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MEASURING THE RELEASE OF SHORT-LIVED FISSION 
GASES DURING CAPSULE IRRADIATIONS 

Cha r l e s W. Townley, Gi lber t E . Ra ines , 
Ward S. Die thorn, and Duane N. Sunderman 

A technique is described for the determination of the release of short-lived 
fission gases during capsule fuel irradiations. Sweep helium passes over the fuel 
specimen and carries fission gases to a delay trap located close to the capsule. 
Short-lived fission gases decay in the trap and deposit long-lived daughters which 
are assayed by radiochemical methods after trap removal. In two demonstrations of 
the technique the radiochemical analyses have provided information on the rate of 
release of 1.7-sec xenon-141, 16-sec xenon-140, 3.9 min xenon-137, and 3.2-min 
krypton-89. The technique should find considerable application in the irradiation 
evaluation of fuel materials when it is necessary to determine the contribution short­
lived fission gases make to the coolant-contamination problem. 

I N T R O D U C T I O N 

Over the pas t yea r Bat te l le has used seve ra l methods to de termine the r e l e a s e of 
fission gas during in-pi le capsule expe r imen t s . One method cons is t s of sweeping the 
fuel spec imen with he l ium, passing this c a r r i e r gas through a re f r ige ra ted charcoal 
t r a p , and analyzing the t r a p radioact ivi ty by g a m m a spec t romet ry methods . The method 
is sa t i s fac tory for the de terminat ion of gamma-emi t t ing fission gases having modera te ly 
long and long ha l f - l ives . The method is not suitable for the shor t - l ived fission gases 
because these spec ies decay before the sweep hel ium reaches the t r a p . In addit ion, 
these shor t - l ived spec ies a r e frequently beta e m i t t e r s which a r e difficult, if not i m ­
poss ib l e , to identify and m e a s u r e in a mix tu re of fission g a s e s . 

The purpose of this r e p o r t is to descr ibe a method of determining the amount of 
shor t - l ived fission gases c a r r i e d in a gas s t r e a m . Two demonst ra t ions of the method 
in an in-pi le capsule exper iment a re d i scussed . 

This work was c a r r i e d out for Sanderson & P o r t e r in support of the fuel-element 
evaluation p r o g r a m for the Pebb le -Bed Reac to r . 

DESCRIPTION OF THE METHOD 

An indi rec t method i s used to de te rmine the shor t - l ived fission gases c a r r i e d in 
the sweep hel ium. Sweep hel ium from the i r r ad ia t ion capsule is passed through a delay 
t r ap located nea r the capsule exit . The t r ap is filled with s ta in less steel mesh to p r o ­
vide a l a rge surface a r e a . T r a p volume is l a rge compared to the volume flow ra t e of 
the sweep hel ium. Shor t - l ived fission gase s decay in the t r a p , depositing long-l ived 
daughter radioact iv i t ies which a r e a ssayed by rad iochemica l methods after t r ap remova l . 
Decay of the f ission gases outside the t r a p is reduced by keeping the heliunn t r ans i t t ime 
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between the fuel specimen and the t r a p en t rance sma l l . This is readi ly achieved by 
minimizing the free volume in the capsule and by using n a r r o w - b o r e tubing between the 
capsule and the t r a p . 

In the applicat ions of this method desc r ibed below the following f i ss ion-product 
chains were se lec ted for study. 

(1) Kr89 3.2 min ph89 15.4 min Sr89 51 days 

(2) Xe^^ ' ' 3. 9 min c s ^ ^ ? 29 y e a r s 

(3) Xe l40 I 6 _ s e i . c s l 4 0 66 sec Ba^'^O 12. 8 day^s La^^O 40. 2 hr 

(4) Xel '^ l 1.7 sec QS^'^^ shorj: •p,^!^! 18_min L a ^ ^ l 3.7 hr Ce^^l 33 days 

Radiochemical analyses of the s t r o n t i u m - 8 9 , c e s i u m - 1 3 7 , ba r ium-140 , and c e r i u m - 1 4 1 , 
the t r a p sampling t i m e , and the r e s idence t ime of the f ission gases in the t r a p give the 
r a t e of entry of the shor t - l ived fission g a s e s into the t r a p . It is this r a t e which is of 
immedia te i n t e r e s t in a f i s s i o n - g a s - r e l e a s e study of a fuel spec imen. 

where 
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s 

r e l e a s e r a t e of shor t - l ived f ission gas from fuel spec imen . 

concentra t ion of daughter in t r ap at shutdown, a toms 

decay constant of daughter , sec"^ 

decay constant of fission g a s , sec"^ 

t r a n s i t t ime between fuel spec imen and t r a p en t r ance , sec 

r e s idence t ime of f ission gas in t r a p , sec 

t r ap sampling t i m e , s ec . 

a toms per sec 

The denominator of Equation (1) contains t e r m s for the decay of the f ission gas before 
it r e a c h e s the t r a p , f i s s ion-gas breakthrough, and daughter buildup. In the two expe r i ­
ments desc r ibed below the dis t r ibut ion of daughters in the t r a p shows that the breakdown 
cor rec t ion is valid, 

A l a rge t r a p volume is not r equ i r ed if f ree space p r io r to the t r a p i s min imized 
and the determinat ion is r e s t r i c t e d to f ission g a s e s with hal f - l ives l e s s than a few 
minutes . In a typical capsule exper imen t , the hel ium flow ra te is the major factor de­
ciding the choice of t r a p s i ze . 
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IN-PILE EXPERIMENT 

Two t r a p s have been opera ted on a sweep capsule i r r ad i a t ed in the core of the 
Bat te l le R e s e a r c h Reac to r , The capsule contains two fuel spec imens , in separa te com­
p a r t m e n t s , each swept by independent hel ium s t r e a m s . Sweep hel ium pas ses through a 
thin annulus separa t ing the fuel spec imen from the capsule body. The fuel specimens 
opera te at a t e m p e r a t u r e of about 1500 F . 

Equipment 

The in-pi le exper iment is shown in F igu re 1, Only one delay t r ap and hel ium 
sys t em a r e shown. Exit hel ium from the capsule flows ei ther di rect ly to the gas t ra in 
or through the t r a p by manipulat ion of the appropr ia te va lves . Long-l ived fission g a s e s , 
k ryp ton-85m, k ryp ton -87 , k ryp ton-88 , xenon-133 , and xenon-135, a r e m e a s u r e d in the 
gas t r a in . 

S ta in less s teel m e s h , in the form of tightly wound r o l l s , is s tacked end to end in 
the t r a p for the deposit of the daughter rad ioac t iv i t ies (Figure 2). The mesh is made 
from 6-mil w i re and the mesh size is 1/8 in. The t r ap is fabr icated from Type 304 
s ta in less s teel tubing. Before a s s e m b l y , the a s - r e c e i v e d tubing and mesh a r e washed 
with soap and w a t e r , and r insed with acetone. Impor tan t p a r a m e t e r s in the t r ap expe r i ­
ments a r e l i s t ed below. 

T r a p wall a r e a 

Surface a r e a of m e s h 

2 ft^ 

32 ft ' 

Volume fract ion of mesh in t r a p 

Hel ium p r e s s u r e 

Volume flow ra t e of hel ium 

T r a n s p o r t t ime of hel ium between 
fuel spec imen and t r a p en t rance 

Res idence t ime of hel ium in t r a p 

0 .04 

~1 a tm 

~30 ml per sec STP 

~2 sec 

90 to 125 sec 

Radiochemical P r o c e d u r e s 

On complet ion of a t r a p exper iment , the s t a in less s teel mesh is removed and 
analyzed for f ission p roduc ts . Radiochemical p rocedures for ba r ium-140 , s t ron t ium-89 , 
c e r i u m - 1 4 1 , c e s i u m - 1 3 7 , iod ine-131 , and iodine-133 a r e descr ibed below. The las t 
two species were observed in one of the t r a p exper iments and undoubtedly escape from 
the fuel spec imen as iodine and not as iodine p r e c u r s o r s . 
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FIGURE 1. IN-PILE EXPERIMENT 
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FIGURE 2. DELAY TRAP 
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Radiochemical Ana lyses 

F i s s ion products a r e etched f rom the ro l l s of s ta in less s teel mesh with 75 ml of 
3 N hydrochlor ic acid solution containing 4 mg each of c e r i u m , s t ron t ium, b a r i u m , and 
ces ium c a r r i e r s . When iodine is to be de te rmined , iodine c a r r i e r and 30 mg of sodium 
bisulfite a r e added. Bisulfite prevents the l o s s of iodine, A smal l addition of con­
cen t ra ted n i t r i c acid to this solution will speed up the e tch, but is not e s sen t i a l . 

The etch is not se lec t ive . Severa l ro l l s were etched, and then dissolved. Gamma 
scans of the etch solution and the dissolved ro l l s were identical and showed that the 
samie fract ion of all f ission products was removed by the etch, Stront ium-89 analys is 
of both solutions showed that the etch removed 95 per cent of this fission product from 
the r o l l s . 

The rad iochemica l s e p a r a t i o n s , with the exception of ce s ium-137 , para l le l those 
desc r ibed in the Oak Ridge Mas te r Analyt ical Manual ( l ) . 

Bar ium-140 

Twenty nni l l igrams each of b a r i u m and s t ron t ium c a r r i e r s a r e added to a 10-ml 
aliquot of the f i ss ion-product solut ion, and the n i t r a t e s of ba r ium and s t ront ium a r e 
prec ip i ta ted with fuming n i t r i c acid. This prec ip i ta t ion is repeated and a f e r r i c hy­
droxide scavenge pe r fo rmed . Bar ium is sepa ra ted from s t ront ium by precipi ta t ion of 
b a r i u m ch roma te . The supernate is saved for the s t ront ium ana lys i s . The ba r ium 
chromate is d issolved in hydrochlor ic ac id , and two chloride precipi ta t ions pe r fo rmed 
with hydrochlor ic acid and e the r . The ba r ium chloride is weighed to de te rmine the 
yield, and s to red for 8 or 9 days to es tab l i sh equi l ibr ium between the ba r ium-140 and 
lan thanum-140. Ba r ium-140 is de t e rmined by measu r ing the 1. 6-Mev gamma ray from 
lanthanum-140. 

St ront ium-89 

Stront ium is p rec ip i ta ted as the oxalate f rom the supernate remaining from the 
bar ium separa t ion . The prec ip i ta te is weighed to de termine the yield. Radiochemical 
puri ty of the s t ron t ium-89 i s verif ied by a g a m m a scan and an aluminunn-absorption 
curve . The s t ron t ium-89 activity is de te rmined by counting the 1. 5-Mev beta in an 
absolute beta counter . 

C e r i u m - 141 

Twenty m i l l i g r a m s each of c e r i u m , lanthanum, and zirconium c a r r i e r s a re added 
to 10 ml of the f i ss ion-product solut ion, and the r a r e - e a r t h f luorides prec ip i ta ted with 
hydrofluoric acid. The prec ip i ta te is dissolved in a boric ac id -n i t r i c acid m i x t u r e , and 
c e r i u m (IV) iodate prec ip i ta ted in the p re sence of b romate . This prec ip i ta te is dissolve 
in a hydrochlor ic ac id-hydrogen peroxide mix ture and the iodate precipi ta t ion repea ted . 
The iodate is d issolved, z i rconium c a r r i e r added, and a zirconiunn iodate scavenge p e r ­
formed. C e r i u m (III) is prec ip i ta ted twice as the hydroxide , followed by a final 

(1) Reference at end. 
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precipi ta t ion as the oxalate . The c e r i u m oxalate is weighed to obtain the yield, and the 
ce r ium-141 activity de te rmined by measu r ing the 0, 14-Mev gamma ray . 

Iodine -131 and Iodine -13 3 

Twenty nni l l igrams of iodide c a r r i e r is added to 10 ml of the f i ss ion-product 
solution. Iodine is sepa ra ted from other f ission products by oxidation to per iodate with 
sodium hypochlor i t e , followed by reduct ion to iodine with hydroxylamine hydroch lo r ide , 
and ext rac t ion of the iodine into carbon t e t r a c h l o r i d e . The iodine is back-ex t rac ted 
into aqueous sodium bisulf i te , and the ext rac t ion and back-ex t rac t ion repea ted . Iodine 
is p rec ip i ta ted finally as s i lver iodide and weighed to de te rmine the yield, Iodine-131 
and Iodine-133 act iv i t ies a r e de te rmined by measu r ing the 0. 364- and 0, 530-Mev g a m m a 
r a y s , r e spec t ive ly . 

Ces ium- 137 

A te t raphenylboron prec ip i ta t ion is used to de te rmine ces ium-137 . Ten m i l l i g r a m s 
of ces ium c a r r i e r is added to 10 m l of the f i ss ion-product solution. Ces ium te t raphenyl ­
boron is prec ip i ta ted by addition of 4 ml of 0, 03 M sodium te t raphenylboron. The p r e ­
cipitate is dissolved in ace tone , and two f e r r i c hydroxide scavenges pe r fo rmed . The 
te t raphenylboron precipi ta t ion is r epea ted and the prec ip i ta te weighed to de te rmine the 
chemical yield, A beta counter is used to de te rmine the ce s ium-137 . 

Resu l t s 

One t r a p was opera ted for 24 h r . The res idence t ime of the hel ium sweep gas was 
90 sec . The second t r a p was opera ted for 2 h r and the res idence t ime was 125 sec . 
Selected ro l l s of m e s h from both t r aps were analyzed for s t ron t ium-89 , b a r i u m - 1 4 0 , and 
c e r i u m - 1 4 1 . In addit ion, the f i r s t t r ap was analyzed for iodine-131 and iodine-133 and 
the second was analyzed for ces ium-137 . Resul t s a re shown in F igu re s 3, 4 , 5, and 6. 

If the only source of s t r on t i um-89 , b a r i u m - 1 4 0 , c e r i u m - 1 4 1 , and ces ium-137 in 
the t r ap is the decay of 3. 2-min k ryp ton-89 , 16-sec xenon-140, 1 .7-sec xenon -141 , and 
3. 9-min xenon-137, and every daughter s t icks where it is fo rmed, the daughters should 
follow the predic ted dis t r ibut ions (solid l ines) in F i g u r e s 3 , 4 , and 5. The points a r e 
exper imenta l v a l u e s , co r r ec t ed for decay between t r ap shutdown and ana lys i s . Good 
ag reemen t shows that ve ry l i t t l e , if any, of the s t r o n t i u m - 8 9 , b a r i u m - 1 4 0 , c e r i u m - 1 4 1 , 
and ces ium-137 escape the fuel spec imens in this capsule exper iment . 

It is in te res t ing to note that 3 . 2-min k ryp ton-89 , instead of 4. 5 -sec b r o m i n e - 8 9 , 
de te rmines the d is t r ibut ion of s t ron t ium-89 in the t r a p . This is to be expected b e c a u s e , 
for any t rapping efficiency, this shor t - l ived spec ies is concentra ted near the t r a p en­
t r ance and decays rapidly to krypton-89 which is not absorbed in the t r a p . Accordingly , 
b romine-89 will have very l i t t le effect on the half-life of the s t ron t ium-89 dis t r ibut ion in 
the t r a p . 

Very l i t t le of the daughters deposit on the inside wall of the t r a p . The wall of 
one t r ap was etched in seve ra l a r e a s and the g r o s s act ivi ty of these etch solutions 
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compared with the activity etched f rom ro l l s adjacent to these wall a r e a s . L e s s than 2 
per cent of the act ivi ty on the ro l l at the ent rance of the t r ap was found on the adjacent 
wall . A negligible amount of activity was found on the wall next to the second ro l l . 

Iodine-133 and -135 r e s u l t s a r e p re sen ted in F igu re 6. Below 10"^ juc per in, 
counting s t a t i s t i c s a r e poor and the shape of the curve in this region is uncer ta in . The 
iod ine-131/ iod ine-133 ra t io in the t r a p is the same as this ra t io in the fuel specimen. 
This is evidence that iodine escapes the fuel spec imen as iodine and not in the form of 
iodine p r e c u r s o r s a lone. 

DISCUSSION 

The delay t r a p has proven to be a good solution to the problem of measur ing the 
r e l e a s e of sho r t - l i ved f ission gase s during fuel-capsule expe r imen t s . Data of this type 
a r e very helpful in a study of f i s s i o n - g a s - r e l e a s e mechan i sms and provide valuable 
information on the coolant-contaminat ion p rob lem. This la t te r feature is impor tant in 
view of the inc reas ing emphas i s on higher fuel t e m p e r a t u r e s where diffusion r e l ea se 
alone can p re sen t a coolant-contaminat ion p rob lem. 

One final r e m a r k on the delay t r a p s e e m s appropr ia te h e r e . The re appear to be 
c a s e s where t r aps in s e r i e s can be used with advantage. T r a p s of var ious s izes 
( res idence t imes) can be used in s e r i e s to sepa ra te the daughters of shor t - l ived fission 
gases into g roups . The sma l l e s t t r ap is located next to the capsule . 
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