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THE USE OF RADIOACTIVE J 1 3 ’ FOR
D E T E R M I N I N G THE C O N C E N T R A T I O N  OF
B A R I I J M IN AN O X I D E  CATHODE
V. P. Pomazkov

At the present time an oxide cathode is the most popular type

of a cathode. Most of the theoretical and experimental studies

devoted to the oxide cathode result in a firm conviction that the

useful properties of oxide cathodes (low work function , high stabil-

it y ,  high efficiency , etc.) are ensured by the excess of a free
alkaline—earth metal.

Beginning in the thirties a considerable attention was devoted
• to determining the concentration of the free alkaline—earth metal.

A whole series of methods was employed whose comparative characteris-

tic is given in [1]. Most of these methods were based on the deter-

mination of the amount of gas liberated from an oxide coating as

a result of the treatment with a certain reagent . Most of the

determinat ions were made with the aid of the Berdênn ikova ’s met hod
[2]. In the research stage of its operation the oxide cathode

was treated with water vapors . Water reacts with the basic com-

ponents of the oxide coating in the following manner:

B. + 2H,O — B.(OH), + H,:
B.+ H,O— B.O + 14.;
8.0+ H,0-B.(OH ),.

As we can see from these reactions the liberated hydrogen , by its
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nature binds only with barium . However , the app1ic~ition of this

method to real objects become s very complicated since very rigid

requirements with respect to gas liberation are imposed on all the

components of’ the device used to study the free barium . Furthermore ,
this method , just like all the rest used hitherto , allows one to
measure only an integral amount of free barium on the cathode but

does not permi t one to study Its distribution through the oxtde

layer. Know1~ig the distribution of this free barium in the oxi’de

coating and , espec ially , the change in this distribution in the
various stages of operation of the cathode is very important for

a better understanding of its operating mechanism.

The ability of halogens to combine with the free alkaline—earth

meta l under certain con dit ions an d the abili ty not to interact  with
its oxides can be used to determine the free barium . By treating

the oxide layer with the vapors of a radioactive halogen and then

by measuring its activity , it is possible to determine the amount

of free barium . Off all the halogens the most suitable for such

meas urements t urne d out to be J ’31 . J ’3’ has high specific activity

as a result of wh ich , it is possible to obtain high sensitivity
wh ich excee ds the sens it ivit y necessary for the determinat ion of
the possible amount of free barium In the device by several orders .

In our experiments we used the sensitivity from 10
_8 

to 5.l0~~
2

g/imp . with respect to barium depending on the problems posed. The

iodine is very convenient for vacuum purification and packaging Into

the necessary doses. In the operation soft beta—radiation does

not requ ire a cumb ersome protec tion and filters out wel l .  For the
convenience of operation the usual iodine J 127 was prepared in the

form of a solution in benzene . The supplied solution of radioactive

J 1
~~

1 in water was mixed with the solution of J 12 7  in benzene .
From the solution of marked Iodine obtained in this manner the

benzene was removed by means of a capillary . The crystalline iodtne

was subjected to vacuum sublimation 6—7 times at the pressure of
l.10_ 6 

mm Hg. During the sublimation the iodine was passed 2—3

times through the p lugs of phosphor ic anhydr ide for comp lete
desiccation. At the end of the purification process the iodine

was placed into small ampules (0.5 cm 3) which can be soldered to

- 
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the experimental device and can be easily broken during the study

phase of the cathode ’s operation .

The c a t ho d e  processing regime in iodine vapors must satisfy

two basic reciuirer~ents:

1. The entire amount of free barIum must react with i od ine .
2. The iodine must not combine with the other  components  of

the oxide cathode .

The study of’ t h e  c a t h o d e ’ s p r o c e s s i ng  c o n d i t i o n s  in  io d i n e
vapors was accomplished by comparing the activity of’ two comoletely

Identical cathodes one of’ which did not contain any free barium .

The device for such measurement s consisted of two c~wTletely iden-

t i c a l  t u b e s , a vessel with desiccat ed oxygen , ampules with iodine ,
and a m a n o m e t e r  (F I g .  1). Each t u b e  represented  a diode w i t h  an
end cathode . The anode was c o n s t r u c t e d  in the form of ’ a n i c k e l
d i aph ragm whose  o p e n i ng  was e x a c t l y  oppos i t e  t h e  cathode ’s coating

and could  be closed w i t h  a nickel ga te  w h i c h  is ea s i l y  moved by a
magne t .  The upper part of t h e  t ube ’s b u l b  was made in t h e  form of’

a t h in  glass hemisphere . The t h ic k n e s s  of t h e  nickel diaphragm
and the gate was seleo ’~ed such that the beta—radiation of the ~~~~
would  be absorbed completely . On the other  hand , the t h i ckness  of’

the  glass wa s  se lec ted  such t h a t  t h e  absorp t i o n  c oe f f i c i e n t  of the
,T 1 3 1  r ad i a t i on  would not  exceed 14 such a cons t ruc tion  made i t  r~os—
s i b l e  to measure the iodine ’s activity on the ca thode  w l t . h consider-
able accuracy without op e n i n g  up the t ube.  The advan tage  of such
a d e t e r m i n a t i o n  of ’ the iodine ’s activity in the c o a t in g  is the  fac t
t h a t  al l  change s in activity and , consequently , also the degree of’

“etching ” of free bari um are determined from one sample. The

vacuum treatment of the dev ice was carr ied ou t as f o l l o w s :
1. E v a c u a t I o n  of the  device in  a fu rnace  at 1420° C to  ob ta in

a vacuum of ( 2_ 14) . l0_ 6 
mm Hg.

2. slow decomposi t ion  of carbonates  on both  cathodes at a
vacuum of’ not worse than 5.lO~~ mm Hg.

3. Act ivation of cathode No. 1 at 960—980°C until good emission

Is obta ined.
14 . Unsolder ing the device from the vacuum syst em an d t he ad-

miss ion  of oxygen from the  vessel .

3
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5. Heating of cathode No. 1 for 5 mm in oxygen atmosphere at

a pressure of several millimeters of mercury and the temperature of

the cathode at 600°c. As was demonstrated by the experiment ,

leting In the oxygen without preheating the cathode does not “etch

out” completely the entire free barium on the cathode.

6. After the preheating of the cathode a thin glass diaphragm

fl was shattered (see Fig. 1) and the entire device was again evacu-

ated down to (l_2).lO
_6 

mm Hg.

7. A c t I v a t i o n  of ’ ca thode No.  2 at a vacuum of not worse than
2.10—6 mm Hg .

8. Unsolder ing  of the en t i re  device from the vacuum sys tem and
the admiss ion  of Iodine .

9. Measurements of the activity from the cathodes began im-

mediately after the unsoldering. The measurements were taken by

the endwindow counter , BFL—T—25. During the measurements the iodine

was frozen out into ampule A (see Fig. 1) by liquid air to reduce

the background.

Figure 2 shows the curves of change in the activity on both

cathodes as a func t ion  of t ime and temperature . It  Is clear from
the figure that the initial activity on cathode No. 2 is 1.5—2.0

orders higher than the initial activity of cathode No. 1. While

the cathodes were exposed to iodine vapors at room temperature , we

observed a gradual increase in activity on cathode No. 2 up to the

point of saturation which takes place after several tens of hours .

The activity of the cathode in the state of saturation is about

twice as high as the Initial activity. In the same time cathode

No. 1 did not exhibit any signi ficant Increase in activity . The

sa turat ion on cat hode No. 2 occurs faster  when the temperature on
the cathode is increased. At the cathode temperature of 150°C ,

saturation occurs in 100—120 m m .  For cathode No. 2 the heating

to 150°C does not result in noticeable changes. However , a further
increase in temperature to above 300°C leads to a linear increase

with respect to time In activity ofl both cathodes; in this case the

slope of the curves for both cathodes is approximately the same .

This indicates the fact that at ~a temperature of over 300° C the

iodine begins , somehow , to interact with the entire coating. The

14
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Ac tivated cathode treated with iodine vapors looses the thermo—

electronic activity completely . However , it  can be brough back to
the active state by hea t i ng  i t  to 920°C and by freezing out the
iodine into ampule A. Thus , the ent i re  procedure of cathode ex-
posure to  iodine vapors can be repeated 2—3 t imes , ob t aining re-
producible results in the nature of’ behavior of the activity. The

absolute activity in the second and subsequent activations after

the first etching of the cathode by iodine somewhat diminishes.

The decrease in activity can be explained by the evaporation of’

the BaJ 2 at 920°C , and after a complete decomposition of BaJ2 by
the evaporation of the free barium . These results show that the

optimum conditions of cathode processing in iodine vapors is its

heating at 150—180°c for two hours . The high level of activity

on cathode No. 2, wMch occurs 5—7 mm after the admission of iodine

at room temperature , indicates the fact that the greater pot’tion

of barium reacts with iodine very rapidly .

The procedure described in section 1 for determining the free

alkaline—earth metal in the oxide coating was used for certain

types of’ cathodes.

The experimental tube was a diode with an end cathode . The

cathode temperature was measured by a C—A thermocouple. The part

of the anode was played by a rotatithg disc—collector divided into
• sectors . Such a construction of the tubes made it possible to

measure the free alkaline—earth metal not only -i-n the cathode ’s

coa ting but also tha t port ion of the ca thode wh ich evaporated onto
the anode at various stages of’ cathode activation .

The tu bes were trea ted as follows :
1. Decomposition of the carbonate at 800°c and pressure not

worse than 5.l0~~ mm Hg.

2. Heating of the tube in the furnace at ~I20°f~ unti l a vacuum

of ( l_2) . 10~
.6 mm Hg was a t ta ined.

3. Increasing the temperature to 960—980°C with a brief tap—
ping of the current to check the emission characteristics of the

cathode.

The decomposition of carbonates was accomplished gradually to

avoid the cracking of the coating , which was observed In the case

5
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of thin dense coatings out of fine—grained carbonate. Heating at

960—980°C lasted for 145 m m .  Coatings with a varied density were

tested on purest nickel and on the nicke l with the addition of’
cal ci um ( N I K A ) .

The data for cathodes with a core made of an electrolytic

nickel are given in Table 1.

We can see from Table 1 t h a t  the c o n ce r .t r a t~~on of tree bar ium
in the cñ a tlng s  on the core c o n s i s t I n g -  of an electrolytic nickel

dif ’f’eres l i t t l e  from one ano the r .  some d i f f e r e n c e s  are e a s i l y  ex-
plained by random deviations ~~ the amou ~ t of’ the activator which

gets i n to  the  c o a t i n g .  In t h i s  case the  act~~vat o r  can be the
binder remnants , CO , and o ther  a c c i d e n t a l  1r ipur It ~ es of the coa t ing
which it contains in small amounts and w h I c h  are used up dur ing  the  - -

first few minutes of activation . The rapid consumption is confirmed

also by the evaporation rate. ~ost of the b a r i u m  evaporates dur ing
the f i r s t  minutes  of a c t i v a t i o n  of t he  ca thode . I t can be seen
from the  table  tha t  for  all types  of’ coa t ings  the  amount of the
vaporized ba r ium exceeds the amount of b a r i u m  in the coa t ing .

Table shows the  data for  cathodes  made out of n icke l  w 4 t h  the
addition of’ calcium .

It can be seen from Table 2 tha t  the  concen t r a t ion  of free
bar ium in the coat ing increased ins igni f i c a n t l y . Basical ly , the
amount of vaporized barium increased. It can be seen from both

tables that not over 70—75% of the formed barium vaporizes for the

coating consisting of’ a triple f’ine—grained carbonate. A consider--

ab ly grea ter amoun t of free barium evaporates from looser coat ings .
The evaporat ion from the dens e and loose coa tings differes not only
by the ra tio of the rema ining an d vapor ize d bar ium but also by the
different evaporation rates during the various phases of’ activation .

The principal portion of’ barium vaporizes f’rom the loose coatings

during the first 10—15 mm of operation of the cathode at 960°C.

Subsequently , the evaporation rate drops rather rapidly . A different

picture is observed in the case of dense coatings . Here , the
evaporation rate remains virtually unchanged during the entire

heating period at 960°C. The results that were obtained are ex-

p lained well by the Ri t tner  theory [3].

6
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Rittner constructs his the ory on the basis of a supposition

that the free barium formed in the precore region , as a result of

i n t e r a c tio n  of the  b a r i u m  oxide with an activator , propagates -

through the coating In a manner of the Knudsen flow . The calcula-

tions presented in work [3] show that with such a mechanism of
barium supply to the oxide , its greater portion (up to 95—97%)

should evaporate from the coating and only 3—5% remains in the oxide
layer. Thus , the ratio between the vaporized barium and the free

barium remaining in the coating, obtained in our experiments , Is
a dIrect confirmation of’ reality of the expressed suppositions . In

the case of a dense coating the specifi c weight of the vaporized

barium decreases significantly . This fact is also explained well

by the mechanism proposed by Rittner. The rate at which barium

leaves the precore region is determined by the number of pores and

their diameter. In a dense coating the porosity is considerab ly

lower than that in a loose coating and the pore radius is smaller

since the dense coating is applied with a more fine—grained carbon-

ate. Consequently , the rate at which barium leaves the reaction

zone with the activator will be lower. With a decreased rate of

departure from the reaction zone with the activator the barium vapor

pressure in this region increases , while the reaction rate of the

barium oxide with the activator , naturally, decreases. This means

that with denser coatings the activator is consumed more slowly .

This result is confirme d by the evaporation rate of barium from

dense coatings , which changes slowly in the time of actIvation. If

the main portion of barium vaporizes from the loose coatings during

the first minutes of activation , then from the dense coatings the

evaporation occurs almost uniformly during the entire 145 mm of

heating at 960°C. The higher vapor pressure of the free barium in

the pores of a dense c~ ating also leads to its increased condensa-

tion on the individual crystals forming the coating. This , indeed ,

explains the fact that only 70—75% of the entire barium formed

evaporates from the dense coatings .

Con c lus i ons

These results permit one to draw the following conclusions :
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1. The mt~~hed for determining barium by means of’ the radi~-

active J % 3 1  can be used both to study the concentraticn of’ the f’ree

alkaline—earth metal In the coating and its evaporation . The sen—

sItivity of the method p~ rmits one to measure reliably 5.10~~
2 g

of barium .

2. Knudsen ’s flow of’ barium through the pore s from the core to

the surface plays a decisive role during the activation process.

Only that portion of barium remains in the coating which condenses

on the crystals which form the boundaries of’ pores.
3. From the standpoint of’ the free barium balance the most

suitable are the cathodes with a dense coating , having a nickel

core with a calcIum addit ive . The reduced evaporation rate from

these coatings should lead to a longer service life of the cathode

and of the entire device utilizing such a cathode . The increased
serv ice  l i f e  of the  device  as a whole should  occur as a resul t  of
the  lesser amount of s p u t t e r i n g  of the free b a r i u m  from the  cathode
to other electrodes , which will , naturally , lead to the reduction

in a whole series of damaging effects (emission from grids , change

in the contact difference of the potentials between the electrodes ,

conductivity between electrodes , etc . ) .
Lj~ In view of the fact that the main portion of’ the free barium

formed as a result of the reaction between the BaO and the activator

vapori zes from the coating during activation at 960°C , the role of

the activating admixtures introduced into the core in significaht

amounts is doubtfull , especially for loose coatings .
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TAB LE 1

(s)  (z) (3) K~ Q O K~E~~B-se - cauOo*. c.oOo*-
l’sin uoapvtva 

- ~~~~~ ~~~~~ ,soro Ba NOto Ba
- S no~cp~- Iii awoke

? H I I B F  a r

TpoAso* .seaeo. 
- 

-

(‘)3epeHCTwh cap- ~601151 1,~$Mr 80 MIC 7.10—’ 7.10-4

~
) BaCO, (isa ao- - (q~) ~~~ 

-
- .*e) . - . 1,6 IF 80 sic 1. 10—s 1,0 l0-~Tpoluoa NeaiO. -C,) aepawc YwI rep-

6UN IT (“Jolisos (~) (.o)eo~~
-’w nIe) 2,2 ~r 20 ve 6.10—’ 1.10-4

KEY: 1) Type of coating 2) Weight of coating 3) Thickness LI )
amount of free Ba in coating , in g 5) Amount of free Ba in
anode , in g 6) Triple fine—grained carbonate 7) in water
8) Triple fine—grained carbonate (dense coating ) 9)  mg
10) ~i

_ _ _ _ _ _ _ _ _  ___________ 
TABLE 2

(i) (s.) (t~ Ko~~~ K
Ten nouIpsillIl Sec 

~ 
Toauu,u ~~~~ CS060*.

B fl0Kp~~.Ha aHoSe111K

TpoIlHoi% ceSco-
(1,) aepiuicfliil ~~p• ~q) 

~
ss) C’) Cs.)

6oH~ 1 
- 

1 ,8 Mr 80 c,~ 3.10—S r 1,8. 10— 6r
BaCO5 (Ha 61111- (i) C”)
aepe) 1 .6cr 80 cc 1.10—I r 3.10—S r
Tpoft woa a.eaico-

lot i.p~iscnsA cap- I
“~ 6OH1T (naOTuoe (

~
) (Sc) C”)

iuoipsmre) 2.2c r 20 cc 1.10—I r 3.10—S r

KEY : 1) thru 6) same as above 7) in binder 8) thru 10) same as
- above 11) g

10

_ _ _  .e

—~~~ .1 . . L - ft . j~ i: .~~I ~~~~~~~~~~~~~~ 
•. • • 1 •~~



~~~~~- -~~~~~~~- - - - --- -— - - ---~~~~~~~~~~ --- -- -- - 

- 

DISTF1TrtUTION LIS’)

tI I STRII 3UTI ON D 1P1~CT TO R1~CIPII- NT

ORCAr II7ArI ON MICROFICHE ORGI.NIZATION MICROFICHE

A205 DMATC 1 E0~~3 AF/ INAKII 1
A2 10 DMI\AC 2 E017 AF/RDXTR-W 1
P344 tJI~~/RDS-3C 9 E403 AFSC/INA 1
C043 U SAt-1IIA 1 E404 AEDC 1
c509 111~LLISTIC RES LABS 1 ElOS AFWL 1
C510 MR MOPILITY R&D 1 E410 ADTC 1

LAI3flIO E413 ESD 2
C513 PICAT 1NtIY J~RSF.NAL 1 FTD
C535 1LV IATION SYS CQMD 1 CCN 1
C591 FSTC 5 ASD/FTD/NIIS 3
C619 M IA R1 DSTONF 1 NIA/PHS 1
D008 NISC 1 NIIS 2
11300 USAICE (USAREUR) 1
P005 flOE 1
P050 CIA/CRS/AtsD/SD 1
NAVQRDSTA (50L) 1
IIASA/KSI 1 

-

AFIT/LD I 1
1 1.1./Code 7.— 3S ~° 

- I

FTD—ID(RS)T—1502—78

C ~~~ •— - ..:.~~~ —— •_
-
~~~, - - - -

-‘-‘: 

_____ 
,
~~~~ ~~~


