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The e f f ec t  of i r r ad ia t ion  on the  hydrolytic behavior 
of uranium monocarbide as r e l a t ed  t o  the  aqueous chemical 

processing of these reactor  fue ls  i s  beerig investigated.  

'This report  describes the fabricrzkion, evaluation, and en- 
capsulation of the UC i n  niobiwn pr io r  t o  i r radiatfon.  

U r a n i u m  monocarbide buttons vere prepared by arc-  
melting l.5l$-enriched uranium metal with the stoichio- 

metric quantity of spectroscopic-grade carbon. The buttons 
were then remelted and drop-cast i n to  graphite thimbles 3/8 
i n .  in diameter, and 3 i n .  long, The cyl indrical  castings 

were surface ground and cut i n t o  0. i n .  -thick pe l l e t s ,  

which were then polished 

Preirradiat ion evaluation included metdlography, chemical 
a,I1Ltlysis, and hydrolysis studies. Microstructures o f  the 

final p e l l e t s  indicated tha t  the monocarbide was nearly s t o i -  

chiometrl.c ; hovever, some a-uranimn vas present along with 

carbon contamination from the graphite thimbles, 

tungsten-tippea electrodes i n  the arc -melting operation in- 

troduced about 0.3% of tungsten impurity. The coinposition 

of the pe l l e t s ,  as estimated frorn hydrolysis s tudies  and 
chemical analyses w a s  32% UC, 3.5s UC2, 4.0$ uranium metal, 

and 0.Yj  \E. 

The use of 

The UC p e l l e t s  were encapsulated i n  niobium and subscquent- 
ly shrwnk-fit lnto a stainless steel  cladding. Tlie capsules 

were sealed by he l ia rc  welding i n  a helium atmosphere chamber. 
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A program has been i n i t i a t e d  t o  determi:cre the  e f f e c t s  of i r r ad ia t ion  

on the  chemical react ions of interest i n  the aqueous processing of spent 
uranium carbide reactor fue ls .  Fuels uider invest igat ion include bo-th 

mssi.vc earbide slugs c lad i n  stainless s teel  o:~" zirconium, and carbide 

par-ticles dispersed .I;l.u"oug;holmt a graphite imt r ix .  The metal-cl.ad. ele- 
ments probably wi 1.1 require mechanFcaL chopping p r i o r  to e i t h e r  1ydrolysi.a 

followed by n i t r i c  acid dissolut ion of the  residue or d i rec t  n i t r i c  acid 

disso la t lon  o:C the cmbiirle core in preparation for uranium recovery by 
solvent extract ion.  
graphite-base fue ls .  Therefore, t h e  reactions o f  part,icd..ar intei-es-t; 

to fuel processing are: hydrolys?.s i n  nonoxidizing aqueous reagents 

such as water, HC1, and H2SOII., iri-nich y ie lds  hy&ocarhons2' ', and d i r ec t  

dissol-litton i n  nitric acid, nhtcl? r e s u l t s  3.n the  production of some so- 
luble  organic acid.s. 

1 

Nitric acid leaching is a l so  appltcable t o  urzcoated 

11' the  hy&ro:ysis of uranium nicloocarbide grnccedz tlwou& a f x c -  
radi cal mechanismJ i r r ad ia t ed  specima-is r o i L d  y i e l d  si @ i f 3  rant qwintiti es 

of nonvolati le car;bon -ccaia fniz8 polym 
yields principal ly  methane.' 

solut ion i n  n i t r i c  azid r21oal~: ~r.iith t h e  inrmiixn oxiiie resSdue ~lil:ht ad- 

versely affect solv-ent extract ion behavior m.d/or, i f  imsa%uyatzd, fomi 
poten t ia l ly  exylosive ni t ro-n-r~~anics .  

- ewi: thousli unii-i*%liated UC 

These polymers, i n  turn,  d t e r  t h e i r  di s -  

Sj nce nost, wtznim monocarbidr preparations contain UC as an im- 
pui-ity vhlch yielas higher hydroca-rbons upon hydrolysis; extensive 
evaluation of unirradiaied specimens froni the UC batch intend& for ii-- 

rad ia t ion  i s requircd t o  f i s t i n g u i  sh b e t m e n  impw-TLy and rad ia t ion  eT- 
f e c t s .  This in i t i a l  phage o f  the progm~1, r~hich i s sgtWKii-ized in thi.6 

Tcpor L, involved Lhe fabricat ion,  encxpsxlaLioii, and preirradiation 
chemical and netallo8raphic ev-a,.l uation of uranium maaacarbide p e l i e t s  
'fie r e s id t ing  capsulcs w i l l  shor t ly  be in-adiated t o  sevci-al burnup 
levels. 

The au'iliars thank A. I). Horton of t he  OH.NIJ M-alyytf-cFtl Chemistry 

Division f o r  analysis of the  gaseous hydrolysis produ@ts9 I,. Queener 
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of Yne Metals and Ceramics Division f o r  the arc-melting and casting of 

the  uraniua carbide, aid P. P. Hzydon, Chemical Technolofg Division, f u r  
supervising the  cu t t ing  and polishing o f  the  p e l l e t s .  

analyses and the nctallogra~2ii.c examinations  ere provided by the  groups 
of $7. E .  Laing, Analytical  Chemistry Divlsi.on, and I?. J. Gray, 1let;als 

and Cera;nics Division. 

Other chemical 

Eleven cylinders of l . r l$-enriched uranium monocarbide were arc-  

cast fo r  t h e  i r r ad ia t ion  s tudies  as nomindly 3/8-in. -dianeter and 

3 -  i n .  -long rods. 

for preparing the  carbide because of i t s  demonstrated abilitjj t o  produce 

high-density material of control led composition. 

by al loying pur i f ied  uranium derby metal with spectroscopic-grade carbon 

i n  an arc-button furnace (Fig. 1) that had a water-cooled tungstmi-tip- 
ped electrode and a ~mter-cooled copper hearth. 

electrodes permitted close control  of carbon composition, a3.though the  

f i n a l  cast ings contained some tungsten as an impurity. The UC buttons 

were remelted and c a s t  i n t o  graphite thiiribles, 0.39t i n .  i n  imier diamcter, 
by a drop casting-method similar t o  that or ig ina l ly  deve lopd at Battel le  
Pkmorial I n s t i t u t e  . The procedure used here was developed under the  

d i rec t ion  of D. T. Bourgette . Graphite mold I.iners were used t o  de- 

crease t h e  cooling ra%e of t he  castings i n  order t o  decrease tEiermal-stress 
cracking; t h i s  resul-ted i n  the  pickup of’ carbon which appeared as UC2 

prec ip i ta ted  along the  surface. 

The arc-melting and drop-casting method was s e k c t e d  

The UC t7as prepared 

The tungs-ten-tipped 

4 
5 

2.1 Pur i f ica t ion  of S ta r t ing  Metal 

The s t a r t i n g  metal, 1200 g of 1.5l’$-enriched uranium derby stock, 

which contained l9 ppm of carbon, 
surface scale  and then was divided in to  t w o  apyroximately equal portions.  

The chunks of derby m e t a l  i n  each portion were charged t o  a slab cavity 
i n  the water-cooled. copper hearth.  The furnace w a s  sealed and evacuated 
to a pressure less than 2 x torr. High-purity argon was introduced 

and ge t te red  by melting a z i r c o n i m  button. The uranium vas melted sev- 

e r a l  times with an a r c  power of 45.0 t o  500 amp a t  25 t o  50 volts, the  

was pickled i n  13 N IN0 t o  remove - 3  
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Fig. 1 ,  Arc button furnace used for casting UC. 
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uranium slab being turned over with the  electrode between melts. 

argon pressure during melting was 20 t o  25 psia .  

pickled i n  13 I'J ID40 t o  remove most of the surface scale and then were - 3  
remelted. Less surface scale  w a s  observed a f t e r  the  second melt, indi-  

cat ing that m o s t  of the  removable impurit ies had been eliminated during 
the  first melting. The s labs  were hot ro l led  from a salt bath a t  625OC 

in to  0.022-in.-thick s t r i p s ;  then, the  s t r i p s  were pickled i n  13 N H.J!TO 

and sheared i n t o  mia l l  pieces. 

The 
The slabs were then 

- 3  

2.2 Preparation of 1Jranim Carbide Buttons 

Weighed quant i t ies  (2 1 mg) of the  pur i f ied  uranium metal s t r i p s  

and small pieces of spectroscopic-grade carbon i n  the r a t i o  f o r  s toichio-  

metric UC (4.80 w t  $ carbon) were alloyed by arc-melting as buttons 

(about 150 e ) .  
cessary since it contained o n l y  19 ppm. 

four cast ings were prepared by remelting the  skulls from $he first seven. 

No adjustment f o r  carbon i n  the uranium metal was ne- 

S tar t ing  buttons for the  last 

Four uranium-carbon charges and a z i r c o n i m  ge t t e r  button were 

loaded in to  hemispherical cav i t ies  i n  the water-cooled copper hearth of 
the arc-button furnace. The furnace was evacuated t o  1 Lo 2 x 10"' t o r r  

and then high-purity argon was admitted t o  es tab l i sh  a pressure of about 
11 psia .  

uranium-carbon charges. 

p a r t i c l e s  of carbon were no longer v i s ib l e .  
melted an addi t ional  s i x  or seven times to complete the react ion of the 
uranium and carbon and t o  achieve homogeneity. The argon pressure rose 

t o  about 30 psin during the  melting with a 500-amp 30-v arc .  

The zirconium ge t t e r  button vas nielted first and then the 

The first m e l t  of each charge w a s  continued u n t i l  

Eoch 1JC button was then 

2 .3  Drop Casting of the UC Cylinders 

A drop-casting assembly, consisting of" a copper block mold with a 
copper in se r t  and a graphite thimble (Fig. 2 a, b, and c )  was i n s t a l l ed  
in the  arc-button furnace. The basic  copper mold had been used i n  a 
previous development stuw 5 . It vas modified by machining the bottom 
of' the  block mold and flame-spraying the s ides  with Al 0 
decrease heat loss, and reduce thermal-stress cracking of the  castings 

t o  fur ther  
2 3  
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(Fig. a). In  operation, t he  flanged port jon of t h e  graphite 
rested snugly i n  a f l a t  recess i n  the  copper, but  the thimble 

vere not i n  contac 1; with copper (Fig. 2 a and 2 c ) . 

thj.mhle 

sidewalls 

The UC button was placed. over t'ne graphite tiiirnble; -bile furnace was 

evacuated and back-f i l led with argon t o  about LL ps ia  a.nd the  a rc  struck 
on the tungsten peg on the upper rim o f  t h e  copper mold. 

operation was conducted accordlng t o  the  following schedule : 
The cast ing 

1. The arc  vas played on the copper mold i n  a circular motion f o r  
60 sec a t  l . 0 ~  power (about 200 amp> t o  preheat; t he  mold. 

2. The i n s e r t  vas then heated f o r  50 sec. W i n g  the  lasb 10 sec 
of  t h i s  i.iiterva1, the arc w a s  directed- interc;i t tentl jr  on bile 
edge of t he  UC button. 

The a rc  vas then directed on the UC bui;tc,n i t s e l l ,  and 'die poi.Jer 
was gradirally increased from t h e  i n i t i a l  200 amp t o  about 600 

until. the button, except foi- a t h i n  I.ayer a t  tile bottom, isas 
molten 

4. The power 

3 .  

then increased u n t i l  the bottom of  the  bu t ton  melted 
through and the molten UC dropped in to  .the thimble. 
f irst  four  cast ings t h i s  final- power increase (up t o  almost 000 
amp) was applied rapidly.  
te-miinal power increase vas iilore gra,dual; and the mzximum power 
d id  no-t exceed 700 anp. 
were br ighter  than those of the  first. 

After the  UC had dropped i . n l ; ~ ~  t h e  thimble, the  v-acuu111 -valve :Q+S 
opened t o  remove the  argon, and -thereby decrease tile rate of 
heat loss  from the  t'nimF,I.e in an attempt t o  decrease the  t h e - m l  
s t r e s ses  on t h e  cast ing.  

V i t h  "ie 

For the  r e s t  of the castings,  t he  

'Fne surfaces o f  these la t te r  cast ings 

5. 

111 n laL t o t a l  elapsed time from arc i n i t i a t i o n  to  the morneiit t h c  molten UC 

dropped val-ied Pr~oil 2 min 56 sec t o  3 min >1 ser: f o r  czst ings 2 t o  7, 
and from 3 min 10 see t o  3 min 1 5  see for  ihe other f ive  ms i ings .  

%ne as-cast  appearance aad measu-e:liznts of the diameters of the 

eleven cast ings an? i l - lustrated i n  FTg. 3 a and b .  

The cast ings were radj ographed by the  Nondestruc t j  ve T e s t  irig Tabom- 

Casting 1 tory,  Y - 1 2  TechnicaJ Division, w i t h  a mill ion-volt  x-ray uni t .  
appeared t o  have a large cavity,  wnile numbers 6 and 8 nau s r i l a l l  crzvj Lies. 

'The o tiler cast ings appeaxd sound. 
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UNCLASSIFIED 

UNCLASCI FI Fn 

Fig. 2. Copper block mold with copper insert, graphite thimble, and water- 
cooled base plate For drop-casting uranium monocarbide cylinders; (a) top view, 
(b) bottom view of block mold showing where metal was machined away to reduce 
heat loss, and (c) assembled mold. 
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3 .  CTJ"ING AND POLTSHTNG 

Four-gram pellets w i t h  a d im ie te r  of 0.38 to 0.39 i n .  and ,:i thick- 

ness of 0.1.'7 i n .  vcre made by grinding tlle cast rods (Sec 2)  t o  a maxi mu^^ 

dianeter of  0-39 in .  and then s l i c ing*  

The as-cast  rods were stored overnight i n  a vacuum desi.cca-Lor and 
transferred da i ly  i n  a portable desiccatoi. containing 5-A molecul.ar 

sieve t o  the GRNL S-peci.al- Materials nmxhine shop. 

from the  portable desiccator as needed, and the  bo.t;i;m ends were pl-aced 

immediately i n  a standa:cd im.chine chuck on an exhaus-t -hooded Bridgeport 

milling machine. A continuous stream, of perchloroethylene vas directed 

on the grinding, facing, o r  s l i c ing  opera-tion at  a l l  tiraea. 

Rods were remved- 

The rod s i r f ace  was ground to t k  specif ied diameter by a 6-in.-diw:1 

diamond-iaprcgnated wheel- with a 1/2-111. face. The mensurcments l i s t e d  

"oelotr are t 0.001 in. 

liod No. 
1 

2 

3 
It 

5 
6 
'7 
8 
3 
10 

11 

- Ground .-..--- t o  I\la;c. ----- D i m  (in. ) 
not gl-oula 

0.38:, 

Not ground 

Not ground 

0.385 

Not ~ r o l u l d  

0.384 
0.96 

0.387 

Not ground. 

0.383 

D i m  Range ~JJI --. 
0.382-0. SO.[ 
0.481-0 * $35 
0.386-0.387 

0. Bi-0.388 
I ... ._ 

0.~4-0.,$39 
0 .382-0 .39  

'Ifhe end of the rod %.?as then squared. w i t h  a 5-in. cup vheel. S3-i.ceo were 

cut by slo.c.Jly hand-feeding a 6- in .  - d i m  d i ~ ~ I i d - i ~ ~ ~ r e g n a t e d  wheel with 

a I + O - m i l  face in to  the  carbide rod. Vhen cu t t ing  was almost coi-npl.ete, 

t he  s l i c e  broke from the rod, leaving a nodule i n  the center.  T'ilis nodule 

vas removed. and  the  surface roughly pol.ished b y  Iiolding the sli.ce against 

the rotating cup wheel. The fj-nished s l i c e s  froiii each rod were placed. in 
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numerical order i n  a sample bottle with a 0.55 in.-ID glass l i n e r  to 

prevent sh i f t i ng  of the s l i ce s ,  and returned t o  the  desiccator.  

4.1 Summary of Findings 

The f i n a l  p e l l e t s  were r e l a t ive ly  high-purity uranium monocarbide, 

according t o  chemical and metallographic exmination, with visible,  sinal1 
star-shaped cracks. Srmll quanti%ics of a-uranium and uranium aicarbiae 

wcre detected metallographically. Hydrolysis sturlies indicated a com- 

posi t ion o f  about 92$ UC, 3.5:; U C ~ ,  I+$ u xnetd, and. O.S$ 7~~ The pro- 

cedures used for the chendca,l anapyses and the hydrolysis studies were 
reported ear l ie r3 .  

4.2 Resd.ts of visual Barnination 

Small, star-shaped cracks rad ia t ing  Tram the center of the s l i ce s ,  

~di ich  were nm~ibered consecutively s-krtrting from the  skull end, were 

pz-esent i n  a l l  b h e  rods. 

of the rod and In  Lhe v i c in i ty  of a cavity.  Fewer cracks were observxl 

in the  second 'oat;ch (rods 0 t o  11) than i n  the f i r s t .  
found i n  rods I, 3 ,  6, r(, 8, and 9. In  rod 1, s l i c e s  3 ,  4, 3, 9 ,  LO, 

ana 1.1 had holes; i n  rod 3 ,  s l i c e  8 had a pin hole. Ylere were small 
holes i n  rod 6, s l i c e  11; rod 7, s l i c e  LO; rod 8, s l i c e  3; mid rod 9, 
s l i c e  ll. Rod 8 w a s  the  niost crack-free, followed by rods 3 and LO. 

Rod 5 w a s  the  best  i n  the f i r s t  batch. Ninety-nine good s l i c e s  were 
ob-tained from rods 2 t o  11. 

This e f fec t  w s  most pronounced n e w  the top 

Cavities were 

4.3 Resfits  of Elemental ,/iialyses 

p e l l e t  comFosi-tion vas close t o  theore t ie rd :  
C .  Rod 1 was sampled at the top, iiiiddle, and bottom. The s u n  of the 

uranium. and tungsten varied from 95.26 t o  95.3;5$, while the t;otal carbon 
varied from 4.'72 t u  h . r ( l L $  (Table 1). 
oxygen 0.02 t o  0.05$. 

from the  top or bottom on an a l t e rna te  bas i s .  
and tungsten varied from 95.10 t o  95.239, while the  t o t a l  carbon varied 
from 4.69 t o  4.'[8$. 

95.2% u and 4.80$ 

The free carbon wns 0.03$, and 
Rods 2 t o  10 were sampled about 1/4 the  distance 

The sum of the uranium 

Free carbon was less than 0.02$, and oxygen less 
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t h a n  0.08$. 
0.475. 

Semiquantitative anaA1yses for tungsten vari.ed from 0.2 to 

Table 1. 

Theoretical for UC: 

Com-position o f  UC Specimens 

9>.2$ U; 4.805 C 
I...̂ .-III- ............. -. .._____ 

- .... - I-. -. 
R-1-2" 95.26 I+ 7k 0.03 

1:-1.-8 95.28 4 .71+ 0.05 

R-1-13 95 * 33 4.72 0.02 

R-2-4 95.23 4. (8  0.08 
R-3-8 95.22 4.75 0.05 

H-4-3 95.16 jt.76 0.03 

:+5-2-0 95.22 4 - 69 0.01 

13-6 -11 95.15 4.76 0.02 

R-7 -10 95 - 11 4 78 0.03 

R-8-3 95.13 4. '17 0.02 

13 -10 - 3 95.10 4.74 0.02 

R-11-7 95.10 4.78 0.01.. 

R-9-12. 95.14 4.76 0.08 

---_ ........ .--. .... .-._ l_-l_l__ -- ........ _____i_ ~- 
a Semiquantitative analyses f o r  TJ: 

€tree C :  0.02; except f o r  rad I, which was 0.05%. 
0.2 t o  o.)+$. 

c R - 1 - 2  = rod I, 2nd slice from top. 

'The urani urn monocazrbide pe l le t s  were prepared f o r  nctallogrcnp'ny by 
6 the techniques described b,. Gray e t  a l .  Rxnsnination showed rcbatively 

hi gh-pixity urariiixn monocarbide containing small amounts of a - u r a i i i i x m ,  

predominantly i 11 grain bouindari es,  and u r s r i i i m  cliearbidc precipi ta ted 
i n  a Widmanst3tten. 
the surface Y m t  had been i n  contact with the graphite mold. Somc 

areas containing f i n e  needles o f  uranium dicarbide were found a t  greater 

depths from the  surface. 

-- 

pattern t o  a depth of approximately 10 mils from 



Typical microstructures are shown i n  Figs. 4 t o  16. Each s l i c e  

examined had areas  of high-purity uranium carbide (Figs. 5a and lo), re- 
gions where a-uranium w a s  readi ly  detected, par t icu lar ly  a t  higher 

magnifications (Figs. 4 t o  6, 8, 12, and 14), and regions containing 

f ine  needles OF uranium dicarbide (Figs. 7 ,  9, ll, 13, and 15). 

4.5 Results of Hydrolysis Studies 

Hydrolysis of the UC p e l l e t s  i n  water a t  80°C by the procedure des- 
cribed previously 5 yielded a gelatinous, greenish-colored, te t rava len t  

uranium comp0w.d and 90 ~nl. (STP) of gas per gram of sample. 

consisted of 88$ methane, g$ hydrogen, and 376 C2- t o  C8- hydrocarbons 

(Table 2). 
butene-2 were present.  

6 N RCL, 95 t o  994 of the uranium was i n  the  te t ravalent  state. 

The gas 

Small amounts of ethylene, butene-1, and c i s -  and t rans-  

After dissolut ion of the nonvo1ai;ile residue i n  

I 

O f  the 3.96 rng-atorns of carbon or ig ina l ly  present i n  each gram of 
0 this  carbide, hydrolysis a t  80 C yielded an average of  3.56 mg-atoms as 

mthane and 0 . 9  as vo la t i l e  C2- t o  C8- hydrocarbons. 

carbide accounted fo r  0 . 0 l t o  0.02 %-atoms of carbon. The “missing” 

o r  unaccounted for carbon, about 0.06 %-atom, probably resul ted from 

impurity, which i s  known t o  y ie ld  nongaseous products upon the ‘‘1.86 
hydrolysis. 

Tlie i n e r t  tungsten 

The average composition of the  carbide based on the  hydrolysis ex- 
periments was estimated as 92% UC, 3.5$ U C ~ ,  4% u met&, and 0.2 t o  0.4$ 
K!, by conparison with the hyclrolysis prolducts frorn as-cast  buttons eon- 
ta ining 2 t o  10 wt $ C. 7 

Except f o r  the WC, the  composition i s  similar t o  t h a t  of the arc -  
3 melted UC buttons ih i ch  were not sUbjected t o  the bop-cas t ing  procedure . 

5 .  ENCAPSULATIOR OF TI# “URA.Nm4 CARBIDE 

The i r r ad ia t ion  capsule is  shown i n  Fig. 1 7 .  Twelve UC s l i c e s  are 

The contained i n  a niobium tube t o  which a re  welded niobium end plugs. 

niobium w-it is shrunk-fit inside 8 type 3ObL s t a in l e s s  s t e e l  sleeve, 
which i n  turn i s  welded shut. 
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UNCLASSIFIED 
OWNL-LR-PWG 69425 

4-1/4 

-61 
I- 0.535'' BIA 

f .003" 

1/4" \PS 304L STAINLESS STEEL 
a. m 

MACHINED TO 0.4380 ID -o.m5 

N b  0.4372" OD f O . W ?  BY 
0.020'' WALL 
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5 . 1  Inspection of the Niobium Tubing and Rod 

The niobium tubing (norninally 7/16 i n .  i n  inner diameter, with a 

0.020-in. -thick w a l l )  vas cheeked by O W ,  Tnspection Engineering for  
dimensions and by Vidigage, eddy current, and ultrasound methods, and 

f o r  leak tightness by the dye pernetrant me-Lhod.. The outer diameter 

ranged from 0.I.t390 Lo 0.4395 in . ,  and the wall thickness from 0.020 t o  

0.022 i n .  A fev por-Lions of the tubing, in which defects Were indicated, 

were discarded. 
without cracking. Spectrographic analysis  shclkjed about, I-$ t a n t a l u m ,  0.01 
t o  0.1% i r o n  and molybdenum, and l e s s  than 0.015 of any o the r  impurities. 

A niobium bar vas swaged to  provide the s t a t i n g  stock f o r  plug machining. 
Spec t;rographic analyses showed aboxt 0.07% tantalimi and 0.01 t o  0. I$ iron; 

all. other impurities weye below 0. OI$. 

‘Ductility was determined. by f la t ten ing  a 2 ”  5 i n .  1cngl;h 

5.2 Fabricati.on and Ui-aniim Moiiocarbi de Taading of thc Niobium 
Capsules 

A l l  welds W C T ~  performed by the W g s t e n  Lnert Gas piocess i n  iiie 

Iklding and Brazing Shop of  the ORiL Fabrication Dcparlment. 
end plug vas welded t o  the tube i n  a dry box t h a i  !.,ad bcen evacuated and 

then backfi l led w i t i i  argon. 

The f i rs t  

The weld was dye checkzd and x-r-aycd. 

Tlie UC sl.ices were raised inLo the capsule Fy placing . i-ts open end 

i.nto the 61-ass-lined sample bot-t ie described i o  Sec 3. 
Prom the top of the s-tack t o  -Lhe top of the -tube ranged from 0.753 -to 
0.775 in. The second ni.obiu.n w e l d .  was md.e i n  the  dry box a f t e r  evacxa- 

‘cion and hel-iuul. back f i l l i ngm The capsule w a s  hel ium-le~~-checked,  dye-- 

checked, and x-rayed.. 

the  capsules were again x--rayed and helium-I.z& tes ted .  ‘The orientat5.on 

o f  the UC s l i c e s  was establ~i.shed by nwflbering only the t o p  niobium end 
plug. ‘CVO capsules contain special ly  polished slices foT metallography, 

which arc located. a t  t h e  Lop of t h e  stack. The compkte loading diagram 
1.s l i s t e d  below. S l i ces  are nwiiiered. from t he  to:? of t h e  capsule, 141th 

the  o r ig ina l  rod number followed by the sl.i.ce ilurliber from the rod. 

T h e  distance 

After the outei: diameter was machined t o  tolerance, 



I-Cycle I r rad ia t ion  
(-300 Nwd/%on U) 

Capsule 6 .- Capsule 1. 
l_l___ 

11-2 

11-3 

9-3  
9 -4 
9-5 
9-6 
‘3 -‘7 
9-43 
9-3 
9-10 

9-12 

9-1-3 

-4 (~01.1 shed ) 
4 - 10 
4 -13 
6 -7 
6 -8 
6-9 
6 -1.0 
3-9 
3-10 

5 -11 
5 -12 
5 -13 

1.1-8 

11-9 
11-10 

10-5 

10 -6 
1.0 -‘7 
10-8 

10-9 
10 -10 

10-11 

10-12 

10-13 

5.3 Stainless Steel Cmining 

4 -4 It -7 
1. -‘7 1-12 

‘7 -5 ‘y -8 
7 -7 ‘7 - 9 
7 -12 ‘7-1-7 

The stainless steel bvhu la r  s h e l l  was placed on a hot plate  and t h e  

niobium capsule inser ted.  TIe stainless sheel plugs vere velded. t o  the 
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tube i n  an argon atmosphere, leaving vent  hol-es i n  both end plugs ?in- 
sealed. The or ientat ion of  the UC slices ifas identif’iecl by having the 

top end plug bear two numbe:rs and thc  bottom only one. 

The end vents were sealed i n  Yne d ~ y -  box a f t e r  evacuation and 

helium back f i l l i n g .  

examination sh.oi.red insuff ic ient  depth o f  penetration on a f e x  of the 

vent closures. Rejected velds were machined out .  Rfi;er repa i r ,  the 

uni’is ~ ~ e r c  again x-rayed and helium-leak t e s t ed ,  
t o  the required d imetev  and again x-rayed and helium-led< Lested. 

The u n i t s  passed .t‘ne helium-leak t e s t ,  b i t  x-ray 

The units vere aachined 

Fow spacer nu‘os were velded t o  the top  plug and three t o  the 

bottom p lug  t o  ensure 0ricntai;ion ident i f icat ion,  arid the units viere 

x-rayed again. The bottom slice o f  capsule 6, i . e . ,  s l i c e  13 of rod 

5, I T ~ S  cracked. 

Tine i r rad ia t ion  i-equesLed. i s :  Capsules I and 6 Tor oiiz cycle a t  

a thermal neutron flux of 6 x 10”: capsd-es 3,  LI-, 5, and. 9 t o  a time- 

integrated f l u x  of  2 .3  x 1021 (at 6 x 10”) tha-t t o  be followed by 

i r rad ia t ion  a t  a the-i.rm.1. neutron f l u  of 9 x 10 t o  a cumulative t h e -  

integrated f lux of 5 .2  x 10 . For capsules 5 and 3, an additional 

irradiation a t  a flux of 1 . 2  x 10  

x 10 was requested.- The capsules are t o  be oriented with the t o p  

up i n  the reactor t o  avoid pressui-e 0x1 the  polished s l i c e s .  

13 
2.1 

111- f o r  a time.-in-i;egrated flu of l . 2  
22 
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