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PREPARATION OF ALLOY FOR FIRST CORE LOADING OF EBR-II 

by 

Donald C. Hajnpson 

ABSTRACT 

The alloy used for the fabricat ion of the fuel pins for 
the f i r s t core loading of the second Exper imenta l Breeder 
Reactor (EBR-II) was p repa red in the prototype equipment 
developed for the mel t - ref in ing process ing of the i r rad ia ted 
EBR-II fuel. One hundred and twenty-five 10-kg ingots were 
made, of which 40 were unenriched u ran ium-f i s s ium alloy 
and 85 were enr iched uran ium-f i s s ium alloy. In addition, 
nineteen 1 0-kg batches of unenriched u ran ium-f i s s ium sc rap 
and for ty-seven 10-kg batches of enriched uran ium-f i s s ium 
alloy sc rap were mel ted for consolidation into ingots. The 
average yield for the alloy prepara t ion runs was 96.5 p e r 
cent and for the s c r ap remel t runs was 93 percent . The 
chemical and isotopic composit ions of the ingots produced 
were all within specifications (95 t 1.0 w /o uranium, of 
which 48.1 + 1.2 w/o is u " ^ ) . 

INTRODUCTION 

The second Exper imenta l Breeder Reactor (EBR-Il) complex is lo
cated at the National Reactor Testing Station in Idaho. This complex, de
signed by Argonne National Laboratory , consis ts of the r eac to r , power 
plant, and an integrated fue l - reprocess ing plant. The r eac to r is an 
unmoderated, he terogeneous , sodium-cooled reac to r with a design capacity 
of 62.5 Mw of heat. This heat is converted to 20 Mw of e lec t r ic i ty through 
a conventional s team cycle. The initial loading of the reac tor consis ts of 
a uranium (50 percent enr iched)- f i ss ium* alloy. Later loadings may change 
in enr ichment or by substitution of plutonium for a port ion of the uranium. 

The fuel will remain in the r eac to r for about 135 days, during which 
t ime about 2 percen t of the atoms in the fuel will be consumed and con
ver ted by fission to fission products . After removal from the reac tor co re , 
the i r r ad ia ted fuel-e lement subassembl ies a r e s tored in the sodium-cooled 

F i s s ium is a genera l name given to a var iable mix ture of fission prod
uct e lements (atomic numbers 40 to 47), which, when alloyed with 
uranium, impar t to the alloy des i rab le meta l lu rg ica l and radiat ion-
stabili ty p r o p e r t i e s . 
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reactor tank for 15 days to prevent melting of the fuel because of heat 
produced by internal fission products . The fuel is then p rocessed in the 
Fuel Cycle Faci l i ty ( F C F ) which is an integral pa r t of the r eac to r complex. 

In the Fuel Cycle Faci l i ty , the fuel subassembl ies a r e dismantled 
and the individual fuel e lements a r e decanned to remove the thin s ta in less 
steel can from the fuel pins . . These fuel pins a r e about 36 cm (14.22 in.) 
long, 0.37 cm (0.144 in.) in d iameter , and weigh about 70 gm each. After 
chopping to 4 -cm (1.5-in.) lengths, about 1 0 kg of the pins a re loaded into 
a ce ramic crucible for mel t refining. The purified meta l is separa ted 
from the oxide d r o s s , which is formed during melt refining, by pouring the 
metal from the crucible into a graphite mold. The oxide dross forms a 
tightly adhering film on the crucible wall and remains in the crucible when 
the metal is poured. The resul tant ingot is r e ca s t into fuel pins by an 
injection-casting p r o c e s s . The fuel pins a r e inspected, canned and bonded, 
and assembled into subassembl ies . These subassembl ies a r e then r e 
cycled to the r eac to r for subsequent core loadings. 

The mel t - ref in ing p roces s consis ts of liquating the molten alloy 
(mp 1020-1050 C) for per iods up to 4 hr at 1400 C. The decontamination 
of the fuel is accomplished by th ree mechan i sms in the mel t - ref ining 
p rocess . (1 / ( l ) The iner t f ission product gases xenon and krypton a r e 
re leased from the naetal during the heating and melting cycle. (2) The 
lower boiling e lements a re volati l ized from the molten fuel. They are 
trapped and confined in a fume t r ap which s i ts on top of the crucible dur 
ing the mel t - ref ining p r o c e s s . These condensable e lements include 
bromine, iodine, ces ium, rubidium, and cadmium. (3) The e lements which 
a r e more react ive than uran ium reac t with the oxygen of the crucible to 
form a high-melt ing oxide d ross or slag layer . These e lements a re mainly 
in the r a r e ea r th s e r i e s . The e lements which a r e removed by a combina
tion of these p r o c e s s e s compr i se about two- th i rds of the fission products 
generated during each reac tor cycle.(2) 

The resul tant s teady-s ta te concentrat ions of noble meta l s in r e 
cycled fuel can be calculated as functions of fission yield, percent burnup, 
melt-ref ining reac t ions , and yields.(3) To avoid dealing with a fuel of 
changing composition, it is des i rab le to s t a r t with a fuel having an equil ib
r ium or s teady-s ta te noble me ta l concentrat ion. The composition of the 
uran ium-f i ss ium alloy that was chosen for the initial or f i r s t core loading 
of EBR-II is shown in Table 1. 

The Fuel Cycle Faci l i ty (see F igure 1) cons is t s of two heavily 
shielded, interconnected cells .(4) The f i r s t is a rec tangular cell with an 
a i r a tmosphere and is se rv iced by m a s t e r - s l a v e and e lec t romechanica l 
manipulators and an overhead c rane . All the d i sassembly , r eassembly , 
and testing operat ions with the canned fuel e lements and fuel subassembl ies 
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will be conducted in this a rea . The other cell is a c i rcu la r (actually a 
16-sided polygon) cell containing a shielded toroidal-shaped process a rea . 
An inert a tmosphere* will be maintained in this a rea , which will be used 
for the fuel-purification and refabrication p r o c e s s . This a rea is serviced 
by six e lect romechanical manipulators and two overhead c ranes . The r e 
quirement of sealing the cell to maintain the iner t a tmosphere precludes 
the use of any present ly available through or over - the-wal l types of 
manipulator s. 

Table 1 

COMPOSITION OF EBR-II FUEL ALLOY 

Element 

Uranium 
U 235 - 45.72 percent 
U238 _ 49,28 percent 

Molybdenum 
Ruthenium 
Rhodium 
Palladium 
Zirconium 
Niobium 

Weight Percen t 

95.00 

2.46 
1.96 
0.28 
0.19 
0.10 
0.01 

100.00 

Figure 1 

EBR-II FUEL CYCLE FACILITY, MAIN FLOOR 

SODIUM 
DISPOSAL BOX 

ELEVATOR 

*The inert a tmosphere will be essential ly argon, less than 5 percent 
nitrogen, less than 100 ppm oxygen, and less than 5 ppm water . 
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All leads into the cel l a re sealed to the cel l wall to prevent leakage of a i r 
into the cell or contamination out of the cell into the operating a r ea . 

The mel t - ref ining and auxil iary equipment a re designed to be 
operated wholly by the e lec t romechanica l manipula tors . Other pieces of 
equipment in the Argon Cell a re designed to be operated by e lec t r i ca l 
means or a rgon-opera ted pneumatic devices. A means of visual obse rva
tion of the operation of the equipment is provided by large shielding 
windows. 

In o rde r to tes t the many new concepts that a r e being incorporated 
in the Fuel Cycle Faci l i ty and in the p rocess equipment, a ful l -scale 
mockup of a 45-degree segment of the c i rcu la r cel l has been built. It 
has been furnished with prototypes of the viewing window, manipulator , 
lighting, and mel t - ref in ing equipment. For p rac t i ca l r easons , the 
a tmosphere is ordinary a i r , ra ther than a dry iner t a tmosphere , and 
no radiation is p resen t . 

The mockup a r ea and the prototype mel t - ref in ing equipment were 
utilized for the production of the alloy to be used in the f i r s t core of 
EBR-II. The production of the alloy provided an excellent opportunity to 
simulate the conditions for the ent i re mel t - ref in ing operat ions that will 
occur in the Fuel Cycle Faci l i ty . Moreover , the fuel -process ing runs 
not only provided an important means of personne l t ra in ing, but also 
served to develop and improve operating p rocedures and techniques. 
Modifications of the equipment were made and tes ted in this final phase 
of equipment shakedown p r io r to instal lat ion of the equipment in the 
Fuel Cycle Faci l i ty . 

EXPERIMENTAL PROCEDURES AND RESULTS 

Equipment 

The furnace (Figure 2) used in the alloy p repara t ion runs has been 
descr ibed in detai l e lsewhere.(5) In brief, the meta l is mel ted and liquated 
in a l ime-s tab i l i zed , p r e s s e d z i rconium oxide crucible which is si tuated 
inside a graphite susceptor . The susceptor and, consequently, the crucible 
a re heated by a 5- turn, -j-in. d iamete r , solid, uncooled copper induction 
coil . The induction power is 10,000 cycle - 220 volt. The susceptor is 
thermal ly and e lec t r ica l ly insulated from the coil by sil icon carbide gra in 
contained in a F iber f rax* outer s leeve. An inverted F iber f rax cylinder is 
located on the top of the crucible during the heating and liquating phase of 
the mel t - ref in ing operat ion. This se rves the dual function of insulating the 

*A c e r a m i c fiber made of alumina and s i l ica by the Carborundum 
Company. 
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top of the c r u c i b l e and t r a p p i n g the vo l a t i l e c o n s t i t u e n t s t ha t a r e r e l e a s e d 
in m e l t r e f in ing . The f u r n a c e is t i l t ed fo r p o u r i n g by m e a n s of a r a c k and 
g e a r . The m e t a l is p o u r e d into a g r a p h i t e m o l d . 

F i g u r e 2 

M E L T - R E F I N I N G F U R N A C E - POURING POSITION 

The e n t i r e f u r n a c e is e n c l o s e d by a s t e e l be l l j a r wh ich is s e a l e d 
to the b a s e p la t e of the f u r n a c e du r ing the hea t ing and cool ing c y c l e . The 
m e l t s w e r e m a d e u n d e r one a t m o s p h e r e of a r g o n . When not in u s e , the 
f u r n a c e w a s n o r m a l l y c o v e r e d by the be l l j a r in wh ich an a r g o n a t m o s p h e r e 
w a s m a i n t a i n e d . If the f u r n a c e s tood open in the a i r for any a p p r e c i a b l e 
t i m e , o r if new c o m p o n e n e n t s w e r e i n t r o d u c e d into the s y s t e m , the f u r n a c e 
w a s d e g a s s e d at o p e r a t i n g t e m p e r a t u r e s and one nam Hg p r e s s u r e for 4 to 
8 h r p r i o r to i t s u s e for a l loy p r e p a r a t i o n . 

The o p e r a t i o n of the f u r n a c e , excep t for c h a r g i n g , w a s a c c o m p l i s h e d 
by u s e of a m a n i p u l a t o r l " ) tha t is the p r o t o t y p e of the m a n i p u l a t o r s being 
bui l t fo r u s e m the F u e l Cyc le F a c i l i t y . The m a n i p u l a t o r c o n s i s t s of a 
c a r r i a g e wi th a v e r t i c a l t e l e s c o p i n g a r m t e r m i n a t i n g in a g r i p o r hand 
m e c h a n i s m . The c a r r i a g e t r a v e l s on a b r i d g e tha t is p ivo ted a t the c e n t e r 
of the ce l l and r o t a t e s a r o u n d the c e l l . The hand or g r i p m e c h a n i s m , in 
addi t ion to i t s opening o r c los ing m o t i o n , can r o t a t e con t inuous ly in e i t h e r 
d i r e c t i o n . The m a n i p u l a t o r has a 750 - lb lifting c a p a c i t y . Viewing w a s 
a c c o m p l i s h e d by u s e of a prototypeC^) 5-foot th i ck window. 
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Alloy Prepa ra t ion 

The fuel-production p r o g r a m was divided into two phases : (l) the 
prepara t ion of unenriched alloy and (2) the prepara t ion of enriched alloy. 
The s e r i e s of runs for the production of unenriched alloy was used for the 
testing of p rocedures and equipment. The alloy p repa red had the same 
chemical composition as the f i rs t core alloy (see Table 1). The pins cas t 
from this alloy were fabricated for use in the p r ec r i t i c a l loading of the 
reac tor and for var ious physical and meta l lu rg ica l t e s t s . This s e r i e s was 
designated as the dummy-load s e r i e s , and the run numbers were prefaced 
by the initials "DL." The production of s e r i e s for enriched uran ium-
fiss ium alloy was designated as the f i r s t - c o r e loading s e r i e s , and the 
runs were identified by the preface "FC." 

The sc rap and pin ends that resul ted from inject ion-cast ing pins 
from these s e r i e s were remel ted . These p i n - r e m e l t runs more closely 
s imulated the physical conformation of actual mel t - ref in ing runs that did 
the alloy prepara t ion . The p in - r eme l t runs were coded DLP and F C P for 
dummy-load pins and the f i r s t - c o r e pins , respect ively . The DL and DLP 
se r i e s were used to de termine the des i rab le operating conditions, which 
were then used as the bas is of the conditions for FC and F C P runs . 

In the four s e r i e s , a total of 191 ten-kg runs were made. The 
dis t r ibut ion of the runs between the four s e r i e s and the pouring yields ob
tained a re summar ized in Table 2. 

Table 2 

SUMMARY OF INGOT PRODUCTION 

Ser ies 

D L 
DLP 
F C 
F C P 

Total 

Numbe r 
of Runs 

40 
19 
85 
47 

191 

Avg 
Pourin 
Yield, 

95.8 
93.5 
96.8 
92.5 

ĝ 
% 

Total 
Weight 

of Ingots, 
kg 

418 
178 
859 
437 

1892 

U 

95 
95 
95 
95 

(W 
Compo sition 
eight Percent*) 

U"5 

-
45.6 
45.6 

F i s s ium 

5 
5 
5 
5 

•Nominal composit ion 95% U-5% F i s s ium. Of the 95% U in the FC 
runs , 45.6% is U " ^ and 49.4% is U"*, U " ^ and U"^. 
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Because the densi t ies of the alloying e lements a r e l e s s than the 
density of uranium, the re is a tendency for them to float on the melt . As 
a resul t , there is a g r ea t e r chance of a react ion of the alloying e lements 
with impuri t ies in the a tmosphere or of loss of alloying element to the 
d ross slag. Therefore , the method of charging the alloying e lements was 
to place them in the bottom of the crucible and to weight them down with 
the l a rge r pieces of uranium. It has been shown(8) that placing zirconium 
and niobium below the uranium charge , ra ther than on top, approximately 
doubles the amount of the element which alloys with the uranium under the 
same operating conditions. Anew crucible was used for each run. 

The uranium used for the prepara t ion of enr iched alloy was in 
two forms . The enr iched portion was in the form of broken pieces of 
buttons (6-in. d iameter x 1-in. thickness p r io r to breaking) of uranium 
enriched to g rea t e r than 90 percent in U^^ .̂ The diluent uranium was in 
the form of cubes and slabs (-2 to 2 in. on a side) of 1.44 percent enriched 
meta l . These two enr ichments of s tart ing m a t e r i a l were used because 
they were readily available in the des i red puri ty. 

The molybdenum used was in the form of pieces of —-in.-thick plate 
8 

or in the form of s in tered p r e s s e d pel le ts . Ruthenium, rhodium, palladium, 
and niobium were in the form of s in tered p r e s s e d pe l le ts . The z i rconium 
used was in smal l lengths, cut from c rys t a l bar z i rconium. 

Noble Metal Alloying and Homogeneity of Ingot 

The f i r s t va r iab les that were investigated in the DL s e r i e s of runs 
were of alloying of the noble meta l s with the uranium and the degree of 
homogeneity of the ingot. The rel iabil i ty of the method of sampling was 
also investigated. P r e l i m i n a r y tes t s had shown that the composit ion of a 
prot rus ion cast on the base of the ingot was represen ta t ive of the compo
sition of the whole ingot. These t e s t s were made with i ron as a contaminant 
in a uranium ingot. Iron was used because it was more likely to segregate 
(because of fractional crystal l izat ion) than any of the f iss ium e lements . 
The concentrat ion of the iron in the tes t p ro t rus ion samples var ied from 
the concentration of iron in the ingot by less than 2 percent . 

The f i r s t eight of the DL s e r i e s ingots were sampled in four loca
tions as follows: the pro t rus ions cas t on the base of each ingot, and s l ices 
taken from the top, middle , and bottom of the ingot. The analyses shown in 
Table 3 indicate that the ingots were homogeneous and confirmed the ex
pectation that the p ro t rus ion samples were represen ta t ive of the ingot 
composition. 

The degree to which each individual noble meta l alloyed with the 
uranium ma t r ix is shown in Table 4. Also shown in. this table is a com
par ison of the analyt ical resu l t s obtained from three separa te analytical 
techniques that were used on the pro t rus ion samples . 
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HOMOGENEITY OF DL INGOTS 
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Top (avg) 
Middle (avg) 
Bottom (avg) 
Avg of Ingot 
P ro t rus ion (avg) 

Pe rcen t of Nominal Composition 

Mo Ru P d Z r 

97.6 + 5.5^ 
99.0 ± 4.6 
97.0 ± 6.6 
97.8 ± 5.5 
98.7 ± 2.4 

101.3 + 2.6 
101.4 ± 2.7 
102.8 ± 3.6 
101.8 ± 2.9 
101.0 + 1.4 

94.6 + 6.9 
93.8 ± 7.7 
94.9 ± 7.2 
94.4 + 7.2 
93.4 ± 7.6 

85.5 t 6.9 
74.6+ 7.1 
76.1 i 10.6 
78.7 + 8.2 
80.8 + 10.5 

^All values of uncertainty of determinat ions used in this r epor t a re 
based on the equation 

o- n - l 

where a is the degree of uncertainty and d is the deviation of the 
individual determinat ion from the average of n de terminat ions . 

Table 4 

DEGREE OF ALLOYING OF ELEMENTS IN 
CAST DL FISSIUM INGOTS 

Percen t of Nominal Composition 

Element 

Molybdenum 
Ruthenium 
Rhodium 
Pal ladium 
Zirconium 
Niobium 

Nominal 
Composi
tion, w/o 

2.46 
1.96 
0.28 
0.19 
0.10 
0.01 

5.00 

Spectrophotom
et ry 

96.1 + 2.5 
99.0 ± 2.5 

-
99.0 + 3.2 
86.2 + 11.9 

Emiss ion 
Spectrog-

raphy 

95.9 ± 4.2 
103.7 ± 1.9 

97.0 + 3.9 
97.4 + 3.8 

-

X-ray 
F l u o r e s 

cence 

97.2 + 2.4 
98.1 ± 1.8 

-
-

83.7 t 9.5 

No analyses were made for niobium; however, other investigationsV^/ 
have shown that it alloys quantitatively. 
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The analyses of the pro t rus ion samples indicated that this sample 
was representa t ive of the ingot composition. Therefore , this method of 
sampling was chosen for the enr iched-al loy runs . Based on the analytical 
data, the amount of naolybdenum and zi rconium charged was increased to 
obtain the des i red composit ion in the enriched ingots. 

The noble e lement or f iss ium composition of the enr iched ingots is 
based on spectrophotometr ic analys is of about 20 percent of the alloy 
produced. The samples were taken from nine ingots and from the fuel 
pins cast from six other ingots. There is no discernible difference between 
the analysis of the ingots and that of the fuel pins . Although it is a more 
complicated and t ime-consuming p rocedure , the spect rophotometr ic 
method of analysis was used for the study of f i ss ium composit ion in p r e f e r 
ence to emiss ion spect rographic analys is , because the fo rmer naethod 
affords a higher degree of p rec i s ion and accuracy . Samples from all the 
ingots and from all the batches of pins were analyzed by emiss ion spec t ro 
graphic techniques, however, for the purpose of determining the uniformity 
of distr ibution of the individual noble meta l s within the alloy. 

The analytical resu l t s showed a recovery of 99 percent of the molyb
denum in the enriched alloy as compared with the 96 percen t recovery 
evidenced in the unenriched runs . No reason is apparent for this inc rease 
in alloying of the molybdenum. Consequently, the resul tant ingots contain 
2.54 ± 0.05 weight percent molybdenum instead of the des i red 2.46 weight 
percent . 

Ruthenium and pal ladium alloyed quantitatively. The result ing com
position being 2.00 t 0.05 weight percent ruthenium and 0.190 t 0.007 weight 
percent pal ladium. 

As in the unenriched alloy prepara t ion runs , about 86 percent of the 
z i rconium went into solution in the enr iched al loys. The conaposition of 
the z i rconium in the enr iched alloy was 0.101 + 0.010 as compared with the 
des i red composit ion of 0.10 weight percent . Samples of five additional in
gots were analyzed spect rophotometr ica l ly for zirconiuna. 

No spect rophotometr ic analyt ical p rocedure was available for 
rhodium; therefore , the average value obtained by the emiss ion spec t ro 
graphic technique was used. This value was 0.26 i 0.01 as compared with 
the des i red value of 0.28 weight percent . 

No analysis was made for niobium. However, other investigations^") 
have shown that it would alloy quantitatively to the des i r ed 0.01 weight 
percent . 
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The resu l tan t total noble me ta l composi t ion of the alloys was 
5.10 t 0.08 weight pe rcen t , as compared with the 5.00 des i r ed weight p e r 
cent. This i n c r e a s e in composi t ion, f rom 5.00 to 5.10, is due to the higher 
than expected degree of solution of the molybdenum. 

Trace e lement , ca rbon , and ni t rogen ana lyses were not obtained 
for the individual ingots. However, they were obtained on the s tar t ing 
m a t e r i a l and the fuel pins c a s t f rom the ingots.(9) These data show that 
the re was no apprec iab le change in these const i tuents as a resu l t of the 
alloy p repa ra t ion of fue l -p in-cas t ing opera t ions . The carbon content 
averaged 125 ppm and the n i t rogen content averaged 20 ppm in the fuel 
pins ca s t f rom the FC ingots . 

Isotopic Concentra t ion 

The specif icat ions for the fuel alloy with r e spec t to isotopic con
cen t ra t ion a r e that 48.4 ± 1 . 2 a tom pe rc e n t of the uran ium is p re sen t as 
U"^ and that the total of the u""* and U"^ isotopes does not exceed one 
atom percen t . These va lues a r e based on the alloy being 95 weight p e r 
cent u ran ium and 5 weight pe r ce n t noble m e t a l s . The re su l t s of the m a s s -
spec t rograph ic ana lyses w e r e repor ted in weight percen t of each isotope 
in total u ran ium with a p r e c i s i o n of ±1 pe rcen t of the repor ted value. The 
value of 48.4 ± 1.2 a tom pe rcen t U"^ is equal to 48.08 ± 1.2 weight percent 
of U"^ in u ran ium. A th i rd method of express ing the s ame values is as 
atom pe rcen t Û -*̂  in total alloy. The specif icat ions conver ted to this 
bas i s r equ i re 42.99 t 1.06 a tom percen t U^̂ ^ in total alloy. A compar ison 
of the values of en r i chmen t of the alloy with the specif icat ions is shown 
in Table 5. 

Table 5 

ENRICHMENT OF F U E L ALLOY 

Specifications 
Analysis of Ingots 

Weight P e r 
cent U"^ in 

Uranium 

48.08 ± 1.2 
48.09 ± 0.10 

Atom P e r 
cent U"^ in 

Uranium 

48.40 + 1.2 
48.41 + 0.10 

Atom P e r 
cent U"^ in 

Alloy 

42.99 t 1.06 
42.88 + 0.23^ 

a-This value is based on 48.41 ± 0 . 1 0 a tom pe rcen t U"^ in uran ium and 
5.10 ± 0.08 weight p e r c e n t total noble m e t a l s in the alloy. 

The homogeneity of ingot with r e spec t to U^̂ ^ was t es ted on two in
gots . Ingot FC-50 was sam.pled by the usual c a s t - p r o t r u s i o n method and 
in six o ther locat ions on the top, s ides , and bot tom of the ingot. Ingot FC-55 
was sampled by the c a s t - p r o t r u s i o n method and by taking samples from the 
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top, side wal l , and bottom of the ingot. The analyses of these samples 
showed the same s ta t i s t ica l var ia t ion as that found for the analyses of al l 
the enr iched ingot samples . No indication of segregat ion was found. The 
m a s s spec t rographic resu l t s showed the p resence of 0.58 i 0.02 weight 
pe rcen t U^^^ in u ran ium, and 0.088 ± 0.003 weight pe rcen t U"^ in u ran ium. 
This conver ts to 0.59 + 0.02 and 0.088 1 0.003 atom percen t U""* and U"^ 
in uran ium. The total (0.675 atom percent) is l e s s than the specified one 
(l) atom percen t allowed for the two isotopes . 

Table 6 s u m m a r i z e s the isotopic and chemica l composit ion of the 
enr iched ingots. 

Table 6 

ISOTOPIC AND CHEMICAL COMPOSITION OF 
ENRICHED FISSIUM ALLOY 

Weight P e r c e n t Atom P e r c e n t 

Specifiec 

95.00 + 1, 
45.68 ± 1. 
49.32 ± 1. 

<1.0 
5.00 
2.46 
1.96 
0.28 
0.19 
0.10 
0.01 

1 

.0 
,2 
.2 

Obtained 

94.90 
45.64 
49.26 

0.669 
5.10 
2.54 
2.00 
0.26 
0.19 
0.10 

0, 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

.01 

0.10 
0.10 
0.10 
0.02 
0.08 
0.05 
0.05 
0.01 
0.007 
0.01 

Spec if ie 

88.82 ± 0, 
42 
45 

.99 + L 

.83 + 1, 
<1.0 
11.18 

5.67 
4.25 
0.60 
0.39 
0.25 
0.02 

d 

.95 

.06 
,06 

Obtained 

88.58 + 0.28 
42.88 + 0.23 
45.70 + 0.23 

0.675 + 0.02 
11.42 + 0.28 

5.87 + 0.10 
4.33 t 0.12 
0.56 ± 0.02 
0.39 1 0.02 
0.25 ± O.OZ 

0.02 

^No analys is obtained for niobium; quantitat ive alloying was a s sumed . 

Effect of Time and Pour T e m p e r a t u r e on Yield 

Studies( l / made with un i r rad ia ted m a t e r i a l and t r a c e r - l e v e l i r r a d i 
ated f i ss ium indicated that the requ i red conditions of liquation of the mel t 
in the mel t - re f in ing p r o c e s s were 3 to 4 hr at 1400 C. Since the alloy 
p repa ra t ion runs were being uti l ized to provide operat ing exper ience with 
the equipment, the major i ty were made at these run condit ions. 

In p r e l i m i n a r y runs (DL 5 and 6) the me l t s were l iquated at 1400 C 
for only one hour. The r e su l t s showed that one hour was adequate for 
alloying the noble me ta l s with the u ran ium. All subsequent runs were 
made with longer liquation t i m e s . Table 7 shows the effect of liquation 
t ime at 1400 C on the pour yield. 

E lement 

Uranium 
U235 

y234,236,238 

U234 ^ u " 6 

Noble Metals 
Molybdenum 
Ruthenium 
Rhodium 
Pal lad ium 
Zirconium 
Niobium^ 
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Table 7 

E F F E C T OF LIQUATION TIME 
ON YIELD 

Time at 1400 C 
(hr) Yield 

1 97.2 
3 96.9 
4 96.6 

These runs showed that the yield var ied , but not appreciably , with 
liquation t imes between 1 and 4 hr . 

A s e r i e s of runs was made to de te rmine the effect of pouring t e m 
p e r a t u r e on yield. In these runs the alloys were l iquated for 3-^ hr at 
1400 C. The re su l t s a r e shown in Table 8. 

Table 8 

E F F E C T OF POUR TEMPERA
TURE ON YIELD 

Avg Yield 
(%) 

95.2 
96.1 
96.4 

Crucible Degassing 

Of the 18 runs of the DL s e r i e s that were l iquated between 3 and 
4 hr at 1400 C, seven of the c ruc ib les were degassed p r i o r to use and 
the remaining 11 were not. Crucib les were degassed at t e m p e r a t u r e s 
varying f rom 500 to 1500 C, at t imes from 2 to 6 hr and for p r e s s u r e s 
from 1 to 1 X 10"^ m m . The degassing of the c ruc ib les had no appreciable 
effect on the pouring yield. The ave.rage yield was 96.9 i 0.4 pe rcen t for 
the runs using the degassed c ruc ib les and 96.7 i 0.4 percen t for the runs 
using the non-degassed c ruc ib le s . 

The condition of the furnace and components did have an effect on 
the yield. Before making the runs with unenr iched uran ium, the furnace 
was degassed if it had been allowed to stand open p r i o r to the run. The 
yields i nc r ea sed by about — percen t for each subsequent run for the next 
4 to 5 runs . The average yield i nc reased gradual ly with the use , and 

Po ar Temp. 
(C) 

1200 
1300 
1400 
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presumably with the degassing, of the furnace components. The average 
yield for the f i r s t 10 FC runs was 96 percent and increased gradually and 
steadily to an average of 97.3 percent for Runs Number 70 to 86. 

Pin Remelt Yields 

The average yield for the enriched p in - r eme l t runs made in non-
degassed cruc ib les was 92.3 ± 1 . 3 percent . Eight runs were made in 
degassed c ruc ib les . The average yield for these runs was 94.0 ± 0.9 p e r 
cent. It appears that degassing a crucible has an effect on the pour yield 
when pins a r e used. This is probably due to the many-fold inc rease in 
the surface- to-volume rat io of the pins as compared with the bulk meta l 
used in the alloy prepara t ion runs , in which no appreciable effect on pour
ing yields was observed. 

CONCLUSIONS 

The resu l t s of these runs showed that 85 percent of the z i rconium 
and 96 to 100 percent of the molybdenum went into solution. The r ema in 
ing elements (ruthenium, rhodiuna, palladium, and niobium) alloyed quan
titatively. The data also showed that complete homogenization of the 
consti tuents took place in one hour at 1400 C. The method of sampling, 
pro t rus ion cast ing, and the method of analys is , emiss ion spect rography, 
were also proven. Degassing the crucib les p r io r to use in alloy p r e p a r a 
tion did not affect the pour yield as compared with the use of nondegassed 
cruc ib les . However, degassing the crucibles for the pin remel t runs 
increased the pour yield by about 1.5 percent . Decreas ing the pouring 
t empera tu re from 1400 to 1200 C dec reased the pour yield from 96.4 p e r 
cent to 95.2 percent . 

Many equipment modifications and improvements were suggested 
and made during these runs . However, these changes were minor in scope, 
and, in genera l , the equipment proved to be very sat isfactory. 
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