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The degree of" act%vation of tung- 





r&;Lp"Med to their initial values, the m e  was m-est&blished, csr;ld the 8xc cur- 
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long period. f l u c t w t l o n s  of barge amplitw.de, while the floating anode had the 

ef fec t  of shortening the period of fhetuat loia .  

In periods o f  excbrerne distwbance, the filament current decreased to zero 

while the a m  cizrent increased and the arc voltage and ion current &ecreased 

by approxiaateby ha19 their l n i t P a l  val.?nes, 

ditions for as much as a, minute even tha-wh the filment temperature dropped 

during this time from about a800"@ to an estimated 1000°C. 

a m  at such low filament tempera-l;-t.rres suggested that filament, activation was 

probably a major factor t r ~ b r i n g i n g  about the observed sequence of events. Con- 

sequently-, two investigations were initi.ated almost simultaneously with the com- 

mon aim of studying the activating proper-ti.es of gadolinium, Because of their 

different approaches to %'ne pmbl.ena, these investigations have been designated 

as "UboratoY"y S t ~ d A e s ' ~  Rjad "Produet$on Studies", respectively. 

me asc persisted under these con- 

Persistance of the 
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Xn R typical experimental mm, a filament of" some pure metal was surface- 

The f i l m e n t  tempera- cls~ned and sut.gassec% by prel%mirn.wy heating i n  vacuum. 

time vas then s e t  a% some arbil;ra.qr value, and successive values of ti2e col- 

l ec tor  ewren t  were sbsersred as %tie collector voltage was increased step-fisc 

from zero to 600 volts.  

v~tlue, mother plate  current-plate voltage series fRas runt and th i s  was repeated 

until the tempcra%we range sf" interest h d  been covered, The filament was then 

a,l.lowed t o  cool, e2 coating of gadolinfm w8s evaporated onto it from the oven, 

and a similar serks  0% observations w a s  m&e w i t h  the coated filament, 

The filament temperatme was  then changed t o  some new 

For the piwe tnngsten filament, the temperature r d ~ s  varied from lR5" t o  

1980"C, and the mximm enziasion varied from .023 t o  40 m. 

f o r  the pure tungsten are  shown i n  Figure 2, 

gadol.laaium gave emissions rangtag from .045 t o  10 m 8% temperatures ranging 

from 7450" t o  1575"C, 

was bCl0 times %ha,% from the pure tungsten f i l m e n t ,  

filiament "egether w i t h  the pure tungsten f o r  1577°C w e  shown i n  Figure 3. 

a scsmewP~~% htgher temperatwe, however, emission from the coated filament re- 

sre.s-te8 %o values only slightly higher than f o r  pure twgsten, and remained a t  

these low values i n  a l l  subsequent mns .  The curves for tungsten and the re- 

si&ml activation are shorn an Pigare 4. This  deactivation appears t o  be due 

t o  a h o e t  c~mple-k  evaporation o f  gadolinium from the filament a t  some rather  

slsaqly  defined temperatwe. mission-voltage curves for  the deactivated f i l -  

ament are  also shown In Pigme 2, 

The emission curves 

The same filament when coated wLth 

At 1fjTS"cS emission Tron the gdol inim-coated filament 

The curves of the coated 

At 
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Fig. 2 Emission Curves of Pure Tungsten at  Various Temperatures 
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A similar series of m s  was made using a 10-mi1 tantalum fLlament, and 

the ses.hla_&a are plotted in Figure 5 .  

in %his case fn that the emission i s  increased only 20 fold at 1~50"@, 

Activation appears t o  be less pronounced 

Measurements were made of the temperatures at which deactivation occurred 

B s r  both tungsten and tantalum fil.amen%s, 

l@[O"C, respectively. 

support Lo the preeunaption that deactivation results from evaporation o f  gad- 

crlintulz~ frosn the Tilament, 

The values found were 1650" and 

The close agreement between these temperatures lends 

These studies were carried out in. the production calutrons during the 

;grocesning of samriurm. 

whhch gadolinium h a d  been applied in various ways, were run mder essentially 

normal produc%l.on condi%lons, and were observed. throughout their servlce life 

for  evidences 0% s c t i v s t 9 , o ~  

fil;%nzeilCa, an& two using f%laments which had been "irilaid" with gadolinium. 

The coated -fPlla.mez&s were prepared. by placing a ffhmeat and a piece of gad- 

olini7na iweta1,in intimate contaet and heating t h e m  i n  an inert atmosphere to 

above the melting poizit 0%" gadol%nium. 

parerit aAloying, PesuLted f ~ o m  this treatment. 

s tanbra ( I T O - r a i l  tantalum) ca.lutron f ' ihnents ,  t o  

Three m s  were made using gadolinium-ncoated" 

1 

A heavy coating, together with some a 'p  

One in la id  filament was prepared 

h2,I-l fIlmenLs used in productLon studies were prepared by E'. €I. Duncan of the 
SltablLe Isstope Development and U t i l i z a t i o n  Group. 



UNCLASSIFIED 
O R N L - L R -  DWG 3649  10 n 

I m  

i I 

Fig. 5. Emission Curves of Tantalum a n d  Gadolinium -Coated 'Tarltnlum. 
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by peening b i t s  of gadolimiiun metal into smd1 holes drilled in the face of 

%he PiPmeat;, and %he other by Pi l l ing  simllarly placed holes with the molten 

me-tal  e 
I 

In a U  production experiaents, preeaeions were taken to avoid excessive 

heating of the filament during the start-up period, slnce it was realized that 

gadolinium applied to the filament might be driven off before steady operation 

was attained. 

the case of the coated filaments, however, in as much as none OS them showed 

In spite of' these precautions, t h i s  appears to have occurred in 

any evidence of activation during operation. With t h e  tam inlaid filaments, 

on the other band, distinct evidence of activation was observed during the 

first several haws of the puns in which they were use&, This behavior of the 

idaid filaments :ms probably due to the fact that the gadolinium was deeply 

imbedded i n  the filament, and hence less susceptible to evapoetion. 

AetivafAon was evidenced by the abnormally l o w  filament currents a t  which 

operation was fnitiated and continued over the first several hours of the m s .  

The f f ' l a e n t  current required to i n i t t a t e  operation with the inlaid filaments 

was fully 33$ below n o m ;  and it remined below normal. for approximately nine 

hours in one case and for approximately 40 horns in the other, 

periods of activation, the filament current required to maintain operation in- 

m i n g  these 

crease& continuously; whereas, with n o m  filaments the required current is a 

con%tnmusly decreasing func.tion of time, due to diminishing filament cross 

section. The varlatioas of" n o m 1  mil of activated filament primary currents 

with time in operation are shown in the curves of Figure 6 ,  From these o w e s  

it appears %hat although the inlaid filaments were strongly activa-bed at the 
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begtming af operation, %his activation TGLS lost after a few hours without hav- 

ing @snt,ribznZ;ed eignifieantXy t o  the over-all s e m l e e  life of the filaments, 

The filament activation observe6 in the production experiments, and the 

loss o f  aetlvst%on in the COIESE? of c d u t ~ o n  operation, a r e  in qualitative 

agreement with the more detailed. observations made in the labomtory studies.  

The fact that activation does not persist for any considerable part of the life 

of a cs2utron filament, and t k t  over-all, T".iament life i s  not increased by an 

inltfal period 0% activalion, makes F t  appear quite W f k e l y  that gadolinium- 

sct lv&ed filaments offer any advantage over plain kmtalurn filaments in calu- 

tron ppoauction operation, 

The iluetuatSng arc phenomenon whose obsemation led to these studies be- 

ing lgaide c a o t  be exphined solel..y on the basis of filament activation a,nd de- 

activation 8.8 observed fn these eq?es%neu=ts, 

%he imstable a r c  condition tias been fomd on the basis of activation done .  

Because o f  the high temperatwe of the filament (appraxbately l9OO"C) no gad- 

oliniuna w-111 be deposited an  the filament as a coating, 

ess i s  probably necessary to supply the elec%.rune which s t a t  the chain 09 events 

leading to the cooling of the filment by the current z+egul,ator, After the fil- 

ament eools slightly, th@n gatloPfn%m can remain on the surface and activation 

c o d a  became a par t  o f  the e y ~ l c .  

PI0 satisfactory explanation of 

So some secondary proc- 
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