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LABORATORY STUDIES OF IODINE BEHAVIOR 
IN THE EBR-II MELT REFINING PROCESS 

by 

N. R. Chellew, C. C. Honesty, 
and R. K. Steunenberg 

ABSTRACT 

Various labora tory studies have been conducted in an ef­
fort to predic t the behavior of fission product iodine in the EBR-II 
mel t refining p r o c e s s . Both highly i r rad ia ted EBR-II- type fuel 
and uranium-fis s lum alloys that had been spiked with iodine were 
used. When these m a t e r i a l s were mel t refined in l ime-stabil ized 
z i rconia crucib les for one hour at 1400°C under an argon a tmos ­
phere , over 99% of the iodine was removed from the product ingot 
by volati l ization. The volati l ized iodine was collected p r imar i ly 
as Csl. These r e su l t s confirmed ea r l i e r data obtained with un­
i r r ad ia t ed and low-act iv i ty- level fuel alloys, inasmuch as the 
iodine that had been volati l ized during melt refining was not in 
the e lementa l form. 

After the fuel had been mel t refined and the furnace had 
been cooled to equi l ibr ium with the ambient t empera tu re , the 
argon a tmosphere in the furnace contained less than 0.02% of the 
iodine activity in the or iginal charge . Most of this activity was 
par t icula te in na ture . A t r ap consist ing of high-efficiency fi l ters 
and an activated charcoa l bed effectively removed the iodine act iv­
ity from the argon a tmosphere as it was pumped from the furnace. 

In the EBR-II Fuel Cycle Faci l i ty , a F iber f rax fume t r ap 
on top of the z i rconia crucible will be used to collect the conden­
sable m a t e r i a l s that a r e volati l ized dur ingmel t refining. Resul ts 
of s m a l l - s c a l e exper iments indicate that the iodine activity col­
lected by the F iber f rax fume t r ap during melt refining will be 
r e l eased to the argon a tmosphere of the p rocess cel l at a maxi ­
mum ra te of 0.2%/hr when the fume t r ap is removed from the 
furnace and placed in s torage . 

I. INTRODUCTION 

The r e l ea se of radioiodine during pos t i r radia t ion heating of uranium, 
and its alloys has been studied extensively. Most of the recent v/ork, which 
has been concerned mainly with r eac to r safety problems, has involved a 
var ie ty of fuels under different conditions of heating, a tmosphere , and 
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burnup.^ '̂  A sma l l e r effort has been devoted to determining the chem­
ical s tate of iodine r e l eased from meta l l ic fuels heated in iner t a tmos -
p h e r e . i ' ) The purpose of the p resen t work was to examine the behavior of 
fission product iodine in the EBR-II* mel t refining p r o c e s s . 

The init ial fuel loading of EBR-II consis ts of about 50% enriched 
uranium alloyed with 5 w/o noble me ta l fission product e lements that a r e 
r e f e r r e d to collectively as f i ss ium.** The fuel pins, which a re about-|-in. 
in d iameter , a r e clad with s ta in less s tee l and a r e the rmal ly bonded to the 
cladding by a smal l amount of sodium in the annulus. After d ischarge from 
the reac to r , the fuel pins a r e declad mechanical ly, chopped into convenient 
lengths (~2 in.), and p rocessed by mel t refining. The mel t refining p rocess 
involves melt ing the fuel pins in a l ime-s tab i l i zed z i rconia crucible and 
holding the molten alloy at 1400°C under an argon a tmosphere for a period 
of 3 or 4 hr . During this p rocedure mos t of the fission products a r e r e ­
moved from the fuel alloy through volati l ization or through select ive oxida­
tion by the cruc ib le . The purified me ta l ingot, formed by top-pouring into 
a mold, is used for the p repara t ion of new fuel pins by injection cast ing. 
Unpoured me ta l and oxides remaining in the crucible in the form of a skull 
a r e subjected to an oxidation t r ea tmen t so that the resul t ing oxide powder 
can be poured from the cruc ib le . The uranium is r ecove red from this 
m a t e r i a l by a separa te p roces s (Skull Reclamat ion P r o c e s s ) employing 
liquid me ta l solvents . 

Since discharged EBR-II fuel at the t ime of p rocess ing may contain 
as much as one Curie of I^ '̂' act ivi ty per g r a m of fuel (~6000 Curies per 
mel t refining charge) , appropr ia te safeguards have been incorporated into 
the Fuel Cycle Faci l i ty to control the r e l ea se of activity to the environment. 
To prevent excess ive oxidation during the recovery , purification, and r e -
fabrication of the fuel, the Fue l Cycle Faci l i ty includes a shielded cel l with 
an argon a tmosphe re . Provis ions have been made to l imit the concent ra­
tions of water and oxygen in the argon to 20 and 5 ppm, respect ive ly . Al­
though the ni t rogen concentrat ion in the argon may be as high as 5 v /o , 
excess ive ni t r idat ion of the fuel can be avoided by handling procedures that 
minimize heating effects due to fission products . 

The mel t refining operat ion will be conducted in an induction furnace 
capable of handling about 10 kg of fuel alloy. The furnace is covered by a 

*The second Exper imen ta l Breede r Reactor ( E B R - I I ) , located at the 
National Reactor Test ing Station in Idaho, is a fast power b reede r 
r eac to r designed to es tabl i sh the feasibili ty of fast r e a c t o r s for 
cen t r a l - s t a t ion power plants . 

**The concentrat ion of noble raeta ls in the recycled fuel depends on 
fission yields and the amount removed in p rocess ing . In the f i rs t 
EBR-II core loading these me ta l s a r e added to the fuel initially, in 
amounts corresponding approximate ly to their s t eady-s ta te 
concent ra t ions . 



meta l bel l ja r (volume of ~480 l i te rs ) which has a meta l freeze seal . During 
mel t refining, a porous molded F iber f rax* fume t rap with a wall thickness 
of -g- in. will be inverted over the z i rconia crucible to collect condensable 
fission products and volatil ized sodium from the the rmal bond. Most of the 
fission product iodine is expected to collect on this fume t rap . 

Upon the completion of mel t refining, the argon a tmosphere in the 
furnace will contain var ious fission product act ivi t ies , p r imar i ly Xe^^^, 
Kr , and a sma l l amount of I . Most of the I will very likely be in pa r ­
ticulate form. This gas will be passed through an activated charcoal bed 
and a high-efficiency glass media filter located in the process cell, and 
then through a vacuum pump located outside the cell to a holdup tank con­
taining activated charcoal . When meteorological conditions a r e favorable, 
the gas in the holdup tank will be discharged through a heated AgN03 bed, 
a filter sys tem to remove par t iculate activity, and a 200-ft stack. A flow­
sheet for the discharge of gaseous wastes from the naelt refining furnace 
is shown in F igure 1. A detailed discussion of the design and operation of 
the EBR-II Fuel Cycle Faci l i ty has been presented elsewhere.(8) 

F igure 1 

FLOWSHEET FOR DISCHARGE OF GASEOUS WASTES 
FROM THE EBR-II MELT REFINING FURNACE 

• EMERGENCY VENT 

ARGON CELL 

SKULL OXIDATION 

I OXYGEN ABSORBER 

ACTIVATED CHARCOAL 
AND AEC 

PARTICULATE FILTER 

• ^ 

ACTIVATED CHARCOAL 
AND AEC 

PARTICULATE FILTER 

" " S U B C E L i r 
SILVER NITRATE 
TOWER 

VACUUM PUMP 

r-

^ EXHAUST 

SOOcuf t HOLDUP TANK CONTAINING 1000 lb 
OF CHARCOAL, OPERATED BETWEEN 4 AND II 2 psio 
ATMOSPHERIC PRESSURE IS ABOUT 12 Z psm 

TRANSFER 
LOCKS 

PARTICULATE 
FILTER 

Previous studies of the behavior of fission product iodine during 
naelt refining were conducted with unir radia ted uranium-fiss iuin alloys 
spiked with UI3 and/or lightly i r rad ia ted uranium.\9j When UI3 was used, 

*A product of the Carborundum Corporation. The reported composition 
of the amorphous fibers (w/o) is : AI2O3 (51.2), SiOz (47.4), B2O3 (0.7), 
and N a p (0.7). 
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it was added in amounts that approximated the fission product iodine con­
centra t ion in highly i r r ad ia ted fuel. These exper iments showed that the 
volat i l izat ion of iodine from the molten alloy is s trongly dependent on t e m ­
pe ra tu re , with negligible r e l ea se at 1250°C and near ly complete removal 
at 1400°C during 2- to 4 -h r heating per iods . 

It was observed that a major fraction of the volat i l ized iodine had 
escaped by diffusion through the crucible walls , r a the r than being re l eased 
d i rec t ly at the mel t surface . Examinat ion of the condensate showed that 
the iodine had formed modera te ly stable compounds with consti tuents of 
the mel t and cruc ib le . The effects of high burnup (other than those r e s u l t ­
ing solely from a re la t ive ly large iodine concentration) on the behavior of 
iodine during mel t refining were not studied in these exper iments . Addi­
tional studies were therefore deemed n e c e s s a r y under conditions that 
would r e p r e s e n t m o r e closely those expected during the r ep rocess ing of 
fully i r r ad ia t ed (̂ ^2 total a /o burnup) EBR-II fuel. 

In the p resen t exper imenta l work, additional information has been 
obtained on (l) the handling of furnace off-gases after mielt refining, (2) the 
dis tr ibut ion of iodine activity in the ingot, skull, c rucib le , and condensate, 
and (3) the r e l e a s e of iodine to the argon a tmosphere of the p rocess cel l 
when the F iber f rax fume t r ap is rem,oved from the mel t refining furnace. 
Both highly i r r ad ia t ed u ran ium- f i s s ium alloy, and e i ther lightly i r r ad ia ted 
or un i r rad ia ted alloy were used in the exper iments . Some of the informa­
tion on i tems (l) and (2) above was obtained in Exper iments II, III, IV, and 
V, which were performed in conjunction with h igh-ac t iv i ty- level demon­
s t ra t ions of the mel t refining p roces s on a 400-g sca le . These demons t r a ­
tions have been repor ted in detai l by Tr i ce and Steunenberg.\10j Fu r the r 
studies dealing with i tem (2) compr i sed Exper iments VI and VII, in which 
7-g charges of highly i r r ad ia t ed u ran ium-f i s s ium alloy were mel t refined 
in appara tus designed to collect the condensable fission products that were 
volat i l ized. In Exper iments VIII, IX, and X, approximately 20-g charges 
of un i r rad ia ted u ran ium-f i s s ium al loy* were mel t refined to provide con­
f i rmatory data on i tem (2). Lightly i r r ad ia ted 20-g charges were mel t 
refined with F ibe r f rax fume t r a p s in Exper iments XI and XII to provide 
information on i tem (3). 

*In Exper iments IX and X, Î ^̂  act ivi ty was added to the charge to 
facili tate the analyt ical de te rmina t ions . 



II. EXPERIMENTS WITH HIGHLY IRRADIATED FUEL 

A. Mater ia l s 

The u ran ium-5 w/o f issium alloy used in these experiments was 
identical with that p repared for the f irs t EBR-II core loading, except for a 
lower enr ichment of the uranium (approximately 10 instead of 45.7 w/o U^^^). 
Injection cast ing was used to form 0.144- in . -diameter pins from the alloy. 

The fuel was i r rad ia ted at unperturbed the rmal fluxes of about 1.5 
to 5 X 10 nv in ei ther the CP-5 r e s e a r c h reac tor or the Mater ia ls Testing 
Reactor ( M T R ) at cen t ra l fuel t empera tu re s varying from 240 to 550°C. 
During the i r rad ia t ion the unclad, unres t ra ined pins were supported by 
loosely fitting spacers in a s ta in less s teel capsule containing either sodium 
or sodium-potass ium alloy as a heat t ransfer medium. After i r radiat ion, 
the heat t ransfe r medium was removed from the pins, and loosely adhering 
react ion products remaining on the surfaces of the pins were removed with 
e m e r y paper or by tumbling the pins in a mixture of silicon carbide ab ra ­
sives in a jar mil l . Although the pins were typically warped, there was 
little evidence of severe surface cracking. 

Certain consti tuents of the fuel a r e of importance because of their 
possible react ion with iodine at mel t refining t empera tu res (l300-1400°C). 
The composition of the fuel pr ior to i r radia t ion and the concentrations of 
the pr incipal condensable fission products that a re volatilized in the melt 
refining process a r e given in Table 1. Data on the total activity and the 

Table 1 

HIGHLY IRRADIATED F U E L ALLOYS USED IN M E L T REFINING E X P E R I M E N T S 

Cons t i tuen t Concen t r a t ion P r i o r to I r r a d i a t i o n (w/o) 

U r a n i u m 
Molvbdenum 
R u t h e n i u m 
Bhodii im 
P a l l a d i u m 
Z i r c o n i u m 
Niobium 

E x p e r i m e n t 

C h a r g e Wt (g) 

I r r a d i a t i o n Data 

Burnup (% of t o t a l a t o m s ) 
Cooling T i m e (days) 
To ta l Ac t iv i ty (C) 

A p p r o x i m a t e Content (ppm) 

F i s s i o n P r o d u c t C e s i u m 
F i s s i o n P r o d u c t Iodine 

c 

r 

II 

392.3 

0.22 
28 

1970 

250 
12 

»4-
2 
2. 
0. 
0. 
0, 
0. 

,73a-
,58 
.11 
,26 
.19 
.12 
.01 

^ 
III 

302.5 

0.74 
14 

3800 

850 
45 

IV 

364.2 

0.87 
35 

3600 

gi^o 
50 

94 .38^ 
"> 
"? 

0 
0 
0 
0 

V 

382.2 

1.75 
25 

5350 

ZOOO 
100 

.80 

.25 

.27 
,20 
09 

>oi 

VI 

r . l 9 b 

L I S 
25 

110 

1350 
b 5 

\ 
VII 

O . D t l 2 

1.18 
35 
7 b 

1350 
65 

^ U r a n i u m e n r i c h e d wi th 9-44 to 10.73 v.-/o U' 



i n d i v i d u a l f i s s i o n p r o d u c t c o n c e n t r a t i o n s in t h e f u e l w e r e c a l c u l a t e d b y a 
m e t h o d s i m i l a r t o o n e u s e d b y LaP lan t e . l - ' - J - / B u r n u p s w e r e d e t e r m i n e d b y 
c o m p a r i n g m a s s s p e c t r o g r a p h i c a n a l y s e s f o r U" , U" , a n d U i n t h e f u e l 
b e f o r e a n d a f t e r i r r a d i a t i o n . T h e c o m p o s i t i o n s t a t e d b y t h e s u p p l i e r f o r t h e 
l i m e - s t a b i l i z e d z i r c o n i a c r u c i b l e s u s e d in t h e e x p e r i i n e n t s w a s ( in w / o ) : 
Z r 0 2 ( 9 2 . 0 ) , C a O ( 4 . 5 ) , H f 0 2 ( l . 5 ) , S i O , ( 0 . 9 ) , A l 2 O 3 ( 0 . 6 ) , T i O z (0 -3 ) , 
F e s O s ( 0 . 2 ) . 

B . R e l e a s e of I o d i n e t o M e l t R e f i n i n g O f f - g a s e s 

I n f o r m a t i o n o n t h e b e h a v i o r of i o d i n e a c t i v i t y i n t h e f u r n a c e a t m o s ­
p h e r e a f t e r a p p r o x i m a t e l y 0 . 4 - k g c h a r g e s of h i g h l y i r r a d i a t e d f u e l p i n s h a d 
b e e n m e l t r e f i n e d w a s o b t a i n e d in f o u r e x p e r i m e n t s . T h e s e e x p e r i m e n t s 
w e r e c a r r i e d o u t i n c o n j u n c t i o n w i t h p r e v i o u s l y r e p o r t e d l a b o r a t o r y d e m o n 
s t r a t i o n s of t h e E B R - I I m e l t r e f i n i n g p r o c e s s . (10) 

1. E x p e r i m e n t a l 

T h e h i g h l y i r r a d i a t e d f u e l w a s m e l t r e f i n e d in a s t a i n l e s s s t e e l 
b e l l j a r - t y p e f u r n a c e . T h e f u r n a c e , l o c a t e d in a m u l t i - C u r i e c a v e w i t h a n 
a i r a t m o s p h e r e , w a s e q u i p p e d w i t h a r a d i o a c t i v e - g a s - s t o r a g e s y s t e m . T h e 
a r r a n g e m e n t of t h e f u r n a c e a n d s t o r a g e s y s t e m i s s h o w n s c h e m a t i c a l l y i n 
F i g u r e 2. 

Figure 2 

SYSTEM FOR TRANSFER AND SAMPLING OF RADIOACTIVE 
GAS IN MELT REFINING EXPERIMENTS WITH 

HIGHLY IRRADIATED FUEL 
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II des i red , cas t into an ingot by top-pouring. The bell ja r enclosure, which 
was sealed to a base plate by a neoprene gasket, was provided with sources 
of vacuum, argon, and a i r . The auxi l iary gas-handling t ra in for activit ies 
d ischarged to the furnace a tmosphere during mel t refining was functionally 
s imi la r to that in the EBR-II Fuel Cycle Faci l i ty (see Figure l). The t ra in 
contained sampling por ts to pe rmi t withdrawal of gas samples into p r e ­
viously evacuated 100-ml Py rex bulbs, and facilities for passing the furnace 
off-gases through activated charcoa l beds and/'or AEC f i l ters . By the use 
of a vacuum p u m p - c o m p r e s s o r a r r angemen t in the s torage sys tem it was 
possible to reduce the p r e s s u r e in the sys tem ups t r eam from the vacuum 
pump from 1 atm to about 8 t o r r . 

In the exper iments concerning the behavior of iodine in furnace 
off-gases, the 0.4-kg charges were loaded into crucibles which had been 
given a p re l imina ry outgassing t r ea tmen t at 1400^0 under a p r e s s u r e of 
25,u. The loaded crucible was instal led in the furnace, the bell jar was 
lowered into place, then the sys tem was evacuated and held at a p r e s s u r e 
of about 5 ,u pr ior to adding argon at a p r e s s u r e of about 0.8 atm. The 
charge was heated to a mel t refining t empe ra tu r e of 1400°C (average heat­
ing ra t e , 20°C/min) and held at this t empera tu re for periods of 1-3 hr . 
The purified me ta l was r ecovered by top-pouring into a mold. 

The crucible containing the skull was cooled to an equil ibrium 
t e m p e r a t u r e ranging from approximately 300 to 650°C, and the gases were 
pumped through the ga s - s t o r a ge t ra in . The upper range of these t empera ­
tu res approximated the maximum heating effect expected to resu l t from 
fission product decay under actual Fue l Cycle Faci l i ty operating conditions. 
The gas was di rec ted through ei ther AEC-type f i l t e r s* or an assembly con­
sist ing of these f i l ters and activated charcoal . Included in the lat ter a r ­
rangement were an inlet fil ter, a seven-sect ion bed of -12 +30 mesh 
activated charcoa l (six 1.3-cm sect ions and a final 1.9-cm section), and a 
t e r m i n a l f i l ter . The p r e s s u r e in the furnace was gradually reduced to ap­
proximate ly 10 t o r r and appropr ia te samples of gas downstream from the 
filter a r r angemen t were withdrawn into evacuated Pyrex bulbs. 

The above procedure was modified in Experiment IV. Un-
fi l tered samples of the argon a tmosphere in the furnace were taken when 
the mel t refining operat ion was completed. Additional unfiltered gas 
samples were taken after success ive rep lacements of this a tmosphere with 
undried a i r or f resh argon. As in the above-descr ibed exper iments , the 
ingot, skull, and crucible were left in the furnace during the gas-sampl ing 
opera t ions . 

The act ivi t ies in the gas samples were analyzed with a 256-
channel gamma spec t rome te r . In Exper iments II and III, samples for the 

*Glass -media f i l ters repor ted to be efficient for removal of more than 
99% of 0.3-fi pa r t i c l e s at face veloci t ies up to 200 ft /min. 
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determinat ion of iodine activity in the AEC fi l ters were obtained by leach­
ing the f i l ters with aqua regia containing a smal l amount of HF. Other 
samples from these exper iments (vacuum pump oil and effluent gas), and 
all of the samples from Exper iment V (fi l ters, activated charcoal , and 
effluent gas) were counted direct ly. The distr ibution of iodine in var ious 
components of the gas-handling sys tem in Experinaents II and III was de­
termined by relat ing the amount of Î ^̂  activity in the samples to that 
present in a control specimen. In Exper iments IV and V the distr ibution 
data were obtained by relat ing the I activity in the samples to a calcu-
lated value for the total amount of I activity present . 

2. Resul ts 

Because of exper imenta l l imitat ions, the EBR-II plant condi­
tions were not completely duplicated in these studies. The major differ­
ences between the labora tory and plant operat ions were (l) the use of a 
ZrOj disc instead of a F iber f rax fume t r ap to cover the melt refining 
crucible, (2) the reduced scale of the laboratory experiments (charge of 
0.4 kg instead of 10 kg; furnace volume of 140 l i te rs instead of 480 l i te rs ) , 
and (3) the use of activated charcoal beds and/or AEC fi l ters for only a 
single pumpdown of the furnace. In the plant the same charcoal beds and 
fil ters will be used repeatedly. 

In Exper iment IV, the effect of replacing the furnace a t m o s ­
phere with air or fresh argon on the r e l ea se of iodine activity from the 
melt refining furnace was determined after the mel t refining operat ion had 
been completed and the furnace had cooled to an equilibrium t empera tu re . 
The amounts of Î ^̂  activity in the or iginal and replacement a tmospheres 
a r e shown in Table 2. Less than 0.005% of the iodine present in the mel t 

Table 2 

EFFECT OF ATMOSPHERE REPLACEIV1EM Ô î RETE.WION OF IODINE-131 m FUR̂ ÂCE GAS AFTER 

Sample No. 

1 

2 

3 

4 

MELT REFINING OF HIGHLY IRRADIATED FUEL AT MOO Ĉ 

Experitrent 
Furnace and Sampling Apparatus 
Melt Refining Conditions 

Cfiarge m !g! 
Burnupix of total atons> 
Cooling Time (days! 
Total Activity (Ci 
i B l Activity (Ci 
Duration of Refining (i in 
Meit Atmospliere 

Sl<ull Temp during Sanp'mg 

Atmosphere^ 

Type 

Argon 
(Melt Refining Atmospherei 

Air 

Air 

Argon 

K) 

m 
See Figi. 

364.2 
0.87 
35 
3600 
40 
1 
Argon 
-300 

Time of Exposure 
(hri 

21.9 

23.9 

2.8 

119 

re 2 

Iodine Activity'' 
(% of total in furnace x lo3! 

4.5 

37 

24 

0.8 

^Furnace was evacuated to ~10 torr beiiveen atmosphere changes. Prior to initial exposure of furnace contents 
to air (second sampling operationi the furnace atmosphere was replaced twice with argon to remove the radio­
active xenon and krypton. 

iJGas samples withdrawn from the furnace Aere unfiltered; accepted precision of analyses. ^m^« (relative). 
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refining charge was found in the or iginal argon a tmosphere . However, the 
addition of undried air to the furnace increased the concentration of iodine 
in the a tmosphere by a factor of eight, probably as a resu l t of oxidation of 
deposited iodides by oxygen or mois tu re in the air . 

The distr ibution of I in components of the off-gas sys tem used 
in Exper iments II, III, and V is shown in Table 3. The var ia t ions in resu l t s 
from the th ree exper iments a r e believed to reflect differences in the t r e a t ­
ment of the fuel pr ior to mel t refining. 

Table 3 

TRANSPORT OF IODINE-131 DURING FURNACE PUMPDOWN AFTER 
MELT REFINING OF HIGHLY IRRADIATED FUEL AT 1400°C 

Furnace and Sampling Apparatus 

Melt Refining Conditions 

Charge Wt (g) 
Burnup (To of tota,l atonns) 
Cooling Time (days) 
Total Activity (C) 
Air Exposure of Fue l (hr)° 
Duration of Refining (hr) 
Melt At inosphere 

Furnace Pumpdown 

Charge Outgassing p r io r to Melt Refining 
Volume Collected ( l i te rs) 
Charge Temp (°C) 

P r e s s u r e Reduction during Melt Refining 
Volume Collected ( l i ters) 
Charge Temp (°C) 

Atmosphere Remova l after Melt Refining 
l " ' Activity in Fu rnace (C) 
Flow Rate through F i l t e r Assembly 

(ft/min, max) 
Volume through F i l t e r Assembly ( l i ters) 
Skull Temp ("C) 

para tus -

II 

392.3 
0.22 

28 
1970 

19 
3 

argon 

see F igure 2 

Exper iment No. 

I l l 

362.5 
0.74 

14 
3800 

68 
1 

argon 

y a 

382.2 
1.75 

25 
5350 

0.5 
] 

argon 

122 
to 850 

7 
1180 

53 

not collected 
to 800 

J step 
\ e l i m i n a t e d 

125 

1.2 

91 
00 

1.2 
105 

-300 

step 
el iminated 

step 
el iminated 

200 
195 
650 

Iodine Distr ibut ion,^ % of Total in Furnace 

F i l t e r Assembly 
P r i m a r y AEC F i l t e r 
Activated Charcoa l Bed 
Secondary AEC F i l t e r 

Vacuum Pump Oil 
Effluent to Storage Tank 

Total Accountable in Off-gas System 

^Data from V. T r i ce (12) 

0.3 
not used 
2 X lO'^ 
1 X 10"^ 

0.2 

0.09 
not used 
2 X 10"^ 
2 X 10"^ 

0.03 

0.53 0.12 

1.1 X 10"^ 
0.4 X 10-3 

4 X 10"^ 
not analyzed 

<6 X 10"* 

1.5 10" 

The total t ime includes the t i ine during which the crucible was loaded, inser ted in the 
furnace and pumped on p r io r to adding the final mel t a tmosphere ; p r e s s u r e s over the fuel, 
at an es t ima ted equi l ibr ium t e m p e r a t u r e of 300°C, were var ied from 760 to 5 x 10" t o r r . 

^Accepted p rec i s ion of ana lyses : filter a s sembly components, ±20% (relat ive); other 
components , ±40% (relat ive) . 

file:///eliminated


After the loaded crucible had been placed in the furnace in Ex­
per iments II and III, the sys tem was maintained at a p r e s s u r e of 5 /i for 
per iods of 17 to 66 hr pr ior to mel t refining. In spite of the low p r e s s u r e , 
the leak ra te of the furnace was apparent ly such that the fuel pins, which 
were at a t e m p e r a t u r e of about 300°G because of fission product decay 
heating, were sufficiently oxidized that difficulty was encountered in pour­
ing the alloy after the mel t refining step.V-^"-' It is suspected that this 
degree of oxidation would have caused the r e l e a s e of significant amounts 
of e lementa l iodine to the furnace a tmosphere . In subsequent exper iments 
the procedure was modified to nainimize air exposure of the fuel pins. Ex­
per iments IV and V a r e therefore believed to be m o r e typical of the plant 
operation, which will be conducted ent i re ly in an argon a tmosphere . 

Of the total amount of iodine collected in Exper iments II and 
III, from 56 to 75% appeared in the p r i m a r y AEC f i l te rs , indicating that the 
activity in the furnace off-gases was la rgely par t icu la te . The only act ivi ­
t ies other than Î '̂"' that were found in the f i l ters and vacuum pump oil were 
Cs , Ba , and a t r a c e of Ru^ . These exper iments indicated that p a r ­
t iculate f i l ters alone in the pumping sys tem did not provide efficient iodine 
r emova l from the mel t refining off-gases . 

In Exper iment V a composi te t r ap consist ing of an AEC filter, 
a bed of activated charcoal , and a t e r m i n a l AEC filter was used. Of the 
total iodine collected by this t r ap , about 73% appeared on the inlet (pr imary) 
filter, 27% in the charcoa l bed, and 0.025% on the outlet (secondary) fi l ter. 
All of the iodine re ta ined by the charcoa l was found in the f i rs t 1.3 cm of 
the 9 .7-cm bed. A gamma scan of the f i l ters showed that ces ium and iodine 
were p resen t in approximate ly equal atomic propor t ions . The amount of 
iodine downst ream from the a s sembly was only 0.4% of the total amount 
accounted for in the pumping sys tem. 

C. Iodine Distr ibution during Melt Refining 

Two types of exper iments were performed in which approximately 
7-g charges of highly i r r ad ia ted fuel were mel t refined. In the f irst , vola­
t i l ized fission products were collected on a nickel condenser . In the second, 
the volat i l ized act ivi ty was exposed to a F iber f rax bed. These exper iments 
provided data on the chemica l na ture of the volat i l ized iodine and the d i s ­
t r ibut ion of iodine activity in var ious mel t refining fractions (condensate, 
c rucib le , ingot plus skull). 

1. Exper i inenta l 

In these exper iments the appara tus was placed inside the mel t 
refining furnace descr ibed in the previous section. The a s sembl i e s that 
were used in the two exper iments a r e shown in F igure 3, Assembly A was 



used to determ.ine the deposition of volati l ized activity m var ious t emper ­
ature zones along a nickel tube. Assembly B included a 3 .3-cm-deep 
F iber f rax bed for the collection of volati l ized fission products; sodium was 
also vaporized to the fume t r ap during this experiment, since the amount 
of thermal-bond sodium adhering to the pins after decanning may compr ise 
a large par t of the condensable volat i les in a plant charge. The t empera ­
tu re profile of each assembly was determined pr ior to the experiment. The 
t empera tu re gradient of the F iber f rax (top surface, 450°C; bottom surface, 
1000°C) was the same as that which had been observed in the Fiberf rax 
fume t r ap of the plant mel t refining equipment. 

-ACTIVATED 
CHARCOAL BED 

REMOVABLE 
NICKEL TUBE- - - Jj 

EXPANSION 
=lfJG SEAL 

CYLIMDRICAL FIBERFRAX BED 
CUT RADIALLY AND LONGITUD NALLf 
N SIX EQUAL SECTIO">JS SEPARABLE 
FOR AMALYSiS 

; O ^ S T A M _ 
rEMPERATURE 

ZO%E 
( I 4 0 0 C ) 

Figure 3 

ASSEMBLIES FOR COLLECTION OF 
VOLATILIZED MATERIAL FROM 

HIGHLY IRRADIATED FUEL 

Min. Collector Temp 
Furnace 

Assembly A Assembly B 

~20ii°C 4.50°C 
SS Bell Jar SS Bell Jar 

ASSEMBLY A ASSEMBLl ' B 

In each experiment the assembly containing the loaded crucible 
was placed in the furnace and the furnace was evacuated to 5 /i while the 
assembly was outgassed at 200°C for 10 min. The furnace was then filled 
with argon at a p r e s s u r e of 0.8 atm and the charge was heated to a melt 
refining t empera tu re of 1400°C (average heating ra te , 30°C/min) and held 
at that t empera tu re for one hour. After the assembly had cooled, the argon 
a tmosphere was replaced by air , and the assembly was dismantled for in­
spection and analys is . 

To obtain samples for radiochemical analysis , the ingot and 
skull fractions were dissolved in aqua regia. The crucibles were ground 
and blended in an e lect r ic mor t a r , and samples for iodine analysis v/ere 
obtained by leaching a portion of the ground crucible with aqua regia. Con­
densate samples were prepared by leaching the collector or the Fiberf rax 
with aqua regia containing a smal l amount of HF, or by al ternate leaching 



with this solution and a dilute solution of NaOH. The la t ter procedure , 
which was used to leach iodine activity from sections of the F iber f rax t rap , 
effectively decontaminated the ma te r i a l . 

Standard rad iochemica l methods were used to separate and 
analyze the act iv i t ies . Iodine, cer ium, telluriunn, and s t ront ium were 
counted as beta act ivi t ies; bar ium, ces ium, zirconium, and ruthenium were 
counted as gamma act ivi t ies . The distr ibution of activity in the var ious 
melt refining fractions was determined by relat ing the amount in the f rac­
tion to that in a s imi la r ly i r rad ia ted control specimen which was counted 
at approximately the same tinne. 

2. Resul ts 

No at tempt was made to determine a specific condensation t e m ­
pera tu re for the volati l ized activity in these exper iments . A different col­
lector design might cause some shifting of the t empera tu re region in which 
the activity is collected because of fractionation effects. However, the 
overa l l pa t te rn of activity deposition is not expected to differ great ly from 
that found in the laboratory exper iments . 

The amounts of var ious e lements in the condensate result ing 
from the melt refining of high-burnup uran ium-f i ss ium alloy a r e given in 
Table 4. The elements l isted in Table 4 account for m o r e than half of the 
total fission product content of the fuel. The data show that ces ium and 

Table d 

ANALYSES OF WATERIAl VOLATILIZED DURIMG MELT REFIMNG UF HIGH! / IRRADIATLD FUtL 
FOR ONE HOUR AT UOtPC ! f l AM ARGON ATMOSPHERt 

E<perimentSI Expt-rinienI M . 

Crucible 

Charge 

Urae-stabiHzed zirconia 

7.196 g of uranium-S.b \"lo f issiun 
irradiated to a total aton burnuD 
ofL18% 

Lime-staDilizec zirconia 

6.662 a of uranium-5.6 .'t'o f i s i i un 
irradiated to a total atom burnup of 
1.18%, plus 0.43 g of sodium 

Collector 

Analytical 

Fission 

AsseniDiy A, Figure 3 
(tantalum and nickel tubes) 

Methods 

Products Radiochemical^ 
Uranium Fluorophotometric 

Material Collected 

Cs 
I 
Zr 
Sr 
Ba 
Ru 
Te 
Ce 
U 

% of Charge Gram-atoms x l o l f ' 

m mm 
52 20100 

2 X 10-3 34 
7x10-3 28 
7 X 10"3 15 
7 X !0-5 12 
6 X 10-3 4.5 
2 X 10-4 1 

<4 X 10-3*= < 10700= 

Assembly B, Figure 3 
(Fiberfrax in tantalum 

Radiochemical 

-
%o{ Charge 

89 
32 
d 

no analysis 
d 
d 
d 
d 

10 analysis 

tubei 

Gram-atoms x Ifll'^ 

556000 
11100 

-
-
-
-
-
-
-

3 Percentage values reported other than those for cesium and iodine may be higti by a factor of two because of probable 
cross contamination during radiochemical separation; accepted precision of cesium and iodine analyses, x i r» l re iat ivei . 

''Gram-atom quantities of elements are baseo on perceniages found in the volatilized fraction and calculated 
concentrations in the fuel charge. 

c Uranium concentration was near the limit of detection for tne fluorophofometric techf'ique employed. 

*l Activities not detectable in the gamna spectrometric scan of the analytical samples. 
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iodine accounted for mos t of the condensed activity on the collector a s ­
sembl ies . The percentages of ces ium and iodine collected as a function of 
collector t empera tu re (Table 5) indicate that about 99% of the total amounts 
of these elements that were accounted for were found in t empera ture zones 
exceeding 450°C in Exper iment VI (nickel tube collector) . More than 70% 
of these act ivi t ies was collected in zones exceeding 600°C in Experiment VII 
(Fiberfrax bed). In each of the t empera tu re zones that were analyzed, the 
amount of ces ium was in excess of the quantity necessa ry to account for 
the iodine as Csl. 

Table 5 

VII 

DISTRIBUTION OF VOLATILIZED CESIUM AND IODINE ACTIVITIES IN 
VARIOUS COLLECTOR TEMPERATURE ZONES AFTER MELT 

REFINING OF HIGHLY IRRADLATED FUEL 

Exper imen ta l Conditions - see Table 4 

Iodine Collected Cesium Collected 

Expt. 

VI < 

Collector 

Charcoal t r a p 
Ni tube 
Ni tube 
Ni tube 
Ta tube 

Collector 
Temp. °C 

Assembiy 

-200 
200-450 
4^0-700 
700-QOO 
<500-1400 

{K of 
charge) 

A (Figure 

0.1 
O.i 

4Q.0 
3.1 
0.4 

k% 

3) 

•am-atoms 
X 10^") 

40 
110 

IQOOO 

800 
150 

(":. of 

charge) 

-0 .1 
0.3 

37.0 
10.n 

1.0 

(s •am-atonis 
X i n i » ) 

700 
2000 

2500no 
70000 

7000 

Assembly R (Figure 3) 

F ibe r f rax bed section 
F ibe r f r ax bed section 
F ibe r f r ax bed sect ion 
Ta tube 

450-O00 
600-800 
800-1000 

1000-1400 

8.0 
15.0 

8.3 
0.3 

3000 
5000 
3000 

100 

10.0 
38.0 
40. i 

0.6 

62000 
240000 
250000 

4000 

The major portion of the ces ium and iodine found on the nickel 
collector in Exper iment VI was condensed in the zone that had been at a 
t empera tu re of 450 to 700°C. A da rk -g ray ma te r i a l had deposited in the 
same zone, forming a band about one inch wide on the collector. On the 
other hand, collection of these act ivi t ies on Fiberfrax during Exper i ­
ment VII showed a less definite pat tern with a trend toward grea te r r e ten­
tion of the act ivi t ies at higher t empe ra tu r e s . 

The absence of a definite collection pat tern in the Fiberf rax 
suggests that additional effects may influence the retention of iodine by 
Fiber f rax during or after mel t refining. Iodine analyses of the Fiberfrax 
bed sections as a function of s torage t ime in air indicated that a loss of 
iodine from the F iber f rax occurs over a period of t ime. The data shown 
in Table 6 indicate that, of the iodine initially collected on the Fiberfrax, 
about 50% was lost in about 6 weeks. This loss might have resul ted from 
the oxidation of iodine compounds by oxygen or a tmospheric mois tu re . The 
g rea t e r retention shown by the bed section that had been heated to the highest 
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t empera tu re during the experiment very likely resu l ted from entrapment 
of the iodine in g lassy m a t e r i a l formed by the react ion of sodium with 
Fiberf rax. Additional work concerning the r e l ease of iodine collected on 
a F iber f rax t r ap during mel t refining is d iscussed la ter under a separate 
heading. 

Bed 
Sec t ion 

Top 
Midd le 
B o t t o m 

T a b l e 6 

E F F E C T O F T I M E ON IODINE R E T E N T I O N IN F I B E R F R A X 

T e m p e r a t u r e 
d u r i n g 

E x p e r i m e n t 
(°C) 

4 5 0 - 6 0 0 
oOO-BOO 
8 0 0 - 1 0 0 0 

B E D SECTIONS - E X P E R I M E N T VII 

E x p e r i m e n t a l C o n d i t i o n s - s e e T a b l e 4 

Iodine R e t e n t i o n ^ (% of s t a r t i n g m a t e r i a l ) 

I n i t i a l A n a l y s i s F i n a l A n a l y s i s 
( s a m p l e s s t o r e d 1 d a y ) " ( s a m p l e s s t o r e d 42 d a y s ) " 

8.0 2.0 
15.0 5.0 

8.3 7.3 

T o t a l 31 .3 14.3 

P e r c e n t 
R e l e a s e d 

75 
67 
12 

^ Iod ine l e a c h e d f r o m o n e - h a l f s e c t i o n s of F i b e r f r a x b e d s a f t e r t he i n d i c a t e d s t o r a g e t i m e s ; 
a c t i v i t y r e t e n t i o n in e a c h s e c t i o n d e t e r m i n e d by w e i g h t i n g a m o u n t s in a n a l y t i c a l s a m p l e s 
a c c o r d i n g to t o t a l w e i g h t of bed in t e m p e r a t u r e zone of i n t e r e s t . 

S a m p l e s s t o r e d in a i r in s e p a r a t e c o n t a i n e r s p r i o r to a n a l y s i s . 

Resul ts on the distr ibution of iodine among var ious fractions 
produced during mel t refining of the 7-g and previously discussed 400-g 
charges of highly i r rad ia ted fuel a r e presented in Table 7. In Exper i ­
ments III, IV, and V the purified product (ingot) was recovered by top-
pouring. In Exper iment VI, the ingot and the adhering skull were recovered 
by inverting and tapping the mel t refining crucible . The m a t e r i a l in the 
ingot and skull was removed from the crucible in Experiment VII by oxida­
tion at 700°C in an argon a tmosphere containing 25 v / o oxygen, a procedure 
s imi lar to that which will be followed in plant operation for the removal of 
skulls from cruc ib les . 

Table 7 

DISTRIBUTION OF IODINE ACTIVITY AFTER MELT [REFINING OF HIGHLY IRRADIATED FUEL 

Expt. 

TS.WX 

m 

m 

Crucible Lime-stabilized zirconia 
Melt Refining One hour at MOflOC 
Atmosphere Argon 
Analytical Method Radiochemical 

Uranium-Fissium Charge^ 

Total Atom Burnup &) 

0.74 to 1.75 

1.18 

1.18 

Weight fgi 

369.6 (av.i 

7.1% 

6.662 

Collector for 
Volatilized Iodine 

None 

Assembly A, Figure 3 
(Ta and Ni tubes) 

Assembly B, Figure 3 
(Fiberfrax in Ta tubel 

Melt Refining Fraction 

lngot<: 

Ingot plus skuii^ 
Crucible 
Volatilized 

Oxidized ingot plus skull^ 
Crucible 
Volatilized 

Percent of Charged 
1^31 in FractionlJ 

0.3 i 0.1 

1.3 
1.5 

52 

0.25 
'not analyzea) 

32 

^Additional information on charge composition and irradiation is given in Table 1. 
''Average deviajion stiown for Experiments I I , IS; and5 accepted precision of other analyses, rlffS (relative). 
'- Ingot separated by pouring technique. 
'^ Unpoured fraction H s physically separated from cruciljle. 
^ Unpoured fraction separated from crucible by oxidation at 700^0 in argon containing 25 v/o oxygen. 



About 0.3% of the iodine was retained in the product ingot after 
the fuel was mel t refined at 1400°C (Experiments III, IV, and V). In Ex­
per iment VI, most of the r ecovered iodine was present in the volatil ized 
fraction with a sma l l portion, about 1.5%, distributing to the crucible . In 
the same exper iment , 1.3% of the iodine in the or iginal charge was found 
in the unoxidized ingot and skull, whereas in Exper iment VII, 0.25% was 
re ta ined by the same fraction after complete oxidation of the ingot and skull 
to form a uran ium oxide powder. This finding suggests that complete oxi­
dation of the iodine-bear ing skull produced during melt refining will r esu l t 
in pa r t i a l r e l e a s e of the iodine from this fraction, and indicates that p ro ­
visions a r e n e c e s s a r y for handling iodine activity in the off-gases from 
the skull oxidation equipment. 

These exper iments confirmed ea r l i e r results'^"/ from work 
with synthetic charges which had indicated that mel t refining at 1400°C r e ­
moves near ly al l of the iodine from the product ingot and that the iodine will 
be collected p r ima r i l y as a compound, r a the r than as e lemental iodine. In 
the ea r l i e r work, in which react ion with calcium in the crucible apparently 
resu l ted in the volat i l izat ion of Calj, ces ium was ei ther absent or present 
only in low concentrat ions (x0.02 ppm). In the present studies there was 
no sa t is factory way to analyze for inactive consti tuents . However, the ab­
sence of appreciable alkaline ear th fission product activit ies in the vola­
t i l ized deposits suggests the absence of calcium. 

It appears that Csl is the predominant species collected when 
highly i r r ad ia ted fuel is mel t refined at 1400°C. No evidence was found for 
the formation of uran ium iodides. Of the total amount of iodine recovered 
in exper iments with the col lector assenablies, 95% or more appeared in the 
volat i l ized fract ions. The remainder was distr ibuted among the crucible, 
skull, and ingot. The figure of 0.3% for the anaount of iodine retained by the 
product ingot in Exper iments III, IV, and V is considered to be a re l iable 
indication of the amount that will r emain in this fraction under plant condi­
t ions . However, exper imenta l l imitat ions were such that sat isfactory 
m a t e r i a l balances for iodine could not be obtained in these exper iments . 
For those exper iments employing collector a ssembl ies , only 30 to 50% of 
the iodine init ially p resen t in the charge could be accounted for. The lack 
of sa t is factory m a t e r i a l balances was a ma t te r of concern, since the f rac­
tion of iodine that was unaccountable could become a major problem if it 
were to appear unexpectedly at some point in the fuel cycle. Additional ex­
pe r imen t s with synthetic fuel were therefore performed in an attempt to 
confirm the r e su l t s obtained with the highly i r rad ia ted alloy, but with the 
added objective of obtaining sa t i s fac torv m a t e r i a l balances for iodine. 



III. EXPERIMENTS WITH SYNTHETIC F U E L 

A, Mate r i a l s 

Uni r rad ia ted and low-act iv i ty- level synthetic fuel was used in these 
exper iments because of l imi ta t ions imposed by the remote handling a s s o c i ­
ated with highly i r r ad i a t ed fuel. Inactive or t r a c e r - l a b e l e d iodides (UI3, KI, 
or Csl) and ces ium were added to u r a n i u m - 5 w/'o fissiuixi alloy to s imulate 
the p re sence of fission product iodine and ces ium in highly i r r ad ia ted fuel,* 
Although it was recognized that the chemical form and distr ibution of the 
elenaents in the charges v^ould not exactly duplicate the conditions existing 
in high burnup m a t e r i a l s , it was found that the fission product iodine in 
high-burnup alloy and the inactive iodine in the synthetic ma te r i a l behaved 
s imi la r ly in mos t of the mel t refining exper iments . 

The u ran ium- f i s s ium alloy employed in the exper iments had the fol­
lowing composit ion (w/o): na tura l U (95), Mo (2.46), Ru (1.96), Rh (0.28), 
Pd (0.19), Zr (0.10), and Nb (O.Ol). Except for the absence of enriched 
uranium, this composit ion cor responds to that of the alloy used for the f i rs t 
EBR-II core loading. 

To p r e p a r e fuel samples containing iodine and ces ium, holes were 
dri l led in opposite ends of 0. 34- in . -d ia ine te r , cyl indr ical ly shaped alloy 
sect ions. Ces ium meta l and the iodide -were separa te ly placed in these 
holes and covered with plugs machined from the same u ran ium-f i s s ium 
alloy. Unless o therwise indicated, the additives were sealed in the capsule 
by e lec t ron beam welding techniques. Information on the var ious types of 
additives employed in the exper iments and the resul t ing ces ium and iodine 
in the synthetic fuel samples is p resen ted in Table 8. To facili tate capsule 
loading, the average ra t ios of ces ium and iodine to u ran ium alloy we re , r e ­
spectively, about t h r ee and fourteen t imes g rea t e r than those for EBR-II fuel 
i r r ad ia t ed to two total a /o burnup and cooled 15 days. 

Iodine was added as UI3 in sonae of the exper iments . The tr i iodide 
was used because of the s t ronger tendency of UI4 to decompose at the e le­
vated t e m p e r a t u r e s used in the exper iments . The UI3 was p repa red by a 
method s imi la r to one used by Gregory,vl3j w'hich involved exposure of 
u ran ium heated to 520°C to gaseous iodine. Analysis of the product showed 
that it contained 65 :̂  2 w /o iodine as compared with a theoret ical 61.5 w /o 
iodine in UI3. F o r convenient an.alysis of volat i l ized products , t r a c e r I" 
(8.04-d half-life) and C s " ^ (2. 3-yr half-life) were produced in the fuel used 
in selected exper iments by i r r ad ia t ion of the na tura l uranixim and cesiuin 
metal in unper turbed the riTial fluxes ranging from about 10 to 2 x 10 " nv 
for approximately 2 days. The meta l was cooled approximate ly one month 
to p e r m i t decay of the 30-hr te l lur ium pa ren t of I 

*The prel inainary work with highly i r r ad i a t ed laiaterial showed that 
cesium, and iodine accounted for nea r ly all of the condensable gamma 
act ivi t ies volat i l ized during mel t refining at 1400°C. 
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Table 8 

SYNTHETIC F U E L USED IN M E L T REFINING EXPERIMENTS 

E x p e r i m e n t 

VIII IX X XI XII 

Capsu le^ Wt (g) 19.555 19.490 19.859 19.731 19.631 

Alloy Addi t ives^ UI3 and Cs KI l abe led Csl labe led UI3 and Cs UI3 and Cs 

Cha rge Wt (g) 

I r r a d i a t i o n 

C e s i u m Content (ppm) 

Iodine Content (ppm) 

19.718 

None 

5730 

1670 

with I '^ ' 
and Cs 

19.674 

None 

6710 

2030 

with Î ^^ 
and Cs 

20.040 

None 

7600 

1450 

19.968 

t r a c e r 
l eve ic 

9360 

1650 

19.858 

t r a c e r 
leve ld 

8810 

1710 

'^Capsules and c o v e r s for addi t ives w e r e f ab r i ca t ed f rom u r a n i u m - 5 w / o f i s s ium 
al loy. 

"Addi t ives w e r e h e r m e t i c a l l y sea led in capsu l e s by welding c o v e r s on capsu le , 
with the except ion of the l abe led compounds of c e s i u m and iodine, which w e r e 
confined in the capsu le by p r e s s - f i t t e d c o v e r s of the u r a n i u m - f i s s i u m alloy. 

^Alloy p lus addi t ives i r r a d i a t e d in an u n p e r t u r b e d t h e r m a l neu t ron flux of 
2 X 10^^ nv for 48 hr and cooled 25 days p r i o r to use . 

"Alloy p lus addi t ives i r r a d i a t e d in an u n p e r t u r b e d t h e r m a l neut ron flux of 
about 10^" nv for 63 h r and cooled 35 days p r i o r to use . 

In o t h e r e x p e r i m e n t s , the iod ine was added as Cs l o r KI l abe l ed 
wi th I^^ . P o t a s s i u m and c e s i u m m o n o i o d i d e s w e r e u sed b e c a u s e they w e r e 
not l i ke ly to be sub jec t to h y d r a t i o n du r ing p r e p a r a t i o n of the compound by 
an a q u e o u s ixiethod, and b e c a u s e both have high boi l ing po in t s (Cs l , 1280'^C; 
KI, 1325°C). T h e s e a c t i v a t e d c o m p o u n d s w e r e p r e p a r e d by inocu la t ion of a 
s a t u r a t e d so lu t ion of the i n a c t i v e compound wi th I in b a s i c Na2S03 s o l u ­
t ion. The l a b e l e d compound v/as f r a c t i o n a l l y p r e c i p i t a t e d by addi t ion of 
i s o p r o p y l a lcoho l to the so lu t ion and the p r e c i p i t a t e d m a t e r i a l w a s v a c u u m 
d r i e d p r i o r to u s e . A n a l y s e s of the p r o d u c t showed tha t the Cs l con ta ined 
52 ± 2 w / o iod ine ( t h e o r e t i c a l : 48.8 w / o ) . The KI con ta ined 76 ± 2 w / o i o ­
dine ( t h e o r e t i c a l : 76.4 w / o ) . 

B, Iodine D i s t r i b u t i o n and M a t e r i a l B a l a n c e du r ing Me l t Refining 

1. E x p e r i m e n t a l 

The e x p e r i n a e n t s wi th s y n t h e t i c , h i g h - b u r n u p a l loy w e r e con­
duc ted in a f u r n a c e tha t c o n s i s t e d of an i n d u c t i o n - h e a t e d q u a r t z tube . A 
v a c u u m (<2 x 10"^ t o r r ) could be naa in ta ined in the fu rnace by m e a n s of 
m e c h a n i c a l and oil diffusion punaps. Add i t iona l p r o v i s i o n s w e r e naade to 



blanket the laielt with high-puri ty argon during the experinaents. The units 
were instal led in a ventilated hood and the furnace was surrounded with 
4 in. of steel shielding. 

A sketch of the quartz tube furnace used for these melt refin­
ing exper iments is shown in F igure 4. The ver t ica l ly mounted quartz tube 
had an ID of 3 in. and a length of 27 in. The inner furnace p a r t s were a r ­
ranged so that the zirconia crucible (height, 1^- in . ; OD, -^-in.) and a 20-g 
charge were uniformly heated by a tantalum induction susceptor . 

F igure 4 

INDUCTION-HEATED QUARTZ TUBE FURNACE 
USED FOR MELT REFINING EXPERIMENTS 

WITH SYNTHETIC FUEL 

(Not to scale) 

THERIMOCOUPLE PORT 

CAP ASSEMBLY 
(SEALS PROVIDED WITH 
NEOPRENE GASKETS) 

QUARTZ TUBE 
(OD, 3-1/2 i n , ID , 3 in) 

TANTALUM HEAT SHIELDS-.-

TANTALUM SUSCEPTOR 

CRUCIBLE AND CHARGE ^ • 

CERAMIC INSULATOR 

ASSEMBLY SUPPORT 

VACUUM OR ARGON 

ASSEMBLY FOR COLLECTION 
OF VOLATILIZED MATERIAL 

NDUCTIOIM COIL 

REFERENCE 
THERMOCOUPLE 
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The tenaperature of the charge was measured with a P t / P t -
10% Rh reference theriaiocouple which was located direct ly below the cru­
cible. The reference thermocouple had been cal ibrated previously by means 
of another thermocouple located in the crucible. Although the tenaperature 
differential was of the o rder of 100°C when the charge was at the melt tena-
refining t empera tu re (1400°C), the reproducibil i ty of this differential in 
success ive heats was within about 10°C. It is believed that the melt r e ­
fining t empe ra tu r e s repor ted a r e co r r ec t to within t20°C. 

Assembl ies used for collection of volatilized mate r ia l in the 
experinaents with synthetic fuel a re shown in Figure 5. Asseiaibly A was 

F igure 5 

ASSEMBLIES FOR COLLECTION OF VOLATILIZED 
MATERIAL FROM SYNTHETIC FUEL 

(Assemblies fabricated from tantalum 
except where indicated) 

ASSEMBLY A 
MIN COLLECTOR TEMP— 2 0 ° C 
FURNACE QUARTZ TUBE 

WATER-CODl^ED 
COPPER COIL 

ZIRCONIA CRUCIBLE 
AND CHARGE 

REMOVABLE PLUG 

B 
sec 

QUARTZ TUBE 

NICKEL CAP-
(positioned during" 
experiment tiirough 
port in furnace cop) 

NEOPRENE^ 
GASKET 

DECREASmG 
TEMPERATURE 

CONSTANT 
TEMPERATURE 

(1400 °C) 
ZONE 

CM 
53 

52 

50 

16 

14 

12 

10 

- 4 
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uti l ized in an init ial a t tempt to collect all of the m a t e r i a l that was vola­
t i l ized from the melt . However, l o s ses of volatile m a t e r i a l to furnace 
a r e a s outside the condenser indicated that modification of the collector a s ­
sembly was needed. Therefore , in subsequent exper iments a sealed col­
lec tor , Assembly B, was employed. The use of the sealed col lector 
pe rmi t t ed measureaxient of the condensed iodine activity as a function of 
col lector t e m p e r a t u r e before the condensate was exposed to the air . The 
t empera tu re profile of this a ssembly was determined p r io r to the refining 
experiment . 

In each exper iment the l ime-s tab i l i zed zirconia crucible was 
f i rs t ou t -gassed at a min imum t e m p e r a t u r e of 1000°C and a p r e s s u r e of 
0.1 ,u. The synthetic charge , of about 20 g, was placed in the crucible , 
which was then inser ted in the collector assembly . After instal lat ion of the 
assembly in the furnace, argon purified by passage through a bed of u ran i -
uiTi chips at 825°C -was added to provide a p r e s s u r e of 700 to 760 to r r over 
the melt . The charge was heated to a mel t refining t e m p e r a t u r e of 1400°C 
at an average heating r a t e of 18°C/min and was held at that temperat i i re 
for one hour .* The furnace tube'and i t s contents were then cooled overnight 
to room t empera tu r e . 

Analytical samples were p r e p a r e d by dissolving or leaching the 
var ious fract ions in acid. The ingot and skull fract ions -were dissolved in 
aqua regia. Condensate samples were p r epa red by leaching the collector 
with aqua regia containing a smal l amount of HF. In ma te r i a l -ba lance ex-
pe r imen t s with iodine compounds labeled with I , the activity was counted 
in a wel l- type scinti l lat ion counter without p r io r chemical separat ion. The 
crucib les that were employed in these exper iments •were counted intact after 
a light etching of the in te r io r avails with aqua regia to remove adhering skull 
ma te r i a l . All samples were counted at approximately the same t ime to 
eli ininate decay cor rec t ions . Other analyt ical methods for the inactive e le ­
ments Avere: a m p e r o m e t r i c t i t ra t ion with AgN03 for iodine; flame photom­
et ry for ces ium; f luorophotometry for uranium; emiss ion spectrography for 
other e lements . The re la t ive p rec i s ions of the analyses were : inactive and 
active iodine, ±5%; ces ium, ±5%; uranium, ±10%; and o the r s , factor of two. 

2. Resul ts 

Examination of the condensate resul t ing from, nielting about 20 g 
of u ran ium-5% fiss ium spiked with ces ium and UI3 for one hour at 1400°C 
yielded information on the type of m a t e r i a l volatil ized. Analyses of elements 
init ially p r e sen t in the charge and crucible that Avere found in the condensate 
a r e p resen ted in Table 9. Interconaparison of the var ious element concentra­
tions indicates that: (a) ces ium and iodine accounted for near ly all of the 

*Previous r e su l t s with h igh-act iv i ty- level alloy had shown that one hour 
of mel t refining on a smal l (7-g) scale is sufficient to remove 98% of 
the iodine from the ingot fraction. 
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T a b l e 9 

ANALYSES OF M A T E R I A L V O L A T I L I Z E D DURING 
M E L T REFINING OF SYNTHETIC F U E L 

E x p e r i m e n t VIII 
C r u c i b l e L i m e - s t a b i l i z e d z i r c o n i a 
C h a r g e 19.718 g of uraniuiTi-5 w / o f i s s i u m 

sp iked with c e s i u m m e t a l and UI3 
Me l t Ref in ing One h o u r at 1400°C 
A t m o s p h e r e A r g o n 
C o l l e c t o r A s s e m b l y A, F i g u r e 5 
A n a l y t i c a l M e t h o d s 

C e s i u m F l a m e p h o t o m e t r y 
Iodine A m p e r o m e t r i c t i t r a t i o n 
U r a n i u m F l u o r o p h o t o m e t r y 
O t h e r s E m i s s i o n s p e c t r o g r a p h y 

E l e m e n t ^ 

Cs 
I 
Ca 
Na 
F e 
Al 
U 
Ti 
P d 
Z r 
Nb 
Hf 
Mo 
Ru 
Rh 
Si 

In i t i a l 

m v^na 

C o n c e n t r a t i o n 

r g e ASS 
(mg) 

113 
33 

576 
1 

22 
43 

18577 
29 
37 

10970 
2 

21 
481 
383 

55 
53 

e m o i y 

Vc 

(% of c h a r g e ) 

27 
28 

3.5 X 10"2 
5 

1.5 X 10-^ 
2 X 10-2 

2 .6 X 10-3 
•x2 X 10"^ 
x 3 X 10"^ 
x 9 X 10-5 
x 3 X 10"^ 
\ 5 X 10-3 

x 4 x 10-^ 
x 5 X 1 0 - * 
. 4 X 10"3 

no a n a l y s i s 

d a t i l i z e d 

( g r a m - a t o m s x 10^) 

22700 
7300 

500 
220 

50 
30 
19 

x l 2 

. 1 0 

N 7 

X 7 

. 6 
x,2 
x 2 

v 2 

-

3-Includes eleixients p r e s e n t in the c h a r g e and I 6 . 1 - g c r u c i b l e 
excep t for s o d i u m , w h i c h w a s p r e s e n t a s a contanainant of 
ces ium, m e t a l u s e d in c h a r g e p r e p a r a t i o n . 

c o l l e c t e d m a t e r i a l ; (b) ca lc iuna , if p r e s e n t as Cal2, would accoun t for about 
15% of the iod ine c o l l e c t e d ; (c) a s m a l l a m o u n t of sod ium w a s p r e s e n t in the 
c h a r g e a s a c e s i u m con ta in inan t ; and (d) only t r a c e a m o u n t s of o the r e l e ­
m e n t s p r e s e n t in the co inponen t s of the m e l t re f in ing a p p a r a t u s w e r e p r e s ­
ent. The r e s u l t s w e r e c o n s i s t e n t wi th s i m i l a r da ta obta ined e a r l i e r wi th 
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highly i r r ad ia t ed alloy (see Table 4) in that ces ium and iodine were the p r e ­
dominant species in the condensate. Apparently, when both ces ium and 
iodine a r e p r e sen t in the concentra t ions expected in high-burnup fuel, r e a c ­
tions of iodine with the e lements p r e sen t in the z i rconia crucible or with 
consti tuents of the u ran ium-5 w/o fissiuna alloy will not play a significant 
role in iodine volati l ization. Of the iodine init ial ly p r e sen t in this exper i ­
ment, 28% was found in the volati l ized fraction and about 0.8% in the ingot-
p lus-skul l fraction, giving an overal l iodine n ia te r ia l balance of approxi­
mate ly 30%, 

In view of the low m a t e r i a l balance obtained in the above-
descr ibed exper iment , two additional exper iments Avere ca r r i ed out, in 
which a closed tantalum tube -was used as the col lector (see F igure 5, As­
sembly B ) . The synthetic charges used in these exper iments were p r e ­
pared by spiking u r a n i u m - 5 AV/O f iss ium allow -with ei ther KI or Csl , labeled 
with I^^ .̂ The iodine-dis t r ibut ion data after mel t refining the charges for 
one hour at 1400°C a r e shown in Table 10. 

Table 10 

DISTRIBUTION OF IODINE AFTER MELT REFINING 
OF SYNTHETIC FUEL 

Crucible L ime-s tab i l i zed zirconia 
Melt Refining One hour at 1400°C 
Atmosphere Argon 
Collector Assembly B, F igu re 5 

U r a n i u m - F i s s i u m Charge 

Weight Melt Refining P e r c e n t of Charged 
Expt Trea tment (g) Fraction^- I^^i in F rac t ion 

IX Spiked with Cs and 19.674 Ingot plus skull 
Ki labeled with l" ' ' Crucible 

Volatil ized 

X Spiked with Cs and 20.040 Ingot plus skull 
Csl labeled with Crucible 
l " i Volati l ized 

1 X 10"2 

0.1 
99 

0.6 
3 X 10"2 

106 

^Charges were solidified in the crucible at the end of the mel t 
refining per iod; crucible surfaces were t rea ted with acid to 
dissolve adhering skull products and were counted without 
further t r ea tment . 

Within the lim.its of analytical p rec i s ion , sat isfactory activity 
balances were obtained for iodine. More than 99% of the charged radioiodine 
was volat i l ized and collected in the sealed col lector . The ingot and skull 
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c o n t a i n e d a m a x i m u m of 0.6% of the ac t iv i ty , and the c r u c i b l e a m a x i m u m 
of 0 ,1%, The d i s t r i b u t i o n of v o l a t i l i z e d iod ine a long the c o l l e c t o r tube in 
the two e x p e r i m e n t s i s shown in F i g u r e 6. Be fo re the c o n d e n s a t e w a s ex­
p o s e d to the a i r , the ac t i v i t y p ro f i l e of the c o l l e c t o r w a s m e a s u r e d by 
m e a n s of a s c i n t i l l a t i o n c o u n t e r wi th a -I—in,-wide c o l l i m a t o r . Iodine 
added a s KI (b,p, , 1325°C) c o n d e n s e d in a h i g h e r - t e m p e r a t u r e r e g i o n than 
tha t added a s Cs l (b .p . , 1280°C) and w a s d e p o s i t e d o v e r a wide t e m p e r a t u r e 
zone ( f rom 350 to 1400°C). M o s t of the I^^^ added a s Cs l a p p e a r e d in a band 
on the c o l l e c t o r w h e r e the t e m p e r a t u r e had been be tween a p p r o x i m a t e l y 
800 and 1000°C. The d e p o s i t i o n p a t t e r n s u g g e s t s tha t the ac t iv i ty v o l a t i l i z e d 
m a i n l y a s KI in one c a s e , and a s C s l in the o t h e r . The effect of t e m p e r a ­
t u r e on the d i s t r i b u t i o n of iod ine v o l a t i l i z e d f rom a m e l t re f in ing c h a r g e 
sp iked wi th C s l i s in r e a s o n a b l e a g r e e m e n t with tha t o b s e r v e d with h igh -
b u r n u p fuel. It i s a l s o c o n s i s t e n t wi th the o b s e r v a t i o n tha t f i s s ion p r o d u c t 
iod ine v o l a t i l i z e d to an i n e r t a t m o s p h e r e du r ing m e l t re f in ing a t 1400°C is 
c o l l e c t e d p r i m a r i l y a s Cs l . 

F i g u r e 6 

DISTRIBUTION OF I O D I N E - 1 3 1 IN A CLOSED C O L L E C T O R 
T U B E A F T E R M E L T REFINING SYNTHETIC F U E L 

(Fo r e x p e r i m e n t a l cond i t i ons , s e e Tab le 10) 

EXPERIMENT Z (URANIUM-5 w/o FISSIUM ALLOY 

SPIKED WITH Cs AND C s l LABELED 

WITH I l 3 l ) 

(URANIUM-5 w/o FISSIUM ALLOY 
SPIKED WITH Cs AND K I LABELED 
WITH I IS I ) 

1400 1400 1260 1020 790 660 555 4' 
COLLECTOR TEMPERATURE, "C 

J L 

l _ L ^ U 5 i _ 4 ^ ^ 5 - L ™ | ^ _ 4 o J „ 

J \ \ \ L 
8 10 12 

COLLECTOR ZONE, in from melt 
14 16 18 20 

The r e s u l t s f r o m the e x p e r i m e n t s wi th the c l o s e d c o l l e c t o r s 
s u g g e s t t ha t a l a r g e f r a c t i o n of the iod ine in the p r e v i o u s w o r k wi th syn ­
the t i c and h igh ly i r r a d i a t e d fuel had v o l a t i l i z e d and e s c a p e d f rom the 



appara tus . Prev ious difficulties in obtaining sa t is factory ma te r i a l balances 
were therefore at t r ibuted to inadequate handling and collection techniques. 

C. Release of Iodine from F ibe r f r ax 

In the EBR-II mel t refining furnace mos t of the iodine r e l eased dur­
ing mel t refining is expected to collect on the F ibe r f r ax fume t rap . It was 
therefore n e c e s s a r y to es t imate the amount of this activity that might be r e ­
leased to the argon a tmosphere of the p r o c e s s cell when the fume t rap is 
removed from the furnace and placed in s torage. If the fume t rap is kept 
on top of the crucible , f ission product decay heat from the skull will produce 
a t e m p e r a t u r e gradient in the t rap from about 700 to 350°C, the higher t em­
pe ra tu r e being at the inner surface of the -^- in . - thick t rap which sees the 
active skull. When lifted away from the crucible , the fume t rap is expected 
to cool to a t empe ra tu r e of 150 to 200°C. 

1. Exper imenta l 

Two exper iments w e r e per formed to de termine the ra te of iodine 
r e l ea se from Fiber f rax . The appara tus , shown schemat ical ly in F igure 7, 
consisted of (l) an induction-heated quar tz tube furnace in wliich a synthetic 
fuel charge could be mel t refined with a 1-in.-thick F ibe r f r ax plug serving 
as a fume t r a p , * (2) a separa te r e s i s t ance -hea t ed quar tz tube in which the 
F ibe r f rax plug could be heated in a s t r e a m of argon after mel t refining was 
completed, and (3) an a s sembly of AEC fi l ters and charcoal t r aps to collect 
the iodine activity in the effluent argon s t r eam. A d iagram of the AEC f i l ter-
activated charcoal a s sembly is shown in F igure 8. Ei ther two or th ree filter 
a s sembl i e s w e r e used in each exper iment , and they were a l ternated so that 
m e a s u r e m e n t s of the act ivi t ies could be made without interrupt ing the 
experiment . 

In these exper iments both the l ime-s tab i l i zed zirconia crucib les 
and F ibe r f r ax covers were outgassed at a ininimum t empe ra tu r e of 1000°C 
and a p r e s s u r e of 0. 1 /i p r io r to use. 

The synthetic charge , p r e p a r e d by separa te ly spiking ces ium 
meta l and UI3 to u r an ium-5 w/o f iss ium alloy, was lightly i r r ad ia ted to 
provide Î ^̂  and Cŝ "̂̂  act ivi t ies for analyt ical purposes . The Cs^^ was 
produced by neutron i r r ad ia t ion of meta l l ic cesium in the charge. 

This charge , along with about 0.2 g of sodium (to s imulate the 
sodium from the the rma l bond in the EBR-II fuel), was nielt refined at 
1400°C for one hour. After overnight cooling, the F ibe r f rax plug was 

*During this step the teniperatxire gradient in the F ibe r f rax (bottom 
surface, 1015°C; top surface, 540°C) approximated that observed in 
the top of the fume t rap during t e s t s of the p lan t - sca le mel t refin­
ing furnace. 
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w i t h d r a w n in to the u p p e r f u r n a c e of the a p p a r a t u s , and Xe^ and K r ^ ^ w e r e 
r e m o v e d by evacua t ing the s y s t e i n . The F i b e r f r a x w a s then i s o l a t e d f r o m 
the l o w e r s e c t i o n of the a p p a r a t u s by c los ing a ga te va lve and w a s pos i t i oned 
in the q u a r t z tube f u r n a c e in such a way tha t the d e s i r e d t e m p e r a t u r e g r a ­
d ien t -w^ould be ob ta ined . 

F i g u r e 7 

A P P A R A T U S F O R STUDY OF IODINE R E L E A S E 
F R O M A F I B E R F R A X F U M E T R A P 

(Not to s c a l e ) 

ARGON 

RESISTANCE HEATED 
QUARTZ TUBE FURNACE 

GATE VALVE 

TANTALUM TUBE 
(l-in.OD) 

FIBERFRAX FUME TRAP 
(cylindrical l-in.-desp plug 

fitted to tantalum tube) 

CRUCIBLE AND CHARGE 

CERAMIC INSULATOR 

ASSEMBLY SUPPORT 

TANTALUM HOLDER FOR 
LIFTING FIBERFRAX 
FUME TRAP 

VENT 

VACUUM OR ARGON 

INDUCTION HEATED 
QUARTZ TUBE 
FURNACE 
(4.8 liters) 

•REFERENCE 
THERMOCOUPLE 

108-6357 
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F i g u r e 8 

A C T I V A T E D C H A R C O A L A R R A N G E M E N T F O R 
C O L L E C T I O N O F A C T I V I T Y R E L E A S E D 

T O G A S S T R E A M S 

AEC FILTER 
(65-mmDia) 

ACTIVATED 
CHARCOAL BED 
(Type BPL-
12x30 mesh) 

PYREX TUBE 
AND BALL 
JOINT 

PYREX 
CONNECTOR 

RETAINING 
SCREENS 

-(posit iontd 
with rubber 
seals) 

D 
AEC FILTER 

108-6886 FIRST SECOND THROUGH FIFTH 
SECTION FOURTH SECTIONS SECTION 

F i g u r e 9 shows the a p p e a r a n c e of the F i b e r f r a x t r a p a f t e r the 
m e l t r e f in ing o p e r a t i o n . The b l a c k e n i n g of the zone facing the i n e l t i s a s ­
s o c i a t e d with a c h e m i c a l r e a c t i o n b e t w e e n the F i b e r f r a x and a lka l i i n e t a l s 

F i g u r e Q 

F I B E R F R A X F U M E T R A P USED DURING 
M E L T REFINING E X P E R I M E N T 

TANTALUM 
HOLDER 

QUARTZ TUBE I 
FURNACE 

FIBERFRAX 

111 
ZONE FACING ThE MELT DURING REFINmG OPERAnOM 

1 0 8 - 6 0 7 6 - B 



( sod ium and c e s i u m ) tha t w e r e v o l a t i l i z e d du r ing m e l t re f in ing . S tud ies by 
LaPlante^•'•'*•' of the r e a c t i o n of s o d i u m w i t h F i b e r f r a x at t e m p e r a t u r e s of 
about 500 to 750°C showed a s i m i l a r b l a c k e n i n g of the F i b e r f r a x , wh ich 
c o r r e s p o n d e d to t h e ex ten t of s o d i u m p e n e t r a t i o n . A n a l y s i s of l e a c h i n g s 
f r o m t h e s e t r e a t e d s a m p l e s i n d i c a t e d t h a t the r e a c t i o n r e s e m b l e d a b a s i c 
fus ion of s i l i c a t e , in wh ich the b a s e m e t a l i s i n c r e a s e d , c o n v e r t i n g the 
a c i d i c s i l i c a t e to a so lub l e b a s i c f o r m . 

A r g o n con ta in ing e i t h e r 2.2 o r 175 p p m of oxygen and low 
l e v e l s of n i t r o g e n and w a t e r v a p o r (<25 p p m and 5 p p m , r e s p e c t i v e l y ) * w a s 
p a s s e d o v e r the s u r f a c e of the F i b e r f r a x and t h r o u g h the AEC f i l t e r -
a c t i v a t e d c h a r c o a l a s s e m b l i e s . The flow r a t e w a s he ld c o n s t a n t at 6.6 f t / 
m i n o v e r the s i d e s of the F i b e r f r a x p lug and about 34 f t / m i n t h r o u g h the 
f i l t e r a s s e m b l i e s . The flow of g a s o v e r the s i d e s of the F i b e r f r a x plug 
c o r r e s p o n d e d rough ly to the e s t i m a t e d n a t u r a l flow r a t e in the A r g o n Cel l 
a t m o s p h e r e of the F u e l C y c l e F a c i l i t y . At f r equen t i n t e r v a l s one of the 
f i l t e r a s s e m b l i e s vi^as r e m o v e d f r o m t h e s y s t e m and the ganama a c t i v i t i e s 
w e r e m e a s u r e d . Whi le the a s s e m b l y w a s be ing counted , i t w a s r e p l a c e d 
wi th a n o t h e r one so tha t the g a s - t r a n s p o r t e d ac t i v i t y w a s c o l l e c t e d con t in ­
u o u s l y , e x c e p t for o v e r n i g h t p e r i o d s w h e n the bed w a s coo led to r o o m t e m ­
p e r a t u r e and m a i n t a i n e d in a s t a t i c a r g o n a t m o s p h e r e . 

On c o m p l e t i o n of the expe r inaen t , the a p p a r a t u s w a s d i s m a n t l e d , 
and s a m p l e s for the d e t e r m i n a t i o n of a c t i v i t i e s r e t a i n e d by the F i b e r f r a x 
and c o n d e n s e d on the w a l l s of the r e s i s t a n c e h e a t e d q u a r t z tube fu rnace 
w e r e o b t a i n e d by a l t e r n a t e l y l e a c h i n g t h e s e c o m p o n e n t s wi th aqua r e g i a 
con t a in ing a s m a l l a m o u n t of H F and a d i lu te so lu t ion of NaOH. Al l s a m p l e s 
w e r e coun ted wi th the u s e of a 2 5 6 - c h a n n e l g a m m a r a y s p e c t r o m e t e r . 

2. R e s u l t s 

T a b l e 11 i s a s u m m a r y of the a n a l y t i c a l da ta tha t w e r e ob ta ined 
on h e a t i n g t h e F i b e r f r a x t r a p s u s e d in m e l t r e f in ing E x p e r i m e n t s XI and 
XII. In e a c h e x p e r i n a e n t , the a m o u n t of I^^^ d e p o s i t e d on the q u a r t s w a l l s of 
the f u r n a c e w a s g r e a t e r t han the a m o u n t t r a n s p o r t e d by the flowing a t m o s ­
p h e r e to the A E C f i l t e r - a c t i v a t e d c h a r c o a l c o l l e c t o r a s s e m b l i e s . A n a l y s e s 
of t h e s e f r a c t i o n s a f t e r m o r e t h a n 99% of the I^^^ had d e c a y e d showed tha t 
Cs^^ w a s the only a d d i t i o n a l g a n a m a - a c t i v e e l e m e n t p r e s e n t , 

*The a r g o n ce l l in the E B R - I I F u e l Cyc l e F a c i l i t y i nc l udes p r o v i s i o n s 
for r e m o v a l of oxygen and w a t e r , w h i c h wi l l l inait t h e i r l e v e l s to 5 p p m 
of w a t e r and 20 ppiai oxygen. T h e e q u i l i b r i u m n i t r o g e n con ten t m a y a t ­
t a i n 5 v / o . The c o n c e n t r a t i o n of n i t r o g e n in the a r g o n u s e d in t h e s e e x ­
p e r i m e n t s w a s not v a r i e d s i n c e the i n i t i a l s t u d i e s wi th h ighly i r r a d i a t e d 
a l l oy had i n d i c a t e d tha t t he m a j o r c o n d e n s a b l e v o l a t i l e s c o l l e c t e d wi th 
iod ine Avould be s o d i u m and c e s i u m , and n e i t h e r of t h e s e would r e a c t 
d i r e c t l y wi th n i t r o g e n u n d e r the e x p e r i m e n t a l cond i t ions . 
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DISTRIBUTION OF IODINE-131 AFTER REHEATING FIBERFRAX FUME TRAPS 
USED DURING MELT REFINING OF SYNTHETIC FUEL AT 1400°C 

Equipment 

Melt Refining 
Chargea 

See F igure 7 

Charge Wt (g) 
Atmosphere 
Duration of Melt Refining (hr) 1 
F iber f rax Temp (°C) 

Bottom a r e a facing inelt 1000 to 1015 
Top a r ea 540 

Lightly i r rad ia ted u ran ium-5 w/o f issium 
spiked with ces ium and UI3 

Expt XI, 19.968; Expt XII, 19.858 
Argon 

Fiber f rax Reheating 
Tempera tu re 
Argon Flow through F i l t e r 

Assembly (ft/min) 
Argon Flow over F ibe r f rax 

(ft/min) 
Impuri t ies in Argon (ppin) 

Expt 

X I 

XII 

Initial 
Iodine 

Activity 
(MC) 

867.5 

30 7.8 > 

Fiber f rax 
Temp 

Oxygen 
Cone in 

Time Argon 
(hr) (ppm) 

Indicated below 

34 

6.6 
H2O, 5; N2, <25; Oj, indicated below 

Iodine Distribution, % of Initial Activity 

Collected by Condensed on Retained by 
F i l t e r Assembly System Walls F iber f rax 

Constant heating; 34.2 
680, 315°cb 
Varying^ 23.2^ 

Constant heating; 30.2 
170°C 
Constant heating; 30.9 
170°C 
Varying^ 14 

2 .2 

2 .2 

2 .2 

175 

89 
(av.) 

5.5 

1.2 

2 .8 X 10"^ 

6.5 X 10-^ 

2.6 X 10-^ 

13.6 

0.15 99.8 

''-About 0.20 g of sodium metal was added to the i r rad ia ted charges of Exper iments XI and XII 
to s imulate the sodium presen t as a the rma l bonding medium in the EBR-II fuel element. 

bTempera tu r e s apply to bottom and top a r e a s of fume t rap , respect ively. 
^Cooled to room t empera tu re during overnight holding per iods and reheated to experimental 

t empera tu re . 
•^Includes a short per iod (~5 hr) of constant heating during which the F ibe r f rax was at a t em­

pe ra tu r e of 110 to 150°C. 

The ra t e s of I collection by the filter a s sembl ies for two 
conditions of F iber f rax heating a r e shown in F igure 10, The cumulative 
percentage of activity is based on the amount of activity originally p resen t 
in the Fiberf rax, Under both conditions of heating, the r a t e , after an ini­
tial period of more rapid r e l ease , appeared to be constant over a period of 
about 30 hr. The higher initial ra te may have resul ted from the more rapid 
r e l ea se of activity which had deposited on the outer surfaces of the F i b e r ­
frax during mel t refining. The r e l ea se ra te of iodine was reduced by a 
factor of about 1000 by decreas ing the Fiber f rax t empera tu re from the 
680 to 350°C-gradient t empera tu re to 170°C, 



Figure 10 

E F F E C T OF TEMPERATURE ON IODINE-131 RELEASE 
TO ACTIVATED CHARCOAL ASSEMBLIES DURING 

REHEATING OF FIBERFRAX FUME TRAPS 

Exp t 

X I 

X I I 

Condi t ions 

See T a b l e 11 

See Tab le 11 

In i t i a l 1̂ 2̂  
Ac t iv i t y 
in T r a p 

(/iC) 

867.5 

307,8 

I m p u r i t i e s 
in A 

(PF 

H2O 
N2 
O2 

H2O 

O2 

rgon 
»m) 

5 
<25 

2,2 

5 
<25 

2,2 

5 ' 
< 

EXPERIMENT JI 
FIBERFRAX TEMP 
BOTTOM g80»C 
TOP 3 IS ' 'C 

> 
3 H 

s 

3 

15 20 

TIME AT TEMPERATURE, hr 

35 

The effect of ra is ing the oxygen content of the argon a tmos ­
phere frona Z.Z to 175 ppm on the r e l ease of iodine from Fiberf rax heated 
at 170°C is shown in F igure 11, With the higher concentration of oxygen 
in the argon s t r e a m (175 ppm), the r e l ea se ra te was again nearly constant 
with t ime (over a period of about 30 hr ) , but it was greater by a factor of 
2,3, 
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Figure 11 

E F F E C T OF ATMOSPHERE CONTAMINATION ON IODINE-131 
RELEASE TO ACTIVATED CHARCOAL ASSEMBLIES 

DURING REHEATING OF FIBERFRAX 
FUME TRAP AT 170°C 

15 20 
TIME AT TEMPERATURE, hr 

Distr ibution data for the iodine activity in the charcoal filter 
a ssembl ies used in the t^vo exper iments a r e presented in Table 12. Of the 
total iodine collected in each assenably, m o r e than 80% was found in the 
inlet AEC filter and f irst charcoal bed section (~1.3 cm). The remaining 
iodine activity was dis tr ibuted about equally among the succeeding charcoal 
beds. The percentages of iodine found on the inlet AEC fil ters differed in 
the two exper iments , Avith a retent ion of more than 50% of the total iodine 
collected in Exper iment XI and less than 15% in Exper iment XII, Since 
both the oxygen concentration in the c a r r i e r gas and the t empera tu re of 
the F iber f rax were var ied in the two exper iments it is not known which 
effect contributed more to this a l te red pat tern. However, the higher r e ­
tention by the AEC filter in Exper iment XI is probably m o r e near ly t'^'pical 
of the plant operation, for which the oxygen content of the argon a tmosphere 
is not expected to be g rea te r than about 20 ppm. 

All components of the collector a s sembl ies containing detect­
able amounts of I also contained Cs . The percentages of total ces ium 
and iodine activity as a function of depth of granulated charcoal in the two 
assembl ies used in Exper iment XI a r e shown graphically in F igure 12. The 
constant rat io of iodine and ces ium activi t ies throughout all of the charcoal 



35 

bed sections is evidence that iodine was re leased froin the Fiber f rax and 
t ranspor ted by the argon c a r r i e r gas through the AEC filter was largely in 
the form of Csl. Analysis of a NaOH solution in a bubble t rap downstream 
from the AEC f i l te r -ac t iva ted charcoal assembl ies in this experiment 
showed less than 2 x 10~*% of the total amount of iodine activity found in 
the assembl ies (58/iC). 

Table 12 

lODIME DISTRIBUTION IN ACTIVATED CHARCOAL ASSEMBLIES 
USED FOR STUDY OF IODINE RELEASE FROM FIBERFRAX 

Carbon Filter Assembly^ 

Depth of Charcoal Bed Sections (cm) 

Argon Flow through Filter Assembly (ft/min) 

Total Activity Collected in Assembly (yuC) 

I l31 Distribution » of total collected) 
Section I 

inlet AEC Filter 
Activated Charcoal Bed 

Section E 
Activated Charcoal Bed 

Section n i 
Activated Charcoal Bed 

Section I E 
Activated Charcoal Bed 

Section I 
Activated Charcoal Bed 
Outlet AEC Filter 

Experimental Conditions - See Table 11 

Experirr 

1 

1.3 ±0 .1 

34 

27.64 

55 
30 

5 

3 

3 

3 
1 

e n t X I 

2 

1.3 ±0 .1 

34 

S).79 

71 
21 

2 

2 

1 

1 
2 

3 

1.4 ± 0.1 

34 

0.017 

4 

% 
b 

b 

b 

b 
b 

Experiment H I 

4 

1.4 ± 0.1 

34 

0.016 

12 
82 

b 

b 

b 

b 
b 

5 

1.3 ±0 .1 

34 

0.004 

b 
100 

b 

b 

b 

b 
b 

3A sicetch of the assembly appears in Figure 8, page 30. 
blodine activity was below the detection limit for the gamma spectrometric measurements. 

Cs^^"* ACTIVITY 

I 3' ACTIV TY 

EXPERIMENT Z I 

[FOR COMDiTiONS see TABLE i ) 

ACTIVATED CHARCOAL TYPE BPL, 12 X 3 0 MESH 

(PITTSBLIR5H COKE CO) Figure 12 

COMPARISON OF TOTAL IODINE AND CESIUM 
ACTIVITY COLLECTED IN ACTIVATED 
CHARCOAL BEDS USED FOR STUDY OF 

IODINE RELEASE FROM FIBERFRAX 

TOTAL DES'TH OF AC"IVA"^ED C H A R C O A L . cm 
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IV. DISCUSSION 

It should be recognized that these labora tory r e su l t s a re not 
direct ly applicable to the p lan t - sca le mel t refining opera t ions , since it 
was not feasible to duplicate all of the conditions in the EBR-II facility. 
F o r example , the plant operat ion will involve l a r g e r amounts of fuel, 
differences in the geomet ry of the mel t refining charge and the equipment, 
and higher radiat ion leve ls . If these factors a r e taken into account, 
however, the l abora tory r e su l t s should be a reasonably re l iable indica­
tion of the behavior of f ission product iodine in the plant , and they should 
be useful in establ ishing n e c e s s a r y control m e a s u r e s and handling 
p r o c e d u r e s . 

A. Iodine Distr ibution during Melt Refining 

The r e su l t s f rom the mel t refining demonst ra t ion runs with highly 
i r r ad i a t ed fuel (see data for Exper i inents III, IV, and V in Table 7) indi­
cate that about 0,3% of the fission product iodine in i r r ad i a t ed EBR-II 
fuel will r ema in in the product ingot when the fuel is mel t refined at 
1400°C. Varia t ions in burnup between 0.74 and 1.75 total a /o had no s ig­
nificant effect on the percentage of iodine re ta ined by the product ingot. 
If it is a s sumed that iodine removal occurs by diffusion of the iodine 
through the molten alloy, the min imum diffusion path in the p lan t - sca le 
equipment will be about twice that for the 0.4-kg labora tory demonstra t ion 
runs .* On this b a s i s , the longer liquation t ime in the plant (3 to 4 hr) 
might be expected to provide about the same degree of iodine removal as 
the one-hour pe r iods used in the demonst ra t ion runs . However, approxi ­
mately the same iodine removal was obtained in one-hour labora tory ex­
pe r imen t s in which charges varying f rom 7 to 400 g were mel t refined. 
These r e su l t s suggest that near ly all of the iodine remova l occurs short ly 
after the fuel is mel ted , and that iodine removal may not be a determining 
factor in the r equ i red liquation t ime . 

On the bas i s of information f rom exper iments with both highly 
i r r ad ia t ed and synthetic fuel charges (see Tables 7 and 10), it is e s t i ­
mated that the mel t refining skull and crucible will each re ta in approx­
imately 1% of the iodine activity init ially p r e sen t in the charge . However, 
the situation in the plant equipment is somewhat different with r ega rd to 
the cruc ib le . In the l abora tory studies the crucible was essent ia l ly i s o ­
the rma l at a t e m p e r a t u r e of 1400°C. In the plant, the lower port ion of the 
crucible will be at this t e m p e r a t u r e , but a r e a s nea r the top of the crucible 
wall will be at a considerably lower t e m p e r a t u r e (possibly as low as 600°C) 
A significant fraction of the volat i l ized iodine is therefore very likely to 
condense on this cooler zone. F o r this r eason a higher percentage of the 

*In the demonst ra t ion runs the d iameter of the mel t was about 3.5 cm, 
and the depth about 2.2 cm. In the plant operat ion the mel t s •will be 
about 13 cm in d iamete r and 4.2 cm deep. 



iodine is expected to be p r e sen t in the crucible than that indicated in 
Table 10 for Exper i inents IX and X. 

The exper imenta l evidence frona both highly i r r ad ia t ed and syn­
thetic fuels indicates that the volat i l ized iodine activity is collected as 
Csl. It a lso shows that the ces ium-to- iodine ra t io in all the condensate 
fractions was much g r e a t e r than unity. 

There is insufficient information on the chemical state of fission 
product iodine in i r r ad i a t ed meta l l ic fuels to justify a detailed i n t e r p r e ­
tation of i ts behavior in these exper iments . It is in teres t ing , however, to 
coinpare these r e su l t s quali tat ively with those obtained by other w o r k e r s . 
CastlemanC^) invest igated the r e l ea se of iodine from low-burnup (~10~^ 
total a /o) u r an ium-3 .5 w / o laiolybdenuna alloy that was heated for about 
one hour at 1205'^C under a hel ium a tmosphere . He concluded that the 
iodine was volat i l ized as a compound, p resumably UI2. Although s y s -
teinatic data on the effect of burnup on the chemical state of iodine vola­
t i l ized froixL uraniuna and i ts alloys in iner t atnaospheres a re not 
avai lable, this effect may be significant. 

The solubil i t ies of the r a r e gas fission products in u ran ium a re 
low, with the r e su l t that they agglonaerate into bubbles in the laietallic 
mat r ix . (15) Hilliard(5) has exanained the influence of burnup on the r e ­
lease of fission products froiai molten uran ium under oxidizing conditions. 
With r e spec t to cer ta in volati le fission products (xenon, iodine, and 
ces ium), he found var ia t ions for uraniuiai samples that had been i r r a d i ­
ated to burnups ranging from about 10"'' to 0 16 total a /o , the g rea t e r 
r e l ease occurr ing with the h igher-burnup mate r i a l Although the fuel 
was heated under oxidizing conditions, the effect of bubble formation in 
the meta l was believed to play an important role in the r e l ease of volatile 
fission p roduc t s . The higher pe rcen tages of xenon, ces ium and iodine 
r e l ea se -were explained on the bas i s that at high burnups and high i r r a d ­
iation t e m p e r a t u r e s (about 400°C) these act ivi t ies would be contained 
pr inaar i ly in bubbles or voids. The major escape p r o c e s s would then 
change from atomic diffusion to migrat ion through expanded bubbles and 
c racks in the meta l Such bubbles and mic roc racks have been observed 
in uraniuiai-f issium alloys of the type used in the p resen t exper iments . (16) 
In addition, previous work v/ith u ran iu in- f i s s ium alloys(l ' ' ') had indicated 
that i r rad ia t ion level does influence the r e l ea se cha rac t e r i s t i c s of r a r e 
gas fission products when the fuel is mel ted in an iner t a tmosphere . Thus, 
in the p r e s e n t work, it appear s l ikely that Csl was formed by react ion of 
the e lements within the po re s and naicrocracks m the laaetal. Under these 
conditions naost of the iodine would be expected to volati l ize as Csl during 
laaelt refining of the i r r ad ia t ed alloy, as was found m the exper imental work. 
The deposition of fission product iodine from low-burnup u ran ium alloy 
fuel as a u ran ium iodide, as suggested by Castlenaan, is not in d isagreement 
v/ith this hypothesis , since the p r e s e n c e of bubbles, p o r e s , or m i c r o c r a c k s 
which would se rve as s i tes for Csl fornaation would be l ess likely in fuel of 
lov/er burnup. 



B. R e l e a s e of Iodine to M e l t Ref ining O f f - g a s e s 

The m e l t r e f in ing o p e r a t i o n i s the p r i n c i p a l s o u r c e of h i g h - a c t i v i t y 
g a s e o u s w a s t e s in the E B R - I I F u e l Cyc l e F a c i l i t y . At the end of t h i s 
o p e r a t i o n the f u r n a c e w i l l c o n t a i n g a s - b o r n e f i s s i o n p r o d u c t s , p r i n c i p a l l y 
Xe^^^, Kr®^, and I^^^. As i n d i c a t e d e a r l i e r , t h e s e g a s e s wi l l be p u m p e d to 
a holdup t ank l o c a t e d ou t s i de t h e F u e l Cyc le F a c i l i t y b e f o r e they a r e r e ­
l e a s e d to a s t a c k . C o n t r o l l e d d i lu t ion wi th the s t a c k g a s w i l l be u s e d to 
r e d u c e the c o n c e n t r a t i o n of r a r e g a s ac t i v i t y to an a c c e p t a b l e l e v e l for 
d i s c h a r g e to the a t m o s p h e r e . The iod ine ac t i v i t y p o s e s add i t i ona l p r o b l e m s , 
h o w e v e r , b e c a u s e of the low t o l e r a n c e s on r e l e a s e to the a t m o s p h e r e , and 
the fac t t h a t i t s c h e m i c a l and p h y s i c a l s t a t e d e p e n d s upon the p a r t i c u l a r 
p r o c e s s o p e r a t i o n invo lved . To naininaize sh i e ld ing r e q u i r e m e n t s for the 
o f f -gas hand l ing e q u i p m e n t (piping, t r a p s , v a c u u m p u m p s , h o l d - u p t a n k ) , 
the I^^^ a c t i v i t y in o f f - g a s e s f r o m the m e l t re f in ing f u r n a c e m u s t be 
l a r g e l y r e m o v e d b e f o r e the g a s r e a c h e s the e q u i p m e n t in the subce l l a r e a 
( see F i g u r e 1, page ?) . 

C o n s i d e r a b l e i n f o r m a t i o n on the t r a p p i n g of iod ine ac t i v i t y in g a s 
s t r e a m s h a s a p p e a r e d in the l i t e r a t u r e . l - ' - " " ^ ! ) Much of t h i s in fornaa t ion 
p e r t a i n s to the c o l l e c t i o n of e l e m e n t a l i od ine , w h i c h i s the p r e d o m i n a n t 
s p e c i e s r e l e a s e d Avhen i r r a d i a t e d m e t a l l i c fuel i s b u r n e d in a i r . H o w e v e r , 
the eleiaaental i o d i n e , w h e n d i s c h a r g e d to a v o l u m e s u c h a s a r e a c t o r c o n ­
t a i n m e n t v e s s e l , d o e s no t r enaa in p r i m a r i l y in the e l enaen ta l f o r m , B r i t i s h 
s t u d i e s c o n c e r n i n g the p h y s i c a l c h e m i s t r y of f i s s i o n p r o d u c t iodine and i t s 
r e m o v a l f r o m g a s s t r e a m s h a v e sho-wn tha t iod ine r e l e a s e d to an e n c l o s u r e 
w i l l a d s o r b r a p i d l y on s u r f a c e s . (20) in add i t ion , a d s o r p t i o n on g a s - b o r n e 
p a r t i c l e s and r e a c t i o n s w i th c o n s t i t u e n t s of the a t m o s p h e r e wi l l t a k e p l a c e . 
O r g a n i c coiaipounds h a v e shown a p a r t i c u l a r t e n d e n c y to r e a c t wi th f i s s i o n 
p r o d u c t iod ine in the g a s p h a s e . At Oak Ridge N a t i o n a l L a b o r a t o r y , 
B r o w n i n g l 2 2 j ĵ g^g shown t h a t t he e f f i c i e n c i e s of d i f f e r en t d e v i c e s for the 
r e m o v a l of iod ine f r o m g a s s t r e a m s depend s t r o n g l y on the s i z e of the 
i o d i n e - b e a r i n g p a r t i c l e s in the g a s . In g e n e r a l , d i f f e r e n c e s in the r e s u l t s 
frona v a r i o u s s t u d i e s of i o d i n e - t r a p p i n g t e c h n i q u e s p r o b a b l y can be a t ­
t r i b u t e d to v a r i a t i o n s in the p h y s i c a l s t a t e of the iod ine u n d e r the p a r t i c u l a r 
cond i t i ons invo lved . Ho-wever, t h e r e a p p e a r s to be g e n e r a l agreeiaaent t h a t 
a c t i v a t e d c h a r c o a l i s one of the m o s t e f fec t ive t r a p p i n g m a t e r i a l s for the 
r enaova l of iodine a c t i v i t y f r o m g a s s t r e a i n s . 

In the p r e s e n t s tudy , the m o s t r e l i a b l e e s t i m a t e s of the a m o u n t of 
iod ine a c t i v i t y p r e s e n t in the a r g o n a t m o s p h e r e of the f u r n a c e a f t e r m e l t 
re f in ing w e r e ob t a ined f r o m E x p e r i n a e n t s IV and V ( see T a b l e s 2 and 3). 
T h e s e r e s u l t s i n d i c a t e t h a t a f t e r h igh ly i r r a d i a t e d fuel h a d b e e n m e l t r e ­
f ined a t 1400*^0 and the c r u c i b l e a s s e m b l y h a d b e e n c o o l e d to an equ i l ib r iuna 
t e m p e r a t u r e , * l e s s t han 0 . 0 1 % of the iodine in t h e o r i g i n a l c h a r g e w a s 

*When fu]ly irradiated fuel is processed, that portion of the crucible containing adhering skull may 
not cool much below 65u°C. Fission product heat will maintain temperature gradients in the Fiber­
frax trap between about 15u and "OOOC. In Experiments IV and V, the crucible and skull were at 
about 300 and 650°C, respectively, during the gas-sampling operations. 



pre sen t in the furnace a tmosphe re . Pumping the furnace down to a p r e s ­
sure of about 10 t o r r during Exper iment V had lit t le effect on the r e l ea se 
of iodine activity to the argon a tmosphere . 

In the plant operat ion it is expected that l i t t le iodine activity will 
be r e l ea sed to the furnace a tmosphere , since all of the evidence has in­
dicated that the iodine deposi ts on the cooler port ions of the naelt refining 
furnace, p resumably in the form of Csl. Although exposure of this deposited 
activity to undr ied a i r (Exper iment IV, Table 2) caused some inc rease in 
the amount of iodine in the furnace atnaosphere, this effect is not expected 
to be significant in the mel t refining furnace of the Fue l Cycle Faci l i ty 
where oxygen and naoisture will be essent ia l ly absent. On the other hand, 
when F ibe r f r ax containing iodine and ces ium that had been volati l ized frona 
the synthetic fuel was rehea ted in argon so as to have a t empera tu re gradient 
from 680 to 315°C, the ra te of iodine r e l ea se was slow, but near ly constant 
with t ime over a per iod of about 36 hr (see F igure 10). These resu l t s in­
dicate that success ive furnace pumpdowns during the plant operation will 
not e l iminate completely the activity in the furnace atnaosphere, since soiaae 
additional iodine will be r e l e a s e d to the a tmosphere in each cycle. 

Examinat ion of the AEC f i l te r -ac t iva ted charcoal assembly used 
during the investigation of mel t refining off-gas handling p rocedures in 
Exper imen t V (see Table 3) showed a coinplicated p ic tu re . Since most of 
the activity was found on the AEC f i l ters and since fission product ces ium 
and iodine were p r e s e n t in approximately equal atomic propor t ions , with 
other gamma act ivi t ies essen t ia l ly absent , it appears that the iodine was 
t r anspor t ed p r i m a r i l y as Csl . In this event, the concentrat ion of par t icula te 
Csl in the gas s t r e a m (based on the amount of iodine collected in the AEC 
f i l t e r - cha rcoa l a ssembly and the total volunae of gas involved) was of the 
o rde r of 10""* nag/ l i ter . The r epor t ed efficiency of AEC f i l ters indicates 
99% removal of 0.3-//, pa r t i c l e s at a concentrat ion of 0.2 m g / l i t e r and at 
face veloci t ies up to 200 f t /min. Although the flow ra t e s used in these ex­
p e r i m e n t s v/ere in an efficient operating range for the f i l ter , little is knov,aa 
concerning i ts collection efficiency at these very low levels of par t icula te 
concentrat ion. The p r e s e n c e of iodine (6 x 10"^% of that in the charge) 
downs t ream from the f i l t e r - cha rcoa l bed-f i l ter assenably is evidence that 
the off-gases frona the mel t refining furnace contained some submicron 
iodine-bear ing par t icu la te laiaterial. 

In the above-ment ioned exper iment the AEC f i l te r -ac t iva ted charcoal 
a s sembly was used in a furnace pumpdown over a per iod of about 1.8 h r . 
All of the detectable iodine re ta ined by the charcoal was found in the f i r s t 
1.3 cm of the 9 .7-cm bed. In the plant operation it would be des i rable to 
use a s imi l a r type of assenably for severa l hours . During the initial in­
vest igat ion of iodine r e l ea se frona F ibe r f r ax in a flowing argon a tmosphere 
containing low levels of impur i t i e s (ExiDeriment XI), s imi la r distr ibution 
information was obtained on the act ivi t ies p r e sen t in two filter a s s e mb l i e s , 



each of which was used about 29 hr . It was in teres t ing to note that the 
efficiency of the bed was g r e a t e s t in the f i r s t 2.5 cm of bed depth and 
thereaf ter dec rea sed with bed depth to about 6.5 cm (see F igure 12). The 
percen tages of total cesiuna and iodine activity col lected as a function of 
bed depth were roughly the same . The dec reased efficiency in the f i l t e r -
charcoal bed a s semb l i e s that were used for the longer per iods was t h e r e ­
fore a t t r ibuted to the car ry ing of iodine at tached to carbon in a fine 
par t icula te s ta te . 

The overal l r e su l t s f rom these studies indicate that both f i l ters 
and act ivated charcoal beds a r e n e c e s s a r y to collect iodine activity in 
the argon a tmosphere that is removed from the mel t refining furnace. The 
exper imenta l evidence i s inadequate to provide a predic t ion of the amount 
of iodine activity c a r r i e d on submicron pa r t i c l e s that will not be removed 
ei ther by charcoal beds or by AEC f i l t e r s , but it appears that this fraction 
will be smal l , compared with the total amount of iodine p r e s e n t in the fur­
nace a tmosphere . 



V. CONCLUSIONS 

The r e su l t s of the labora tory studies descr ibed in this repor t have 
led to the following predic t ions concerning fission product iodine behavior 
during the mel t refining of highly i r r ad ia t ed EBR-II fuel in the Fuel Cycle 
Faci l i ty : 

(1) Under the conditions proposed for the reprocess ing of EBR-II 
fuel (melt refining for 3 hr at 1400°C), more than 99% of the iodine will be 
removed from the product ingot by volati l ization. 

(2) Essen t ia l ly all of the volat i l ized iodine will be deposited as 
Csl , r a the r than as e lemental iodine. 

(3) Most of the volat i l ized iodine will be collected in the F i b e r ­
frax fume t rap over the z i rconia mel t refining crucible , and a small 
amount (probably <1% of that p resen t ) will be retained by the skull m a t e ­
r i a l . A significant fraction of the iodine may be deposited on the crucible , 
depending on i ts t empe ra tu r e gradient during the mel t refining p r o c e s s . 

(4) After mel t refining is completed and the furnace is cooled to 
equi l ibr ium at the ambient t e m p e r a t u r e , a pumpdown of the furnace to 
10 t o r r will effect a r e l e a se es t ima ted to be of the order of 10"^% of the 
total anaount of iodine p r e s e n t to the furnace a tmosphere . 

(5) The r e l ea se of iodine collected on a F ibe r f rax fume t rap will 
be smal l (<0.2% of the total iodine in the t rap per hour) when the t rap is 
heated at a t e m p e r a t u r e corresponding to the naaximum heating effect that 
would resu l t f rom fission products remaining in the crucible and skull. 

(6) Iodine that is r e l ea sed to the furnace off-gas and to the Argon 
Cell of the Fue l Cycle Fac i l i ty will be la rgely in a par t icula te formi. 

(7) A combination of high-efficiency f i l ters and activated charcoal 
will renaove near ly al l of the iodine p r e sen t in the furnace off-gases after 
mel t refining. 

This r epo r t covers laiost of the labora tory work that has been done 
on the behavior of iodine in the EBR-II mel t refining p r o c e s s . A la rge 
amount of effort has a lso been devoted to this subject by o the r s* who have 
been concerned with the design and operat ion of p r o c e s s equipment in the 
Fue l Cycle Fac i l i ty . In addition, J . C. Hesson et al.(^) have re la ted the 
l abora to ry data to the handling and s torage of solid and gaseous was tes 
containing iodine in the EBR-II facility. Their calculat ions indicate that 

*L. F . Coleman and G. J. Berns te in of the Chemical Engineering 
Division have been pa r t i cu l a r ly concerned with this p rob lem. 



42 

the ground- level iodine concentrat ion in the a tmosphere nea r the plant 
facility should not exceed the inaxiinum pe rmi s s ib l e concentrat ion of 
9 X 10"^ c /m^ .* An exception could occur if d i rec t venting of a fraction 
of the argon cell gas to the a tmosphere should become n e c e s s a r y in an 
emergency . However, even under emergency venting conditions, the 
iodine level would not be g r e a t e r than five timies that pe rmi t t ed for 
d ischarge over a one-hour per iod in one week. 

ACKNOWLEDGMENTS 

The authors a r e especia l ly indebted to others who have contributed 
to this work: R. C. Vogel, M. Levenson, H. M. F a d e r , J. H. Schraidt , 
L. F . Coleman, and L . B u r r i s J r . for helpful suggest ions; V. G. Tr ice J r . 
for providing much of the equipment, highly i r r ad i a t ed m a t e r i a l , and 
sources of iodine activity n e c e s s a r y for the study; R. J. Meyer , R. J. Popek, 
G. W. Smith, R. P . L a r s en, D. J . Santelli , and C. L. Blogg for analytical 
a s s i s t ance ; D. M. Meyer and W. H. Spicer for technical a s s i s t ance in 
car ry ing out the exper imenta l work; and W. H. Kline, F . P . Marchet t i , and 
T. M. Allen J r . who a s s i s t ed with handling of highly i r r ad i a t ed ma te r i a l 
used in the experiiaients and provided radiat ion safety coverage . 

*This maximum p e r m i s s i b l e concentrat ion, es tabl i shed by the Atomic 
Energy Commission,(23) is based on 40 hr of human exposure in any 
per iod of 7 consecutive days . 



REFERENCES 

1. Creek, G. E . , Mart in , W. J. , and P a r k e r , G. W., Exper iments on the 
Release of F i s s ion Produc t s frona Molten Reactor Fue l s , ORNL-_ _ _ _ _ 

2. P a r k e r , G. W., Creek, G. E., Martin, W. J. , and Barton, C. J. , 
Fue l E lement Catas t rophe Studies: Hazards of F i s s ion Product 
Release from I r r ad i a t ed Uranium, ORNL-CF-60-6-24 (June I960). 

3. Hil l iard, R. K., Oxidation of Uranium in Air at High Teiaiperature, 
HW-58022 (I958y 

4. Hil l iard, R. K., F i s s ion Produc t Release from Uraniuiai Heated in 
Air , HW-60689 (1959). 

5. Hil l iard, R. K., and Reid, D. L., F i s s ion Product Release froiai 
Uranium-Effect of I r rad ia t ion Level , HW-72321 (June 1962). 

6. Megaw, W. J . , Chadwick, R. C, Wells , A C , and Br idges , J. E. , 
The Oxidation and Release of Iodine-131 frona Uranium Slugs 
Oxidizing in Air and Carbon Dioxide, Reactor Sci. and Tech., 15, 
176-184 (1961). 

7. Cas t leman, A. W., J r . , The Chemical and Physical Behavior of 
Released F i s s ion P r o d u c t s , BNL-6415 (1962)" 

8. Hesson, J. C , Fe ldman , M. J , and B u r n s , L., Descript ion and 
P roposed Operation of the Fuel Cycle Faci l i ty for the Second Ex-
pe r imen ta l Breede r Reactor (EBR-Il), ANL-6605 (1963). 

9. Chellew, N R., and Ader, M.. The Melt Refining of I r rad ia ted 
Uranium: Application to EBR-II F a s t Reactor Fuel XI. Be-
havior of Iodine in Melt Refining, Nuclear Sci. and Eng., 9 ( l ) , 
82-86 (1961). 

10. T r i c e , V. G., J r . , and Steunenberg, R. K , Siaaall-scale Demons t ra ­
tion of the Melt Refining of Highly I r rad ia ted Uraniuna-Fiss ium 
Alloy, ANL-6696 (1963). 

11. LaPlan te , J . P . , and Steunenberg, R. K , The Nitridation Rates of 
Uranium-Fiss iuia i Alloys, ANL-6642 (1962), pp. 21-22. 

12. Lawroski , S., Vogel, R C , and Munnecke, V. H., Chemical Engi­
neer ing Division Summary Report , July, August, September, 1962. 
ANL-6596 (1962). 



13. Katz, J. J . , and Rabinowitch, E . , The Chemis t ry of Uranium, 
McGraw-Hill Book Co., Inc. New York (1951), pp. 534-535. 

14. LaPlan te , J. P . , Argonne National Labora tory , pr iva te 
communication (1962). 

15. Churchman, A. T., Swelling and F i s s i o n - g a s Agglomerat ion in 
Metal F u e l s , Am. Inst. Mining, Met. P e t r o l . E n g r s . , Inst. Metals 
Div., Spec. Rapt. Ser . 9,_6_, 13-19 (1959). 

16. Kittel , J. H., Argonne National Labora tory , pr iva te communication 
(1962). 

17. Chellew, N. R., and Steunenberg, R. K., F i s s ion Gas Release and 
Swelling during Heating of I r r ad ia t ed EBR-II Type Fue l , Nuclear 
Sci. and Eng. M^ 1-7 (1962). 

18. Dennis, R., Silvernaan, L., and Stein, F . , Iodine Collection Studies -
A Review, Seventh AEC Air Cleaning Conference Held at Brookhaven 
National Labora tory , Upton, Nev/ York, Oct. 10-12, 1961, TID-7627 
(March 1962), pp. 327-349. 

19. Bancroft, A. R,, Watson, L. C , and Hewitt, R., Tes t s on Col lectors 
to Remove Iodine f rom Ventilation Air , CRCE-981 (AECL-1131) 
(Oct I960). 

20. Chamber la in , A. C , Phys ica l Chemis t ry of Iodine and Renaoval of 
lodme from Gas Streanas, AERE-R-4286 (1963). 

21. McConnon, D., Radioiodine Sampling with Activated Charcoal 
Ca r t r i dges , HW-77i26 (1963). 

22. Browning, W. E . , J r . , and Ackley, R. D., Charac te r iza t ion of Mil l i ­
mic ron Radioactive Aeroso l s and Their Removal f rom Gases , Third 
Conference on Nuclear Reactor Chemis t ry Held in Gatl inburg, Tenn., 
Oct. 9 -11 , 1962, TID-7641 (1962), pp. 130-147. 

23. F e d e r a l Regis te r , November 17, I960: Title 10 - Atomic Energy, 
Chapter 1, Atomic Energy Commiss ion, P a r t 20, Standards for 
Pro tec t ion against Radiation. 




