathodes
Two diffusion prooscses were found to oporals in the temperature
ronge 7007 « 1020°0, The one sredaminating up to 875°C hes en sctivetion
eneryy of 053V, The ectivation energy of surfece & Mweion wes found
to be approximately 0.8%V. I¢ is suggested that this low tempersture
process is @iffusion slons the pore walls. If this is so, then incroe
esing the porosity of the cathede would inocvesse the wall aree and po
the aiffusion rate st eny tempersture below 875%C should imsreese vith
poresity. |
The process operating sbove 875°C has en activation energy of 2,506V,
The intarvduotion of argon into the valves at L00 mam Mg, pressure suppresses
this process, It 4s proposed that the higler temporatuve ndunluu
the flow of berium, either free or as the oxide or both, through the
eathode pores by Kmideen flows The wapour prescure bf barjum .tmoo
18 1 mmiige and that of bariun oxide 3 x 10 maJig,, so argon st 400
mm,iige, 8ince it can penatrate the pems of dlameter greater then 0s2p
roadily, would suppress such flow., This also inilcated thot the maje |
ority of pores ere greater then Ou2juin daeter,
The diffusion rate st any tempersture is greater than the evapore



.......

Wi,

ation rate, 20 » bulldeup in concentration of barium in some form is
obtained ncer the surfece, as shown in the diffudon profiles, If
the two proposed processes in fact obtain, the berium end barium
oxide must sccumulete in the pores, blocking them up to a large
extent but not affecting the eveparstion rate if the temperature of
the materiel s still the smue, Tihis weuld then give emission from
the pore ends which would behave, premmebly, os musll oxlds-conted
cethodes, as migeested by Brodie and sentcns,*) 10 the high teme
poraturs 4iffusion is predominantly Kmdsen {low then an incresse in
porosi ty should increase the &ffusion rate, Tiis is what was found
in the four cathodes studies st 900°,

12,7, Yechanism of operation of the "M'scathode,

In the previcus dscussion all the following points have been
made tut they are now gathered together to fom o susmary of the cone
clusions reached,

(3) the varium cerbonate in the cathode 18 broken down ly beat treste
ment to give barium oxide and carben domids, Some of the barium
exide is reduced by the agent present (silicon) to give the frec metal,
(11) barium and barium oxide move to the cathode surface by two meche
arisas; one, which predominates below 875°0, is 'y diffusion slong
the pore wolls and the other, which predeminstes siove 875°C, is by
Kmadoen flow thraugh the pures,

(441) on arrival at the cathode surface a high percentage of the Knude
sen flow meterisl is lost by evaperation, The mickel surfece of the
enthode is covered, although not ecmpletely, Yty o monolayer of beprium,
Oxygon is probebly present on the nickel mirface below the barium,
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The sarface material is contimously eveporating and being replaced

tm the interior,

(iv) during the sotivation of the cathode the pore ends become blocked

to sone extent with barium and barium oxide, The pore ends nay then

centritute to the emission,

(v) the work fumotion of the oathode i 1,7+1,8e¢Vs The activation

energies are ee follown, (8) of evapearation 2,2+2,5 oV,(b) of surface

aiffusion is 0,89V, (o) of the low tempersture bDulk A ffusion process

is 0,507, and (d) of the higher temperature diffusion process is 2,50V,
12,8, Tunmepy of suggestions for further work,

(1) the part played Yy ovygen at the eathode surface and its presence

in the eveporsat, '

(2) the use of torium sluminete inetesd of barium carbonate

(3) the use of & mass spectrometer to study vecovery from poleoring

(&) the roletionship betwsen evepcration rate and cathede life,
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AM t.

Comparioon of the equilibrium resction pressupss chtalned fram themmow
chenical data snd fyom the resulta

All the thermochemical date employed in the roMra theory is
obtained from Kubaschewsid and Tvens, Vetallursiosl Themmochenistry,
London, 1956, The symbols used are expleined at the beginning of the
thesisy

The ghange in free energy,AG, taking place during & resction
governs the resction rate, The Gibbaelieluholte eguation d@ifines the
change in frec enorgy Yy

AG = Al - 7.A8

If only ocne of the products is gavecus then the chimge in fires oneryy
is proportional to the logarithm of the equilibrium resction pressure.

logep = «AQG
RT

thevefere AB = * 45T logyp

Substituting for AG, we obtain

-

“
108,0\’ = 0,293 | « 4l + Ag where p is in atmosphores

L?
iy

or logwp w 0.,2195 | «AH + AB| + 2,8808 vhere p is in mms,lig,
o

)
L #
Por values at temperatures showe 298°%, for which values of Al and AB

are tebulstsed, heat capacities must e eonsidered,
1t 1s known thet Aly = ABy, + *Aﬂp.ﬂ.'
298



dea

and aloo as, j Agy @
] T
therefore 1%,0930.2195‘: _A_E@ - lJ Atp,a 0482”
T
a\ L 8.88)8

The reduction of barium oxide YWy silicon is now cogideved, The
ametion ia

2560 + § B84 —> § Ba, 540, + Ba

A By in oals, mole”! is given by
(2 % = 133,000) + 0 = (F % «4,6,000) + 0

therefore Auzg:: L aﬁ}'m eals, -nhd’. - .._(‘)

A 8y in calssdeg™', mole™'s is given by
(2 % 16,8) + (F x5 = (F 435 + 541
terefore O %208 = 269 cola,aeg™ wmole™, _ __(2)

If the resction 1z studied at a tempersture of 1300% corrections
ere now applied to bring Alygy ARy The heat copseity of

the reactants 48 given by
Op (20a0) = 25.68‘»!.00:!0"1'03.9_68:105.1".
Op ($61) = 5,55 + 0,88 x 1070 = 0,91 x 10°, T°2,

31403 + 2,96 x 10730 « 4,878 x 10°, T2, _ _(3)

Since the silicates form o co-ordinetion lattice, the heat cap-
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acity ot room temperature is 6e2 cal.deg  .gn.ston's The moler
heat capacity is 6.2 x no.atons in the moleeule, Thus for Day 810‘.
Cp = 43 oal.deg .mole '. The hest capacity at the tremsition
point 18 :Aven by 7425 x n s 50,75 calideg” snole™'s for Ba, 510, s
Assuming e linesr inorease in Op with temperature and since the first
transition pelnt of DayS10 is ite melting peint, 2033%, there is
e difference in Cp values of (50475 = 43é:) = 7e35 over a temperature
renge of (2,033 « 298) = 1735%, |
Therefore the slope of & Cp v T graph is 4a237 x 1070,  The intere
copt of mich & graph ot T = 0K 48 given by 43 = (44237 x 10™ x 298)
= 1,3,26

Therefore On & A%e26 + hath x 1073 %
Thus the heat cmpacity of the produste ip given hy 1
Op (¥ Bay 81.0) = 21465 + 2,92 x 107 ¢
Cp (Ba) « 5

26,63+ 2.92x 1070 - — — _ (&)

Subtrecting Cp (resctants), given in eqwtion(3) frem this we heve
Cp = w0 e 0,8 x !0"!03.878:1051"2 o _(,)

By integration of this eqation snd sbstitution of T = 296° and
7 = 1300° expreseions ave obteined for substitution in

? 0
logyop = 02093 [« 27208 -1 | Acpiar +ABy, + | Aop.ar
4 L 203 - 298

+ 2,8808
and we obtain



T

108, P(um) = ToTe = 5625 (_uf’) o e o )

From the experimental results, using thoee fipom the first
" Pockey tube shown in Mg (11,1,5), the stradght line obeys the

equation

loggm = 0,017 = 145 (.uf) I SRS |

T
Afr flow messuresents threugh a 127 porous eathode gave a flow of
0.6 m’.m" at unit pressure for unit pressure difference across

the natrix,
Therefore for barium vapour st 1”0"

flow= [41300 x _,n‘ % 046 = 0,577 “3..“-0.
2 13
therefare m = {37 x 208 x 0,577 = R,
22 x 10° 1300 760
or P Db % 109n |
Subst tuting in(7)
therefore log,» = 5,99 = 1445 m" 2 ___._(8)

Bquations (6)and (B)do not correspond closely. This is probebly due
to other dmpurities in the nickel serving as reduwing sgents o8 well
a8 the silicon,



Appendix II

The effect of oxypen and sulphur on the
thammionio emission fyon satrix cathodes.

British Journel of Applied Physioes,
Vols O, September 1957, pe 364,
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PART X

THE 9 « CATHODR

Chapter 1
Ihe Pispongor Cothode

f1.Introduction

162,

The term dlsponser, or sintored, cothode is used to
include all those cathodes in which the metallio base of
the cathode is formed by sintering fron the powisred metol
and in the oporation of which the *activating' meterial is
dispersed to the murfeoe of the metal to give o lower work
furnotion, The nomenclature in use in tho existing liter-
ature for the mmerous variations of this type of cathode
is not rigidly stendordised, 7The work to be desoribed 4o
especially concernod with a cathodo made by milling together
nickel powder end one or more of the alialine carth carbonetes,
The mixture i8 then pressed to the desired shepe, sintered
and ectivated, This type of cnthode has been termed the
"meulded® or ' = cathodel!) end also the n-nt - cathode,(?)
In tho following chepters it will ‘o referrod to as the
' « cathode,
Gererel Properties

The dispenser cathode consinta of a porous metsl bese
with a reporvoir of the emissive moterial somewhere below the
surfoce of the cathode, to which it diffuses to give enhenced
themionic eniesion, The reservolr mey be either incorporated
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where
- -2
Ao".ﬁJI.EO}.ﬁ = 120 amp.onzdcg ..... @
n’
“he refleotion coefficlent r is much lecs than unity 4f the
bar-ier ig deseribed fairly well ly the impge-force potentiel,

“his wmg shown by Uervheim (@9) on the basis of wawe mechanics,

“4th this eimplificaticn(Pmey be written

Iaar?on [.HJ_'X cxp[-ji‘. ,Z_E]__..-@

The relative depondence of T upon field strength haa been found
to obey thia cquation very closely for cleasn retal surfeces,

A dees not have the theoretical value ond 4in & few cases by a
The reascons f{or these devietions lie in the
These have

very laxge factor,
assunpiions made in the derdvation of the equation,

been discussed at Jongth by Seitg, ) — 47 [

If a weak epplied field produces satumtion, a plone Just
autside the range -here imece forves are aprreciable will still
be at a potentinl prettically the seme os that Just cutside the
curface of the conductor, hence the equation(B)reduces to

I, =417 oxp [-f;]- e et e

Assuming this equation, if the emission current is messured at
very low applied voltages for various temperatures and the emiseion
is plotted ss a function of the agpplied voltage then a set of
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was scaled into an envelepe and the cathoie was processed as were
earl e cathodes, The emiasion drawn from the valve during ageing
was 224 with Va = 100V, After boking and eddy-current hesting two
sots of charecteristics were taken with a period of tiwee hours bee
tween the two messurements, During this interval the cathode wes
aged ot 850°%C. The valve was beked and eddy-current hested again
and the petters fired, after vhich the valve was sealed off. Four
more sets of characteristics were taken a.t three hourly intervals
and the values of # obteined are shown in table 7.2.

Table 7.1,

Cathodes conteining 17 Zirconium VMydride

Cothode  B(6¥)  Alsmps.on 2.%K"2)

BZA3 1.80 0.02
BZ, 1.75 0,01
BZ15 1.7¢ 0.02
BZ16 1.70 N X ¢ |
Teble 7e2.
Valve 8243
leasurenent  B(eV) A(empa.on—2,%2),
Tefore seal=off (1) 2.66 690
. " - * {2 2,28 he3
After seal-off (1) 2,06 0.6
b " » (2) 1.& 0.02
- R ¢ 1.88 0,05

N " = &) 1.80 0.02
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