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This report was prepared au an account of Government eponsored work. Neither the United 
States, nor the Commission, nor any person actlng on behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with respect to the accu- 
racy, completeness, or usefulness of the information contained in thie report, or that the use 
of any information, apparatus; method, or  process disclosed in thie report may not infringe 
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This i s  the s i x t h  q u a r t e r l y  repor t  on t h e  Advanc.4 Plutonium Fuels Program con- 

ducted a t  t h e  Los Alamos S c i e n t i f i c  Laboratory. A comparison of  t h i s  i s sue  with t h e  

previous q u a r t e r l y  repor t  wi l l  show t h a t  acCuu~lts o f  add i t iona l  areas  o f  study have 

been included i n  t h e  cur ren t  document. These inves t iga t ions ,  described i n  t h i s  repor t  

under t h e  heading "Other Advanced Systems,'! were formerly reported i n  LAMS documents 
' 

t i t l e d  "Advanced Reactor Technology,@' a  s e r i e s  which has now been discontinued. 

s t a r t i n g  i n  January 19G8, t h e  LASL Advanced Plutonium Fuels Program was expanded 

t o  inc lude  work on s o l i d  m e t a l l i c  f u e l  systems f o r  f a s t  r e a c t o r  (Project  824).  Report- 

i n g  of  t h i s  work w i l l  begin i n  t h e  next  i s s u e  o f  t h i s ,  se r ies :  . .. 
Most of  .the i n v e s t i g a t i o n s  discussed hcrc. a r e  o f  t h e  c o n t i n u i ~ ~ g  type. The r e s u l t s  

and conclusions described may there fore  be superseded as t h e  program progresses .  Pub- 

l i s h e d  reference , to  these prel iminary r e s u l t s ,  o r  quotat ions of  them, should not., h e  

made without ob ta in ing  e x p l i c i t  permission t o  do so  from t h e  person i n  charge o f  the 
work. 
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.R. H .  Perkins 

I .  INTRODUCTION lO~n-3000:h. has been observed by i n  situ gamma 

~ i ~ h - ~ ~ m p e r a t ~ ~ ~  sodium systems, such as those scanning of loop components and by radiochemical 

contemplated f o r  use i n  f a s t ,  cen t ra l - s ta t ion- re -  analysis  o f  t r a p s  and metal specimens removed from 

a c t o r  concepts, requ i re  a high leve l  'of p u r i t y  con- the loop. Hot t rapping,  cold t rapping,  and, g raphi te  

t r o l  t o  l i m i t  corrosive processes and t o  preserve adsorber experiments have been conducred. 

r e l i a b i l i t y .  In addi t ion,  the  advent o f  l a r g e  so- The s o l u b i l i t y  o f  oxygen i n  sodium using the  

dim-cooled f a s t  reac tors  requires  a knowledge of  vacuum-dist i l la t ion a n a l y t i c a l  technique has been 

f i s s i o n  product re lease  and d i s t r i b u t i o n  i n  t h e  determined over i h e  temperature range of 125" t o  

primary coolant system and t h e  development of meth- 300°C.. An experimental f a c i l i t y  t o , b e  used f o r  the  
. . 

ods by which t h i s  d i s t r i b u t i o n  can be al ' tered. To development of  a n a l y t i c a l  techniques f o r  the  meas- 

honi to r  the  impurity l eve l s  i n  coolant sodium (and 

i n  i t s  'associated cover gas system), s u i t a b l e  i n -  

strumentation and ana ly t ica l  techniques must be de- 

..vkloped. Methods and k i n e t i c s  o f  , impurity control  
.a . are s tudidd using these analyt:i.c.al devices as  they . 

become ava i lab le .  

The re lease  and d i s t r i b u t i o n  of  f u e l  and f i s - ,  

s ion  products i n  sodium systems have been s tud ied  

using.hbth sea led  capsules and forced-convection 
' 

sodium loops. Preliminary experiments have been 

p e ~ f o m c h  on ,the rrl+a,e o f  f i ~ ~ i o n  products from 

t r a c e - i r r a d i a t e d  (U,Pu)C f u e l  i n t o  a sodium column , 

under isothermal conditions and with an a x i a l  tem- 

urement of  impur i t i es  i n  sodium has been constructed 

and i s  being tes-ted. Another.sodium loop which w i l l  

be used i n  t h e  development o f  i n - l i n e  instrumenta- 

t i o n  and inves t iga t ion  o f  t h e  so lub le  g e t t e r i n g  
, - . . 

technique f o r  impurity control  is  being b u i l t .  

The performance c h a r a c t e r i s t i c s  of  d i f fe , ren t  

designs of  cold t r a p s  f o r  sodium syste,ms a r e  being 

determined. Several t e s t s  were conducted t o  de te r -  

'mine t h e  r a t e s  o f  change of oxygen concentrat ion i n  

a system following rap id  changes i n  t11e cold t r a p  

temperature. Methods t o  measure t h e  r a t e  a t  which . 
gases d i f f u s e  i n t o  sodium loops have now been t e s t e d .  

Results a re  encouraging. The f a b r i c a t i o n  o f  a r t i -  

perature, gradient .  Similar  experiments have been ' f i c i a l  leaks i n  sodium containers  i s  continuing. I f  

i n i t i a t e d  t o  study t h e  d i s t r i b u t i o n  of  individual  the  program i s  successful ;  i t ,may  be 'possible  t o  

long-lived gamma-active i so topes  i n  a sea led  cap- e s t a b l i s h  pre-operat ional  t e s t i n g  standards which 

rule Sodim and a trapping ma- w i l l  i n s u r e  s a t i s f a c t o r y  s e r v i c e  l i f e  f o r  sodium 

loop components. I I 

. t e r i a l .  . 
Long-lived f i s s i o n  products-,have been i n t r o -  11. TRANSPORT AND DISTRIBUTION OF FISSION PRODUCTS 

duced i n t o  a small ,  forced-convection sodium loop IN SODIUM: LOOP EXPERIMENTS ' 

. . ( J .  C .  C l i f fo rd)  
by immersing a t r a c e - i r r a d i a t e d  plutonium a l l o y  i n  ' 

t h e  flowing sodium. The d i s t r i b u t i o n  of  plutonium, A. General 
90 137 

S r ,  Cs, and l S 5 ~ v  i n  t h e  iOop, over petlods o f  The behavior of  r a d i o a c t i v i t y  released t o  



sodium from f a i l e d  o r  vented f u e l  elements may l i m i t  

access  t o  por t ions  o f  the  primary coolant  system and 

may a f f e c t  the  consequences o f  a loss-of-coolant  

i n c i d e n t .  Depending on t h e  f iss ion-product  re lease  

f r a c t i o n  a n t i c i p a t e d  i n  e i t h e r  circumstance, it may 

be d e s i r a b l e  t o  scavenge these  spec ies  (as well a s  

uranium and plutonium) from t h e  coolant .  

The immediate goals o f  t h i s  i n v e s t i g a t i o n  are:  

(1) t o  i d e n t i f y  sodium-soluble f iss ion-product  

spec ies  and (2) t o  examine t h e  e f f e c t s  of  primary- 

coolant-system cons t ruc t ion  mate r ia l s ,  design fea-  

t u r e s ,  and opera t ing  condit ions on these  spec ies .  

B Current Reslil t s  

A forced-convection sodium system has been as- 

sembled f o r  s tudying the  r e l e a s e  and d i s t r i b u t i o n  of  

. 1311, 1408a, 1 3 7 ~ ~  and o t h e r ,  l e s s  so lub le  ( i n  so-  

dium) spec ies  from t r a c e - i r r a d i a t e d  plutonium fue l s  ?. 

The sodium system, which i s  shown i n  Fig.  1, con- 

sists of  a primary loop containing t h e  i r r a d i a t e d  

Fig. 1. Sodium system f o r  studyi.ng the behavior o f  
Piss lon  product Ha, I ,  and C s  r e leased  from i r r a -  
d i a t e d  plutonium f u e l s .  

fue l  and a secondary, nonradioact ive loop f o r  ex-  

t r a c t i o n  o f  heat  from t h e  primary loop. The p r i -  

mary loop i s  c o ~ ~ ~ ~ o s e d  o f  rh ree  s i m i l a r  v e r t i c a l  

columns, a hea te r ,  h e a t  exchanger, pump, flowmeter, 

. and f u l l - f l o w  cold t r a p .  The v e r t i c a l  columns, the  

heat  exchanger, t h e  ful l - f low cold t r a p  and t h e i r  

connecting p ip ing  l i e  i n  the  same v e r t i c a l  plane 

and can be scanned i n  t h e  v e r t i c a l  and hor izon ta l  

d i rec t ions  using a high-resolut ion gamma d e t e c t o r  

jlnd scanner described previously.1 The cold t r a p  

i s  connect.ed t o  t h e  r e s t  o f  the  primary loop with 

metal,-gasketed tubc j o i n t s  and can be replaced with 

o ther  items as t h e  need a r i s e s .  The secondary loop 

cons i s t s  of  the  annulus o f  the Na/Na heat  exchanger, 

an a i r  heat  dump, d i f fus ion  cold t r a p ,  pump, and 

flowmeter. 

The loops a r e  small ,  containing a t o t a l  o f  

3 l b  of  sodium. The maximum mass flow i n  each loop 

i s  300 ' lb /h ,  and corresponding sodium v e l o c i t i e s  

a r e  approximately 1-1/2 f t / s e c  i n  t h e  connecting 

tubing and 0 . 1  f t / s e c  i n  t h e  v e r t i c a l  columns. The 

range of  operat ipg temperatures i s  110"-650"~. A t  

p resen t  the  primary loop i s  being hn t ' t r appod  a t  

600°C t o  remove t h e  oxide f i lm from t h e  sodium- . . 
wetted ' s t a i n l e s s  s t e e l  sur faces .  

T.11.. TRANSPORT AND DISTRIBUTION OF FISSION PKODU~?S ' 

IN SODIUM: CAPSULE EXPERIMENTS 
(J. C. Biery, C.  R .  Cushing) 

A.  General 

The rupture of  nuc lear  reac tor  f u e l  elements 

containing ceramic Pu-U p e l l e t s  wi.11 allow f i s s i o n  

products t o  be leached from the p e l l e t s  by t h e  so-  

dium coolant .  The re lease  r a t e s  o f  thesc  f i s s i o n  

products should be known t o  evaluate  sodium system 

contamination problems. This research proeram is  ' 

qes;igned t o  determine f i s s i o n  prndlict mass t r a n s f e r  

r a t e s  from ceramic f u e l  p e l l e t s  t o  sodium as a 

funct ion of  temperature, sodium condit ions,  and pe l -  

l e t  composition. 

The r e l e a s c  of  f iss ior l  products i n t o  sodium 

from i r r a d i a t e d  Pu-U ceramic f u e l  p e l l e t s  i s  being 

s tud ied  by.meas~~ring gamma count r a t c  s p t i t ~ a  Prum 

t h e  and t h e  sodium i n t o  which f i s s i o n  prod- 

u c t s  have t r ; lnoferrod.  Thc ncutmn irradiared pel -  
l e t  i s  enclosed with 3 t o  10 in, of ~ndiilm in tc 

12-in. -long capsule. The d i s t r i b u t i o n  of f i s s i o n  

products as  a funct ion of  time and pos i t ion  i n  t h e  

capsule i s  determined by gamma sciu111ing the capsule. 

The temperatures f o r  the  experiments range from 

650" t o  900°C. The furnace can impose e i t h e r  i s o -  

thermal condit ions o r  longi tud ina l  temperature gra- 

d ien t s  up t o  2S°C/in. 



B. Current Results perimental techniques, a r e  1311 and 1 4 0 ~ a - 1 4 0 ~ a .  

An experiment designed t o  study f i s s i o n  prod- The s p a t i a l  d i s t r i b u t i o n  o f  energe t ic  gamma 

uct mass t r a n s f e r  from an i r r a d i a t e d  (U,Pu)C p e l l e t  . 
i n t o  sodium was s t a r t e d  on December 1, 1967. A 

0.244-in.-long x 0.260-in.-diam p e l l e t  was i r r a d i -  

a ted i n  t h e  Omega West Reactor (OWR) f o r  two p e r i -  

ods o f  116 h each i n  an average thermal f l u x  of  
2  

8.3 x 101° n/(cm -sec) .  The number of f i s s i o n s  was 

6.7 x 1016 and t h e  number of  1 3 7 ~ s  atoms produced 

was 3.5 x lo1'. The p e l l e t  was placed i n  contact  

with a  7-in. column of sodium i n  a  0.430-in.-diam 

s t a i n l e s s  s t e e l  tube.  The temperature a t  the  p e l l e t  

was 800°C and a t  t h e  top o f  t h e  sodium column i t  was 

70o0c. 

Counts of  t h e  p e l l e t  and nf t h e  sodium 3 i n .  

above t h e  p e l l e t  were made 10 and 11 days a f t e r  

s t a r t u p .  The s l i t  s i z e  on the  scanner was 1/2 i n .  

high. by 3/4 i n .  wide. The count o f  the  p e l l e t  i n -  

dicated t h a t  t h e  detect ion e f f ic iency  o f  t h e  s o l i d -  

s t a t e  d e t e c t o r  a t  a  dis tance of 19 i n .  from the 

source varied from 4.5 x lo-'% t o  6.2 x 10y6%. The 
131 sodium count detected measurable amounts, of  I ,  

1 3 7 ~ s ,  1 4 0 ~ a - 1 4 0 ~ a ,  and 1 4 4 ~ e .  

The experiment i s  u t i l i z i n g  t h e  new s o l i d - s t a t e  

detector-scanner  system. The r e s u l t s  thus f a r  i n -  , 

dica te  t h a t  t h e  system with the 4096-channel ana- 

lyzer  can de tec t  extremely low concentrations of the 

f i s s i o n  products i n  sodiiim .tn siLa a3 the mas3 

t r a n s f e r  process i s  occurring. For ins tance ,  the  

concentrat j  nn of  1 4 0 ~ a - 1 4 0 ~ a ,  as ind ica ted  by the 

counting r a t e ,  is  l e s s  than ppm. 

emi t te r s  i n  small capsules i s  measured as a  func- 

t i o n  of  time and temperature d i s t r i b u t i o n .  These 

measurements a re  accomplished by gamma scanning t h e  

capsule both a x i a l l y  and d iamet r ica l ly  while it i s  

moved l i n e a r l y  i n  1-mil increments i n  f ron t  of  a  

sodium-iodide d e t e c t o r  system. Observations o f  t h e  

approach t o  equi l ibr ium as a  plane. 137~s  source d i f -  

fuses  i n t o  a  c y l i n d r i c a l  column o f  sodium should 

permit est imations o f  t ranspor t  and adsorption 

r a t e s ,  d i s t r i b u t i o n  c o e f f i c i e n t s ,  ahd d i f fus ion  co- 

e f f i c i e n t s .  Since t h i s  method o f  measurement allows 

a  t o t a l  m a s s  balance over t h e  system, i t  should be 

possible  t o  determine these  parameters q u a n t i t a t i v e -  

l y .  

B.  Current Results 

A 12-in.-long, 1 - i n . - d i m  s t a i n l e s s  s t e e l  cap- 

s u l e  containing 1 3 7 ~ s  on a  s t a i n l e s s  s t e a l  planchet  

and 6 i n .  of  sodium i s  now i n  t e s t .  A room temper- 

a t u r e  a x i a l  scan o f  the  capsule a f t e r  loading showed 

t h a t  most of  the  cesium was on t h e  planchet .  The 

capsule was then heated isothermally t o ' 2 0 0 ~ ~  and 

scanned a x i a l l y  and r a d i a l l y .  Axial scans a t  5 ,  48, 

14'8, 240, and 312 h ind ica te  t h a t  the cesium from 

the planchet d i s t r i b u t e s  q u i t e  slowly. This i s  i n  

contragt  t o  the  rap id  cesium r e d i s t r i b u t i o n  a t  high- 

e r  temperatures. 

Radial scans taken a t  72 and 144 h show a uni- 

form r a d i a l  concentrat ion o f  cesium i n  sodium with 

l i t t l e  o r  none on the  walls .  Previous observat ions 

IV. TRANSPORT AND DISTRIBUI'ION OF FISSION PRODUCTS .on an 8- in.  capsule disclosed s i g n i f i c a n t  deposi t ion 
1N.SODIUM: CAPSULE EXPERIMENTS WITH SINGLE 
lsijToees ' o f  cesium on t h e  s t a i n l e s s  s t e e l  wal ls  i n  the  sodium 

(L. A.  Geoftrion, J .  M. Williams) region when t h e  capsule temperaLulse was lowcrod t o  

A. General room temperature a f t e r  holding a t  200°C f o r  200 h.  . 

Capsule experiments have been designed t o  de- V. TRANSPORT OF STRUCTURAL, CONTAINER, AND GETTER 

termine t h e  d i s t r i b u t i o n  of  gamma-active isotopes 

i n  t h e  sodium/stainless steel/helium/adsorber s y s -  

MATERIALS IN SODIUM I 

(J. C. Biery, C .  R .  Cushing) 

tem as a  filnction of time and temperature. l'he use ' A '  
Fiss ion product getter.i.ng s t u d i e s  have i n d i -  

of  gamma-ray scanning w i l l  enable the  study of  

tranSp6rt r a t e s ,  adsorption and dosorpti nn phenom- 
cated t h a t  the use of carbon beds i n  a  sodium system 

ena, and t h e  equi l ibr ium d i s t r i b u t i o n  between may be usefui  f o r  lT7cS removal. 'Calbun, hovcvor, 

phases. The isotope 137Cs is the first radioisotope is  s l i g h t l y  so lub le  i n  sodium and can carburize 

t o  be s tud ied  i n  these experiments because it i s  a  a u s t e n i t i c  s t a i n l e s s  s t e e l s  and re f rac tory  metals.  

The temperature dependence of  t h i s  r a t e  process is  
major f i s s i o n  product released from i r r a d i a t e d  nu- , 

c l e a r  f u e l s  and i t s  27.7-yr h a l f - l i f e  i s  r e l a t i v e l y  
not known. Therefore, t h e  purpose of  t h i s  s tudy i s  

t n  determine t h e  temperature range i n  which t h e  
long. o t h e r  ' c a ~ d i d a t e s  f o r  s tudy,  using these e x - .  



carbon mass t r a n s f e r  r a t e s  a r e  s u f f i c i e n t l y .  low t o  

allow use o f  carbon beds i n  a sodiwn system. 

The carbon t r a n s f e r  r a t e s  from carbon - rods  w i l l  

be s t u d i e d  i n  thermal convection loops. The Type 

304 o r  316 s t a i n l e s s . s t e e 1  loop i t s e l f  w i l l  serve as 

t h e  carbon s i n k  when these mate r ia l s  a r e  s tud ied .  

?n a second s e r i e s  o f  runs, vanadium a l l o y  s leeves  

w i l l  s e rve  as  the  g e t t e r s .  

B. Current Resul ts  

The design of a s e r i e s  o f  sodium thermal con- 

vect ion loops has been i n i t i a t e d  as  the  f i r s t  p a r t  

of t h e  carbon mass t r a n s f e r  program. The loops a re  

t o  be f a b r i c a t e d  from 1-in.  -0.d. Type 304 s t a i n l e s s  

s t e e l  tubing,  w i l l  be 2 f t  high and w j l l  have Croci6 

flaw l e g s  1-112 f t  long. The loops a r e  designed t o  

, cont ro l  oxygen with d i f fus ion  cold t r a p s  o r  by pre -  

condit ioning with a well-character ized sodium supply. 

In t h e  l a t t e r  ins tance ,  sodium from t h e  supply sys-  

tem w i l l  be pumped through t h e  thermal convection 

loop f o r  a number o f  days a t  t h e  approximate con- 

d i t i o n s  .of t h e  subsequent experiment t o  e q u i l i b r a t e  

t h e  s t a i n l e s s  s t e e l  sur faces  with t h e  des i red  oxygen 

concentrat ion i n  t h e  sodium. The ho t  zone of  the  

loops w i l l  operate  i n  the  300'-600°C range, and t h e  

flow r a t e s  during thermal convection operat ion a re  

es t imated  t o  be i n  t h e  3-4 cm/sec ranee. 

VI . SAMPLING AND ANA1.YTTCP.L TECHNIQUIjG 
(V. J .  Rutkauskas, .G.  E .  Meadows, K .  S. 
Berps t ressa r )  

A. General 

Dynamic i n - l i n e  sodium sampling techniques f o r  

t h e  vacuum d i s t i l l a t i o n  a n a l y t i c a l  method a r e  p res -  

e n t l y  being evaluated.  The ob jec t ive  of  t h i s  phase 

of rhe program i s  t o  develop a prototype s a m p l i n ~  

system f o r  engineering systems and r e a c t o r  p l a n t  ap- 

p l i c a t i o n .  To complement t h i s  s tudy.  a l t .arnate  

techniques w i l l  be developed and evaluated.  A l -  

though t h e  vacuum d i s t i l l a t i o n  method has many ad- 

vantages over  t h e  more widely accepted t ~ c h n i q u o  f o r  

impuri ty  analyses i n  sodium and has demonstrated 

r e l i a b l e  oxygen analyses on sodium t y p i c a l  o f  r e -  

a c t o r  coo lan ts ,  t h e r e  a r e  a number of  problem areas  

which m u s t  be inves t iga ted  t o  assess  t h e  over -a l l  

c a p a b i l i t i e s  of  t h e  method. Of prime importance a r e  

t h e  n a t u r e  o f  t h e  res idues  following a d i s t i l l a t i o n  

and t h e  e f f e c t s  o f  d i s t i l l a t i o n  temperatures on the  

na ture  o f  t h e  res idues .  

8 

The (y,n) a c t i v a t i o n  technique f o r  the  de te r -  

mination o f  carbon and oxygen i n  sodium has t h e  ca- 

p a b i l i t y  f o r  measuring oxygen s p e c i f i c a l l y  r a t h e r  

than r e l a t i n g  t h e  oxygen content t o  t o t a l  a l k a l i n -  

i t y  o r  sodium content .  This method i s  t h e o r e t i -  

c a l l y  capable of  determining t h e  concentrat ions o f  

' these  elements d i r e c t l y  with a s e n s i t i v i t y  of  c 1 

ppm. I t  should provide a s tandard f o r  eva lua t ing  

o t h e r  methods f o r  oxygen ana lys i s .  

The development o f  prototype i n - l i n e  a n a l y t i -  

c a l  instrumentat ion f o r  the  continuous monitoring 

of  oxygen and/or m e t a l l i c  impur i t i es  o f  i n t e r e s t  i n  

sodi&.systems i s  a b a s i c  requirement f o r  the  i n  

situ charac te r iza t ion  o f  largo s c a l e  srsdjur!~ sysrems, 

In - l ine  impurity monitoring devices txasure a prop- 

e r t y  of  sodium t h a t  i.s s e n s i t i v e  t o  impurity con- 

cen t ra t ions  p resen t  i n  t h e  flowine stream. The 

United Nuclear Corporation e l e c t r o l y t i c  c e l l  and . . 
t h e  LASL dc e lec t r iCa1  r e s i s t i v i t y  meter which i s  

s t i l l  i n  i t s  formative design s tage ,  have both ex.. 

h i b i t e d  p o t e n t i a l  f o r  i n - l i n e  measurement of oxygen 

concentrat ion i n  sodium systems. These ana ly t ica l  

techniques must be r igorously evaluated over a 

range of  impurity concentrat ions,  flow, and temper- 

a t u r e  condit ions i n  o rder  t o  f u l l y  evaluate  t h e i r  

c a p a b i l i t i e s  and 1imitat.inns. 

R . rl.!rrent n o o u l t ~  

0perati.ng d i f f i c u l t i e s  with th9 do oloctrsiiiay= 

ileLic punps 1R the  n.qerimonta1 f a c i l l  Ly c a l l e d  

Analyt ical  Loop Nui 1 r e l u l l e d  i n  severa l  shutdowns 

f o r  maintenance during t h i s  repor t ing  period.  ,The 

r e s u l t i n g  i n s t a b i l i t i e s  i n  t h e  system caused con- 

s i d e r a b l e  delay i n  the evaluat ion of vacuuu d i s r i i -  

l a t i o n  samplers. A t  t h e  p resen t  time t h e  f a c i l i t y  

has been e q u i l i b r a t e d  a t  an oxygen concentrat ion o f  

20 ppm, c o r i c s p u ~ ~ d i n g  ro a cold t r a p  temperature o f  

22S°C. Sodium samples removed from the system with 

t h e  ful l - f low vacuum d i s t i l l a t i o n  w l i t  have yielded 

oxygen vnlwv which a r e  i n  cumplere ?greement with 

t h e  r e s u l t s  obtained with t h o  i n t e g r a l  vacuum d i s -  

t i l l a t i o n  sampling system. The .gases which a r e  

being evolved during the  f i n a l  s tages  o f  d i s t i l l a -  

t i o n  have been analyze? by m a s s  spcctromeLric tech-  

niques.  Although t h e  gases have not  been p o s i t i v e l y  

i d e n t i f i e d  they a r e  known t o  be below a mass number 

of 40, and t h e  volume of evolved gas i s  extremely 

minute. A, gas chrotl~atograph i s  being used i n  an 



e f f o r t  t o  i d e n t i f y  t h e  gases and determine t h e i r  

vo 1 umes . 
The design o f  a  remotely operated fu l l - f low ' 

vacuum d i s t i l l a t i o n  sampling system f o r  rad ioac t ive  

sodium serv ice  has been i n i t i a t e d ' .  Following fab - 
r i c a t i o n  and operat ional  checkout of t h i s  sampl'ing 

system, it w i l l ' b e  i n s t a l l e d  i n  t h e  radj.oact.ivs so- 

dium chemistry loop of  t h e  EBR-I1 primary sodium 

system. In add i t ion ,  a  manually opkrated version 

o f  t h i s  sampling system i s  being developed f o r  i n -  

s t a l l a t i o n  i n  t h e  nonradioactive secondary sodium 

system of  the  EBR-11. 

Fabricat ion o f  t h e  Sodium Analytical Methods . 

F a c i l i t y  i s  about 75% complete, with f i n a l  assembly 

scheduled t o  s t a r t  during the  coming quar te r .  The 

i n e r t  -atmosphere enclosure sys tem is  ready f o r  

coupling t o  the  d i s t i l l a t i o n  equipment. A s e n s i t i v e  

chromatograph was i n s t a l l e d  and t e s t e d .  This 

f a c i l i t y  w i l l  bc used f o r  measuring the e -  

volved from sodium during t h e  d i s t i l l a t i o n  and from 

t h e  d i s t i l l a t i o n  residues during subsequent ana- 

lyses .  I n i t i a l  experiments will determine the  ca- . 

p a b i l i t y  o f  the  system f o r  low-level carbon ana- 

lyses  o f  sodium samples. This f a c i l i t y  w i l l  be used 

i n i t i a l l y  t o  develop ana ly t ica l  methods f o r  low- . 

l e v e l  (1-10 ppm) carbon ana lys i s .  After  t h e  com- 

p l e t i o n  of t h i s  program, i t  w i l l  be used t o  s tudy 

t h e  j.nt.eract.inn of dissolved impuri t ies  i n  sodium 

and t o  i d e n t i f y  the  residues which remain a f t e r  t h e  , 

d i s t i l l a t i o n  o f  sodium. 

The engineering design drawings have been com- 

p l e t e d  f o r  the  sodium sampling and t r a n s f e r  device 

which.wil1 be used i n  the  evaluat ion o f  t h e  (y,n) . 

ac t iva t ion  m a l y t i c a l  technique fo r  the  determina- 

t i o n  of  oxygen and carbon i n  sodium. The mechanism 

w i l l  b e . s e n t  out. f o r  fabr ica t ion  as soon as  a  vendor 

is  se lec ted .  

Atomic-absorption spectrophotometric a n a l y t i -  ' 

ca l  procedures a re  being developed f o r  t h e  de te r -  

mi  nat ion o f  trace-].eve1 meta l l i c  impur i t i es  (o ther  

than sodium) remaining i n  t h e  residue and conden- 

s a t e  following a  d i s t i l l a t i o n .  In addi t ion,  pro- 

cedures t o  determine t r a c e  m e t a l l i c  impur i t i es  i n  

bulk sodium samples by t h e  same method a r e  being 

inves t iga ted .  An attempt i s  being made t o  run . 

these  analyses i n  so lu t ions  containing high concen; 

t r a t i o n s  of  sodium ion (approximately 10%) without,. 

going through a s c r i e s  of chemical separat ions t o  

remove sodium. Thus f a r ,  the  r e s u l t s  obtained have 

been very encouraging, and t h e  method i s  now being 

used on a  semi-routine b a s i s  f o r  K ,  Ca, and Mg de- 

terminat ions.  

VII . SOLUTION' GETTERING 
(V. J .  Rutkauskas, R .  R .  Derusseau) 

A. General 

For fu ture  l a rge  sodium-cooled r e a c t o r  systems, 

it may be des i rab le  t o  use so lub le  g e t t e r s  f o r  con- 

t r o l  of  oxygen and o t h e r  dissolved impur i t i es  i n  

l i e u  of t h e  more conventional ho t  and cold t rapp ing  

techniques. The soluble. metal, g e t t e r s  o f  i n t e r e s t  

occur i n  t h e  sodium coolant e i t h e r  n a t u r a l l y  ( c a l -  

cium and barium), o r  a r e  produced during r e a c t o r  

operation (as with magnesium) . The techniques f o r  

the  con t ro l led  addi t ions  of  these '  g e t t e r s ,  main- 

tenance o f  fixed, g e t t e r  l e v e l s ,  and t h e  s e l e c t i v e  

removal o f  depleted g e t t e r  metals and o ther  impu- 

r i t i e s  from dynamic sodium systems must be devel- 

oped. The s i g n i f i c a n t  chemical reac t ions  occurr ing 

i n  a  sodium system containing these  soluble, g e t t e r s  

must be understood and cont ro l led .  The mode of  

q u a l i t y  control  using a  so1,uble g e t t e r  has t h e  po- 

t e n t i a l  f o r  e f f e c t i v e l y  con t ro l l ing  not  only oxygen, 

but  a l s o  carbon, hydrogen, n i t rogen ,  and possibly 

meta l l i c  impur i t i cs .  

B .  Current Results ' 

The fabr ica t ion  o f  components f o r  Analyt ical  

Loop No. 2 which will be used f o r  so lu t ion  g e t t e r -  

ing  s t u d i e s  i s  approximately 95% completed. The 

instrumentat ion and cont ro l  cabinets  have been com- 

p le ted .  The main loop which contains  the  l a r g e  

volume sodium r e s e r v o i r  and the j e t  pump mixing 

chamber has been completed and assembly has been 

i n i t i a t e d  on t h e  add i t iona l  sodium c i r c u i t s  (Fig.  

2 ) .  This loop w i l l  a l s o  be used f o r  t h e  develop- 

ment and evaluat ion o f  prototype a n a l y t i c a l  i n s t r u -  

mentation f o r  t h e  continuous monitoring of oxygen 

and/or o t h e r  gaseous and m e t a l l i c  impuri t ies  o f  

i n t e r e s t  i n  sodium systems. The vacuum-dist i l la-  

t i o n  a n a l y t i c a l  technique w i l l  be employed a s  t h e  

primary s tandard i n  t h e  c a l i b r a t i o n  o f  i n - l i n e  

monitoring devices. In add i t ion ,  experiments w i l l  

be conducted t o  determine t h e  lowest p r a c t i c a l  

l eve l  o f  oxygen concentration which can be main- 

t a ined  i n  a  moderately l a rge  sodium system through 

ho t -  o r  cold-trap modcs of q u a l i t y  control .  



MAIN ELECTRO-CHEMICAL 

PURIFICATION 

DISTILLATION 

L k R E s I s T I v I T Y  METER 

Fig. 2 .  Ana ly t ica l  Loop No. 2.  

VIII .  KINETICS OF SODIUM COLD TRAPS 
(C. C. McPl~eeters, J .  C. Biery) 

A .  Ccncral 

The operat ion o f  l a rge  sodium systems requires .  

a  s a t i s f a c t o r y  method of  impurity concentrat ion con- 

t r o l .  In  t h e  absence of  r e f r a c t o r y  metal s t r u c t u r -  

a l  components i n  high temperature regions,  t h e  use 

of cold t r a p s  f o r  t h i s  impuri ty  control  may be s a t -  

i s f a c t o r y .  The purpose of  t h i s  study i s  t o  de te r -  

mine t h e  mass t r a n s f e r  c o e f f i c i e n t s  f o r  the  removal 

of  impur i t i es  (pr imari ly  oxygen) from sodium by 

cold t rapp ing .  Knowledge o f  these  c o e f f i c i e n t s  . 

w i l l  allow accura te  cold t r a p  design f o r  cleanup of 

impur i t i es  and pred ic t ion  o f  the  d i spos i t ion  o f  i m -  

p 1 1 r i t . i ~ ~  within t h e  r n i d  t r a p .  

Attempts a r e  being made t o  determine mass 

t r a n s f e r  c o e f f i c i e n t s  by observing cleanup r a t e s  i n  

a  sodium system by cold t r a p s  of simple geometries. 

These cold t r a p s  a r e  operated a t  var ious tempera- 

t u r e s  and flow r a t e s  t o  determine t h e  e f f e c t  nf 

these  v a r i a b l e s  on t h e  mass t r a n s f e r  c o e f f i c i e n t s .  

Tile cesr  sysrem is  isothermal ,  forced-convection 

loop containing vacuum-dist i l la t ion apparatus ,  a  

plugging i n d i c a t o r ,  and two United Nuclear Corpora- 

rion o q g e n  meters f o r  determination o f  oxygen con- 

c e n t r a t i o n  i n  the  sodium. 

The f i r s t  cold t r a p  deslgn c o n s i s t s  of  t h r e e  

concent r ic  tubes (Fig.  3 ) .  The o u t e r  annulus ca r -  

r i e s  NaK which removes heat  from the  cold t r a p .  

Sodium flows down the  inner  annulus where i t  i s  

cooled and up t h e  c e n t r a l  tube where i t  i s  reheated.  

A no tab le  f e a t u r e  o f  t h i s  design i s  the  absence of 

any form of packing. The packing was omitted i n  

No O/UT THERMOCOUPLE 
LL 

Na K 
OUT 

2"o.O. x 0.031 WALL 
S S  TUBE 

4"o.O.x 0.125 
SS TUBE 

Fig. 3 .  Experimental Cold Trap No. 1.  

o rder  t o  provide (I ~ ~ i m p l c  sur face  a rea  on which t h e  

oxide could p r e c i p i t a t e .  Packed cold t r a p s  . w i l l ,  

o f  course, be t e s t e d  during t h i s  s tudy.  

Cold t r a p  t e s t  runs cons i s t  of a  four-day equi -  

l i b r a t i o n  period a t  the  i n i t i a l  temperature f o l -  

lowed by a rap id  change t n  the  new t e m p e r a t l ~ r ~  2nd 

flow r a t e .  Oxygen concentratio11 d a t a  a re  taken a t  

smail time i n t e r v a l s  with a l l  the  ava i lab le  ana- 

l y t i c a l  techniques u n t i l  t h e  system concentrat ion 

reaches t h e  new equil ibr ium l e v e l .  The r e s u l t i n g  

oxygen concentrat ion da ta  as a  funct ion of  timc a r c  

1l1e11 used ro  desermine the mass t r a n s f c r  c o c f f i -  

c i e n t s  . 
B .  Current Results 

. A t o t a l  of eleve11 culd t r a p  t e s t  runs have been 

complctcd with t h e  T i ~ s t  culd Lrap J e s i g ~ ~ .  As shown 

i1.1 Table I ,  these  runs have covered a  range of so-  

dium flow r a t e s  and cold t r a p  temperatures. 

The concerltratiur~ d a t a  from each run were 

changed t o  dimensionless f r a c t i o n a l  concentrat ions 

by ca lcu la t ing  t h e  quant i ty  (C - Ce)/(Co - Ce), where 

C and C a re  i n i t i a l  and f i n a l  oxygen concentra- 
0 

t i o n s  i n  the  sodium and C is  the  concentrat ion a t  

any time. This quant i ty  was p l o t t e d  vs time f o r  ' 



Table I  

Description o f  Test Runs with Cold Trap No. 1 

I n i t i a l  Final  
Minimum Flow Oxygen Oxygen Mass Transfer  

Run Cold Trap Rate Concentration Concentration Coeff icient  
Number Temp (OC) (gpm) ( P P ~ )  ( P P ~ )  (g/cm2-h-ppm) 

1 . 1  I n s u f f i c i e n t  d a t a  f o r  proper ana lys i s  

1.2 2 13 1.05 4.4 14.0 8.4* 

1 . 3  I n s u f f i c i e n t  d a t a  f o r  proper ana lys i s  

1 .4 180 1 . O  4  1 5 . 7  27.6 

1.5 I n s u f f i c i e n t  d a t a  f o r  proper ana lys i s  

1 . 6 .  186 0.95 42 6.9 28.4 

1.7 180 0.25 5 8 5.7 4.5 

1.8 142 0 .5 4 2 2.2 14.3 

1 .9  160 . ' 0.5 48 3.3 16.6 

1.10 171 0 . 1  4 :1 4.4 1.26 

1.11 196 0 . 1  46 9 .1  1 .23  

*Mass t r a n s f e r  coef f ic ien t  f o r  d i sso lu t ion  of oxide' from t h e  cold t r a p .  Other values 
a re  f o r  p r e c i p i t a t i o n  n f  oxide i n  t h e  cold t r a p .  

each run. The r e s u l t s  o f  these  d a t a , p l o t s  f o r  runs 

1.1, 1 . 4 ,  1 . 6 ,  and 1 . 7  a r e  shown i n  Figs. .4, 5,. 6 ,  . 
and 7. The round da ta  points  represent  plugging 

i n d i c a t o r  da ta ,  and t h e  t r i a n g u l a r  points  i n  run 

1 .4  represent  oxygen meter da ta .  

C-C, - 
CO-c. 

I. I I - 
RUN 1.4 

PLUGGING INDICATOR 
A OXYGEN METER 

- 

0.06 - 

0.01 I I 
0 5 10 I 3  CB 16  30 35 

ELAPSED TIME (HOURS) 

Fig. 5 .  Oxygen meter and correctcd plugging i n -  
d i c a t o r  d a t a  from run 1 . 4 .  'I'he curve represents  t h e  
t h e o r e t i c a l  equation with K = 51.6 g/cm2-h-ppm. 

ELAPSED T I M E  (HOUR3 ) 

Fig. 4. Results o f  run 1.1. The d a t a  po in t s  a r e  
correclerl plugging i n d i c a t o r  d a t a .  The curve rep- 
resen ts  the  rheore t ica l  equation with a  mass t r a n s  
f e r  c o e f f i c i e n t ,  K = 19.9 g/cm2-h-ppm. 

Plugging temperatures during these runs were 

found t o  be 15' t o  35°C lower than t h e  s a t u r a t i o n  

temperatures, based on d i s t i l l a t i o n  da ta  and the  

plugging temperature against  d i s t i l l a t i o n  d a t a  a l -  

lowed the  plugging i n d i c a t o r  to. be used as an ana- 

l y t i c a l  device t o  concentrations as luw as 5 ppm 

oxygen. The accuracy of  t h e  LASL s o l u b i l i t y  curve 

was not questioned because t h e  equilibrium system 

concentration i n  a l l  cases agreed q u i t e  well with 

t h a t  expected from the  minimum cold t r a p  tempera- 

t u r e .  

LASL nxygcn s o l u b i l i t y  cirrve. However the plugging 

temperatures were reproducible ,  and c a l i b r a t i o n  of  
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RUN 1.6 

. Fig. 6 .  Corrected plugging i n d i c a t o r  d a t a  from run 
1.6.  The curve r e  resent.s t h e  t h e o r e t i c a l  equation 9 with K = 51.2 g/cm -h-ppm. 
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Pig. 7 .  Corrected plugging i n d i c a t o r  d a t a  from run 
1.7.  The curve represents  t h e  t h e o r e t i c a l  equation 
K = 15.8 g/c,~~2-h-ppm. 

The p r e c i p i t a t i o n  r a t e  constants  a re  d e t e r -  

11u11ed from Eq. 1 

where t = t ime, h .  A and A a r e  constants  which 

depend on t h e  cold t r a p  temperature d i s t r i b u t i o n .  

M = sodium system mass, g .  
2 .  K = p r e c i p i t a t i o n  r a t e  constant ,  g/cm -h-ppm. 

C = system concentrat ion a t  any time, ppm. 

C = i n i t i a l  system concentrat ion,  ppm. 

C = f i n a l  system concentrat ion,  ppm. 

W = sodium flow r a t e ,  g/h. 

~ x ~ e r i m e n t a l  d a t a  from these runs i n d i c a t e  t h a t  the  

r a t e  constants  a r e  funct ions o f  temperature and flow 

r a t e .  The temperature dependence follows a t y p i c a l  

.Arrhenius r e l a t i o n s h i p  with an ac t iva t ion  energy f o r  

p r e c i p i t a t i o n  and d i sso lu t ion  of  approximately 

12,000 cal/mole. The d i sso lu t ion  r a t e  constant was 

a f a c t o r  of  100 lower than t h e  p r e c i p i t a t i o n  r a t e  

constant when compared a t  the  same temperature. The 

r e l a t i o n s h i p  between sodium ve loc i ty  and t h e  pre -  

c i p i t a t i o n  r a t e  constant followed t h e  expected pro- 

p o r t i o n a l i t y  with t h e  r a t e  constant approximately 

proport ional  t o  ve loc i ty  t o  t h e  0.8 power. (The 

exception t o  t h i s  was t h e  da ta  from the 0 .5  gpm 

runs. In these  cases ,  the r a t e  constant was much 

higher  than expected.) 

Additional runs w i l i  be made with t h i s  cold 
. . 

t r a p  design t o  f u r t h e r  define the  r a t e  constants .  

Packed cold t r a p s  w i l l  then be r w l  tu determine t h e  

a p p l i c a b i l i t y  of  these  r a t e  constants  t o  t h i s  type 

o f  system. 

I X .  BASIC STUDIES 

\ 1. Correlat ion o f  Sodium and Helium Leak Rates 
(D .  C .  Kirkpatr ick,  J .  P .  Brainard) 

A .  General 

The c o r r e l a t i o n  of  sodium leak development with 

messurod hc l iun  l e d  ~ a t e s  provides information nn 

the  degree of  component i n t e g r i t y  which must be . 
a t t a i n e d  f o r  s a f e  long-term sodium p lan t  operat ion.  

There a r e  no firm c r i t e r i a  now i n  exis tence which 

e s t a b l i s h  acceptable l e v e l s  of  t igh tness  f o r  var ious 

situdLiulls.  

' lh is  s t u d y  uses fabr icu tcd  3 t&i l l l ess  s c e e l  leaks 

with a range of helium leak r a t e s .  Each of  these  

leaks w i l l  be incorporated i n t o  a small sodium sys-  

tem which w i l l  be he ld  a t  a predetermined tempera- 

t u r e  u n t i l  sodlum leakage occurs. 

R .  Current Results 

An i n i t i a l  experiment involving two small sodium 

systems with leaks fabr ica ted  by tube compression i s  

being prepared. One leak is  a l a rge  one: 2 x 

atm-cc He/sec. The o ther  leak is  l e s s  than 10- 10 

atm-cc He/sec. These leaks should give maximum and 

minimum e f f e c t s .  A s t a i n l e s s  s t e e l  reac t ion  chamber 

f i l l e d  with a i r  a t  STP w i l l  be placed around the  



leak t o  s imulate  r e a l  leak s i t u a t i o n s .  A mass spec- 

trometer a t  room temperature w i l l  sample t h e  reac- 

t i o n  chamber gas per iod ica l ly .  Although sodium o r  

sodium oxide w i l l  probably not be detected with t h e  

room temperature mass spectrometer, a sodium leak 

should be observed by t h e  decrease i n  oxygen i n ' t h e  

a i r .  Less than one milligram of  sodium w i l l  r eac t  

with a l l  t h e  oxygen i n  one s tandard cubic cent imeter  

of a i r .  The reac t ion  chamber, the re fore ,  w i l l  be 

l e s s  than 10 cc f o r  t h e  sake o f  sa fe ty .  The temper- 

a tu re  c o n t r o l l e r s  f o r  t h e  sodium systems have been 

completed. 

A vacuum oven has been s e t  up t o  bake out water 

and o i l  from leaks which a re  known t o  be present  i n  

b a r  stock samples. Also, t h c  c f f e c t  of temperature 

on mass spectrometer components can be s tud ied  i n  

t h i s  oven. The oven i s  made o f  s t a i n l e s s  s t e e l  and 

has an 8 . 5 - l i t e r  working volume. The maximum tem- 

pera ture  a t t a i n a b l e  i s  g r e a t e r  than 700°C with 

e x i s t i n g  power suppl ies .  

2 :  Diffusion o f  Gases i n  Metals 
(J. P. Brainard) 

A. General 

Very l i t t l e  q u a n t i t a t i v e  information i s  a v a i l -  

able  on t h c  d i f fus ion  o f  gases i n  r e a c t n r  system 

containment mate r ia l s ,  although t h i s  phenomenon i s  

LIIUWII L U  occur i n  high-tomporature 1iquid-mte.l.- 

cooled systems. By use of ul t ra-high vacuum tech- 

niques and a mass spectrometer res idua l  gas ana- . 
-11 lyzer ,  d i f fus ion  r a t e s  of  1 x 10 t o  1 x 10-l2 

to r r - l i t e r / sec-cm2 (about 1 x t o  1 x lo-'' 
g/sec) equivalent  n i t rogen  should be e a s i l y  obser- 

vable by  m e a s  of  a pressure cl1ailye iii a rixod vo l -  

ume. 

B. Current Results 

The s teady-s ta tc  condition f o r  a gas flow i n t o  

an evacuated work volume is  PS = Q, where P i s  the  

pressure i n  t h e  volume, S is  the  pumping speed, and 

Q i s  the  flow. A work volume with a small pwnping 

speed and a pressure, gauge capable of reading small 

pressures  arc  nccessary f o r  t h e  small flows expec- 

t e d  from the  d i f fus ion  of gases through metals.  

The problem with such a system i s  t h a t  t h e  

gauge s e n s i t i v i t y  f o r  low pre;sure measurements and 

t h e  small pumping speed a re  known t o  change s i g n i -  . 
I i i -an t ly  over thc  long periods o f  time which w i l l  

be needed f o r  the  d i f fus ion  s tud ies .  These changes' 

r e s u l t  mainly from the  reac t ion  o f  gases with t h e  

system. Thus, t h e  system must be con t inua l ly  c a l i -  

b ra ted  during the  d i f fus ion  experiments t.0 ob ta in  

accurate  r e s u l t s .  A method o f  p e r i o d i c a l l y  i n j e c -  

t i n g  a known flow and observing the  response o f  the  

flow measurement system i s  being considered. 

X .  COVER GAS ANALYSIS 
(C. R. Winkelman, J .  P.  ~ r a i n a r d )  

A. General 

Cover gas analyzers  f o r  high-temperature so-  

dium-cooled reac tors  must be capable of  de tec t ing  

impur i t i es  such as n i t rogen ,  oxygen, hydrogen, ca r -  

bon dioxide,  and methane i n  t h e  cover gas with a 

s e n s i t i v i t y  adequate t o  measure these impur i t i es  

from the  part-per-mil l ion range t o  the  percent  

range. The analyses should be accurate  t o  a t  l e a s t  

5% and reproducible t o  about 1%. High-temperature 

on-l ine operat ion would be necessary t o  prevent  ab- 

s o r p t i o n  of  sodium compounds and f i s s i o n  products  

on the  walls  of  t h e  apparatus. 

A prototype ana lys i s  system has been construc-  

t e d  with which t o  i n v e s t i g a t e  t h e  spec ia l  needs o f  

500'-600°C cover gas ana lys i s  apparatus. The pro-  

totype includes a wide-range bakeable quadrupule 

mass f i l t e r  res idua l  gas analyzer .  Design techni -  

ques used i n  t h e  prototype a r e  represen ta t ive  of 

those rrzqui r e d  f n r  a 500°-60Q°C system. 

B .  Current Results 

A capacitance manometer f o r  p rec i se  measurement 

o f  the  sample system pressure was i n s t a l l e d  i n  the  

mass spectrometer and a l l  low temperature compo- 

nents  were removed from i n s i d e  t h e  oven. 
' 

Exposure of t h e  mass spectrometer to sodium 

systems i s  a concern. The corrosive sodium can be 

el iminated by such methods as  condensation o r  s u r -  

face ionj.zation. The quest ion i s  whether t h i s  i s  

necessary i n  t h e  cover gas ana lys i s .  A gas analy- 

sis of a sodium d i s t i l l a t i o n  loop with a s e c t o r  

mass spectrometer a t  room temperature ind ica ted  no 

.sodium o r  sodium oxide. Apparently, t h e  sodium 

condenses on t h e  cool walls  of  t h e .  mass spectram- 

e t e r .  Further exposures of  m a s s  spectrometers t o  

sodium systems w i l l  be done. 

S e n s i t i v i t y  of  the  quadrupole mass spectrom- 

e t e r  has been found t o  be a s t rong  funct ion of  tem 

pera ture .  m e  e lec t ron  mult ipl . ier  i s  bel ieved t o  

be the  main source of  t h i s  v a r i a t i o n .  A study of  



t h i s  e f f e c t  i s  necessary i n  o rder  t o  avoid r e c a l i -  

b r a t i o n  when t h e  temperature i s  changed. 
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PROJECT 807 

CERAMIC PLUTONIUM FUEL MATERIALS 

Person in Charge: R. D. Baker 

Principal Investigator: J. A. Lear~r 

I. INTRODUCTION 

The principal goals of this project are to prepare 

pure, well characterized plutonium fuel materials, and 

to determine their high temperaturn properties. Pro- 

perties of interest are (1) thermal stability, (2) thermal 

expansion, (3) thermal conductivity, (4) phase relation- 

ahips by differential thermal analysis, (5) structure and 

phase relationships by x-ray diffraction, high tempera- 

ture x-ray diffraction, neutron diffraction and high-tern- 

perature neutron diffraction, (6) density, (7) hardness 

and its temperature dependence, (8) compatibilltyinclud- 

ing electron microprobe analysis, (9) compressive creep 

(deformation). 

In addition to phase equilibria and general proper- 

ties, specific thermodynamic properties such as free 

energy of formation by vapori~atian equilibria in the 

1000-2000~~ temperature range with mass spectrometer 

identification of vapor species, Ree energy of formation 

by electromotive force measurement in the 450-1200~~ 

temperature range, EUld heat capacity and heat of, traa- 

aitinn are b i n &  datslrmlnd. 

11. SYNTHESIS AND FABRICATmN 
(M. W. Shupe, R. L. Nance) 

1. Carbides 

Approximately 1 cm dia pellets of Uo. &.tCI-X, 

Uo* 8-. 2C1+~, UO* 8-0 2C, UO* 8-0 I ~ Z S  UO* 8%. %CIS 

anel Uo. 61k,,. 6Cn wore prepared for thermal analysis. 

Pellets of Uo. 8Pu,,.2C,.wX also were prepared for use 

as electrodes in electromotive force measurements. 

In addition, Uo. zCi. +X md PUCI.~+~ pelletswere 

synthesized for analytical chemistry development. 

2. Hydrw811 Reduction of (U, PU)PC~/(U, Pu)Cr 

to (U, Pu)C 

In the previous report the possibility of an H2 re- 

duction method to prepare large amounts of single phase 

(U, Pu)C powders was discussed. The effects of sev- 

eral process variables, such as reaction time, particle 

size and the planar area of the powder boat were exam- 

ined. Process variables held constant during these 

examinations were the initial C/M ratio, the graphite 

electrode, the H2 flow rate of 0.5 i/min. and the reac- 
0 

tion temperature of 850 C. The initial results, which 

were accomplished using a furnace with a ceramic core, 

a small boat and -325 mesh powder are shown in 

Table ,807-1. 

These tests indicated that a nearly complete reduc- 

tion of M2C8 to MC could be routinely attained under the 

described conditions. This was later confirmed. * 

A second series of evaluations has been accomplish- 

ed using a stainless steel tube in place of the ceramic 

tube, and a larger W boat having a planar wea of 49 

am2. The results of reduction at a rate of 0.4 hr/g are , 

shown in Table 807-11. 



Table 807-It 

Aydroge31 Reduotlon of (n, PU)~C~ in U PU C Powders 
x Y z  

mgactim ams: 0.4 hr/@ 

Lo$ No. Particle %as, pellet 
MUpl B&cd ~ i c r o s t r u c h u e ~ ~ '  

A L L L A  
6-441 0.783 0.208 1,009 0.794 0.208 0.971 * 44 MC, P 
--I 0.800 e.aao 6.888 0.800 o.aoo 0.974 s % MC, P 
HT-a 0.796 o.aoz 0 . 9 ~ 8  0.795 0.106 0 . w ~  s 74 MC. I 
e-a-I 0.798 0.801 0.9'18 0 . ~ ~ 6  0.w 0.984 r 74 MG 
6-S-8 6.798 0.201 1.060 8.788 0.202 0.988 S 74 MC 

Fig. 807-1 Hyperstaichiometric UC lot 6-29-1 
Before Hz Reduction 
(Nitric-Lactic-Acetic etch; 380X) 

Fig. 807-2 Single Phase UC lot 6-29-1 After Hz 
Reduction 
(Nitric-Lactic-Acetic etch; 380X) 

The pellets from lot 6-44-1 that contained the di- 

carbide-type platelets in the microstructures were 

retreated for 16 hr at 850'~ in flowing Hz. This treat- 

ment eliminated all of the &carbide, and most of the 

sesquicarbide. 

Depleted UC pellets are required to serve as ther- 

mal insulators at each end of each (U, Pu)C - loaded pin 

for the EBR-11 irradiations (see project 808). There- 

fore the Hz reduation treatment waa aloo tcoted on 

UCI, lot 6-29-1. The rAdnr?tion of UzC3 is shorn in 

Figures nnT-1 nl~rl RO7-8, 

3. Oxides 

Several Ellets of U,,, J?u,,, ,Op powdor cue boing pre- 

pared to be used as analytical chemistry intermediate 

refererice BtmaWdB as part of a cooperation program 

with the New Bnmswi~k Laboratoryl Six 36 g 1~tD ~f 

varying purity and varying Pu/U ratio from 5/95 to30/7Q, 

and one 200 g lot having the ratio Pu/(U I Pu) = 20.0 

percent by wt. are required. The conventional ADU- 

Pu(OH)~ coprecipitation procedure has been used, fol- 

lvwwrl fh~dly by Mgh temperame hlilng of the powder 
0 

in wet Hz (H20/Hz = lod) at 1550 C. Present status is 

that the six small lots are completed, while thc large 

lo1 has boon completed up to the puk1 d fir& at 1550'~. 

The uheu~lcul compasitial ot the 2OU g lo1 is shown in 

Table 807-III. The lattice dimensions of the high-fired 

small lots shown in Table 807-IV indicate uniform solid 

solutions are produced that follow Vegardls law. If the 

variation of lattice dimension with O/M ratio indicated 

in GEAP-4931 is correct, the lattice dimension of the 

(nominal) 20 percent PuOz composition indicates an O/M 

ratio of 2.014 for this sample. 

Relative rates of solution of U,. *&. flz before and 

after firing at 1550'~ have been determined. The low 

fired powder had been heated in H, at 925'~ to reduce 

UsO, to U02. As anticipated, the high fired powder dis- 

solved more readily than the low fired material, pre- 

sumably because of solid solution formation at the high 

temperature. After 2 h in hot 15 M HNQ, 99.4 % of 

the high fired material had dissolved, in comparison to 

88.9 percent of the low fired material. All residues 

were dissolved completely by fuming with a HF-HNOS- 

H@04 mixture. 



Table 807-III 

Spectrochemical Analysis of (U, Pu)Ol 

(200 g lot) 

Element 

Li 
Be 
B 
Na 
Mg 
A1 
si 
P 
Ca 
Ti 
v 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Sr 
Y 
Zr 
Nb 
Mo 
Cd 
Sn 
Ba 
Ta 
W 
W 
Bi 

Table 807-1' 

~a t t i c e  Dimensions sf (U, Pu)@ Powders 
Heated to 1550 C in Wet H2 

Lattice Parameter, 
- A 
5.4691 
5.4663 
5.4619 
5.4579 
5.4541 
5.4513 
5.4468 

1. Differantid Thermal Analysis 
(J. G. Reavis, C. W. Baker) 

Determination of solidus and liquidus temperatures 

d m  have been made in determining of the heat of fusion 

of U02-PUG solid solutions by DTA. 

Melting of (U, Pu)C: In previous reports solidus and 

liquidus temperatures for Uo. &. 2C 88 determined by 

DTA were given aa 2325 k 50' and 2475 50°, respec- 

tively. Additional observations have been made to 

refine the precision@ d these values. 

TWO Iota of carbide pellets have been thermally cy- 

cled, and DTA obeervatians have been compared With 

the microetructuree of theae heat treated pellets. Each 

pellet was heated at 30 to 100~~/min . ,  held at equili- 

bration temperature for 1 min., then quenched to 

IOOOOC at l 000~~ /min .  Thereafter the pellets were 

cooled to room temperature within a few minutes, then 

examined. All pellets used in them experiments had 

previously been sintered at 1 6 0 0 ~ ~ .  

Effects of this treatment on carbide microstructure 

are shown for two carbide compoeitias in Figure 807- 

3. The Uo. @puO. iBCo. sample initially contained < 1 

percent by volume of a second metallic phase. The me- 

tallic impurity phase contained Pu, U, w, %, and Fe. 

Photomicrographs of samples quenched from 2200' and 

2225' do not show the presence of this phase, while a 

sample cooled slowly from 2200~ (not shown) h~ re- 

verted to the 1600' appearance. The 2250' photomicro- 

graph shows the first evidence of what is believed to 

indicate melting. Both electron mlcroprobe analysis 

and metallographic etching tests indicate that the un- 

stained grain boundary regions and the regions around 

pores are c h i d e  but also are enriched in Pu, thus in- 

dicating melting followed by coring during resolidlfica- 

tion. The 24-85' sample had (by macro obmrvatian) 

almost completely melted. Other maoro and DTA ob- 

servatians ahow that the 1lquidu.a temperabum is 

2475 * 25'~. Thus, the solid plus liquid region of 

u0. i b ~ O .  91i appears to be from 2250 to 2475'~. 

The compoeition d the pellets used in the m c d  

series shown in Figure 807-3 was found by chemical 

analysis to be Uo. eipuO. i&o. 00. The 1600° photomicro- 

graph 8hows that "MCa p b l e t ~ "  and small areas of 

of U-Pu-C compoeitione by DTA sad m-c 



* 
~0.81~~0.19 ;0.99 

SCALE 1600° 

MELTING BEHAVIOR OF U, Pu MONOCARBIDES 
(SPECIMENS HEU) FOR I MIN. AT TEMP. UNDER Ar) 

Fig. 807-3 



MzC3 were present in the sintered material. Observa- 

tions similar to those outlined in the preceding para- 

graph lead to the conclusion that the solid to liquid 
0 

range of Uo. isCo. 9s is from 2300 to 2485 C. 

The results of this series of observations tend to 

, 
support the previously reported liquidus temperatures 

determined by DTA, but also indicate that solidus tem- 

peratures determined by DTA alone may be somewhat 

high. 

Heat of Fusion of UO?-PuO$ DTA techniques are  being 

developed for determinating the heat of fusion of LMFBR 

fuel materials. As part of a cooperative program with. 

GE-Sunnyvale, samples of ZrOZ and of UOZ-20% PuOz 

in sealed W capsules have been cycled through their 

respective melting points and a preliminary estimate 

of the heat of fusion of UOZ-20% PuOz has been made. 

This preliminary value i s  23 f 5 kcal/mole, based on 

a value of 20.8 kcal/mole for the heat of fusionof ZrOz 

which is being used a s  a reference material. Addition- 

al samples have been sealed in W capsules to allow 

determination of the reproducibility of the method and 

to reduce the uncertainty in the actual value of the heat 

of fusion. 
0 

The observed melting point of ZrOz was 2700 f 20 

.(literature value 2710 f 1 0 ~ ) ' ~ )  and the temperatures of 
0 0 

U02-20% PuOz were observed to be 2775 and 2815 , ! 

0 0 
respectively, a s  compared to 2760 and 2790 reported 

by Lyon and Baily. (3) 

2. X-ray Powder Diffraction 
'(c. W. Bjorklund, R. M. ~ o u ~ l a s s ,  R. L. Nance) 

' 

Work i s  continuing on x-ray powder diffraction 

studies of various uranium-plutonium fuel materials, 

most of which has been reported in other sections. Ad- 

ditional data have also been obtained in the study of self- 

irradiation damage in plutonium ceramics a s  a.function 

of time, temperature and dose. The lattice expansion 

cvurjed by self-irradiation damage in Pu2CS of normal 

isotopic composition continues at an almost linear rate 

after more than 800 d. Similar results were reported 

previously for samples of PUN and PuOz of normal iso- 

topic composition observed for periods of 1350 and . 

1500 d, respectively. On the other hand, the lattioo 

expansions of plutonium compounds enriched with 238Pu 

have all' apparently attained saturation values in less 

than 600 d which is equivalent to about 6,000 d for nor- 

mal isotopic compositions. The latter group of com- 

pounds includes PuCo. 8, and duplicate samples of PuC 

and RizC3 in a two-phase equilibrium system, all con- 

taining 4.05 a/o 238Pu, and duplicate samples of PuOz 

(containing 3.75 a/o 2 3 8 ~ )  stored at -198O, 25O, loo0, 
0 0 

200 and 400 C. As was noted in the previousquarter- 

ly report the la&ce dimension of the PuC phase in 

equilibrium with Pu2C3 has been following an apparent 

cyclical oscillation about an average maximum value 

which still continues. This oscillation appears to be 

real despite the greater uncertainties in measurement 

caused by line broadening and increased background in 

the back reflection region. The PuC-Pu2C3 two-phase 

system was the only one for which significant line- 

broadening was observed as  radiation damage increased. 

Reflections attributable to a PuzC3 phase have recently 

been detected on films obtained for the originally single 

phase PuCo. sample. Increased background intensity 

has also been observed on these films, but no significant 

line-broadening ,has been detected. No deterioration 

in line quality or background intensity has been observed 

on films of the other compounds. 

When the' relative lattice expansion of all of the 

compounds under study were plotted as a function of 

the accumulated dose instead of time, only the datafor 

normal and enriched samples of PuOz fell on the same 

curve. The accumulated dose i s  the product of the 

elapsed time and an average disintegration constant 

calculated from the disintegration constants and rela- 
I 

tive amounts of the Pu isotopes in each compound. 

A non-linear least squares computer program has 

keep used to calculate the parameters in the equation 

relating lattice expansion to time, namely: 

where a i s  the measured lattice dimension at time t, 
t 

and Pi, Pz and a are  the parameters to be calculated. 
0 

a is the calculated value of the lattice dimension at 
0 

\ 



time 0. This program has been modified tofit the equa- were then sintered in Ar to produce a thin uniform 

tion layer of NbC which was sufficiently adherent to be 

where a t and a have the same significance a s  in 
t '  0 

Eq. (1). Equation (2) was derived from Eq. (1) to fit 

the data obtained for the samples of enriched Pu02 
0 

stored at -198 , 25O, loo0, 200°, and 400'~. It was 

obtained by substituting the expressions + A2 and (f ) 
(2 + Ad) f o r  P, and P2, respectively, in Eq, (1). T, 

in these expressions, is the  temperature in degrees 

Kelvin at  which each sample was stored. Least squares 

values of A, through A4 and a. were calculated by the 

computer program. P1 and P2 were found to be strict- 

1 U 
ly linear functions of - only over the range 373-673 K. 

T 

However, the deviation from linearity of the values ob- 
0 

tained at  25 C was small. enough that the data obtained 

at  2 5 ' ~  were included as a f irst  appro&mation in the 

least squares calculation. Data for s'amples stored at 

-198'~ could not be reconciled with the linear expres- 

sions and were omitted. The following values were 

obtained for the parameters in Eq. (2): 

.rhese values substituted in Eq. (2) were found to repro- 

duce the experimental data reasonably well. Modifi- 

cations of the equation to provide an even better fit to 
0 

the data obtained at  25 are now under study. 

3. Hlgh Temperature X-ray Diffraction 
(J. E. Green) 

, 
stable during thermal cycling. Several expansion 

coefficient determinations have been attempted using 

NbC samples. Early trials failed because of sample 

oxidation. However, more recent experiments were 

successful in that the expansion curves determined in 

the range 2 5 - 1 8 0 0 ~ ~  agreed quite well with published 

data. There are indications that some oxidation is 

still occurring at high temperatures. Work is, there- 

fore, being done to try to eliminate the remaining 

sources of oxidants. 

4. Noutrnn niffractiun 
(J. L. Grecn) 

The room Lel~~perature structure of Pu2C3 was 

t irst  described by ~aahariascn(') in 1944. I1 i s  body 

centered cubic and in space group I 4 3 d and h i s  '8 

formula weights per unit cell. Thc Fu ions are  localed 

in the 16 fold (c) positions and the C atoms in the 24 

fold (d) positions, both of which require one positional 

parameter for description. Based on x-ray intensity 

data Zacharisen was able to define the metal para- 

meter as 0.050 * 0.003. Because of the small x-ray 

scattering amplitude of carbon relative to plutonium, 

he was not able to determine the anion position para- 
( 5 )  meter. As in the case of PuC, Costa and Lallement 

have ~luggested that. 3 pawihle a n t i f ~ ~ r u a ~ ~ n c t i c  trwl- 
0 sition occurs in Pu2C3 at approximately 120 K. 

h order to investigatc these problems, two targets 

of carbon-saturated m2C3 were prepared and scanned. 

Thn cnrly targot wao prcptlrtd iijing ?"PU and was 

studied only at room temperature. The second was 

prepared using 240Pu and was studied both at room 

temperature and at cryogtiiic: le~l~yeratures. 

A compa.~isul~ ul room compcrnture zu~d luw Eem- 

perature data indicates that if a magnetic transition 

does occur, it was not experimentally observable. Work has conlinued on the high temperature fur- 

nace for the x-ray diffractometer. A technique has Considerable crystallographic information on the 

been developed for the preparation of samples for the structure can be derived from the room temperature 

furnace using NbC as  a test material. Thin uniform data from both targets. Figure 807-4 i s  a schematic 

layers of powder were loaded onto the graphite heater representation of the room temperature diffraction 

strip using naphthalene a s  a binder. These composites pattern for the 240Pu target. intensity 



of B i s  rather sensitive to the accuracy of the absorp- 

tion corrections and also there appears to be a rather 

Fig. 807-4 Room Temperature Neutron Diffraction 
Pattern for Z d 0 ~ z ~ 3  

information was extracted from the counting,datausing 

a least squares Gaussian fitting computer program. 

For the 240Pu target, i t  was possible to obtain datafor 

46 diffraction peaks. The resolution of the 239Pu tar- 

get was not nearly a s  good due to the large fast  fission 

neutron background; however, it was possible to ob- 

tain intensity information on 12 low angle reflections. 

These data were then used in a computer program 

which calculates the various crystal parameters by 

least squares fitting the observed intensities. The 

results of these calculations a r e  shown in Table 807-V. 

The recent data on UzC3 by DeNovion et  al. (O) i s  shown 

Ior compai-ison. 

Agreement between the two independent Pu2C3 

determinations i s  quite good. As expected, the atomic 

position parameters for m2C3 and UzC3 a r e  very simi- 

lar. The only major difference is in the value of the 

thormol parameter, R .  ~ h e t h e r  or @is difference 

is real  i s  somewhat difficult to determine. The value 

Table 807-V 

Pu2C3 CRYSTALLOGRAPHIC PARAMETERS 

strong correlation between the value of B and the cal- 

- . -- 
XpU 

X c  
bpu 

B(thermol) 
R(intensity) 

Qo 
C - C  bond 

culated value for the instrumental constant. A quantity 

of interest that may be computed from these data i s  the 

C-C bond length. The carbon atoms in the Pu2C3 type 

structure occur a s  dicarbide groups. This bond length 

i s  1.39 l i n  m2c3 and 1.42 Ain uzc3. ~t i s  pertinent to 

239Pu2C3 
0 . 0 5 0 0 2 -  
0.289 t0.004 
0.77 20.10 

-0.7 A2 
0.06 
8.132 % 
1.40 A 

point out that these a r e  significantly longer than the 
" 

value of 1.295A reported for UzC3 by Austin. (7) 

5. Thermodynamic Properties of Plutonium Compounds 
by Electromotive Force Techniques 
(G. M. Campbell) 

2 4 0 ~ u 2 C 3  
0.0492 t0.0005 
0.2896 t0.0005 
0.409 f0.007 

0.69 r0.06 
0.06 

8.135 
1.39 A 

Nitrides: A galvanostatic technique for determining the 

Pu, Pu43 equilibrium potential using a W microelectrode 

UeC3 
U.i)485 ~0 .0001  
0.2872 t0.0005 
- 

S b . 3 0  t0.01 A" 
0.02 

8.089 A 
1.42 A 

has been developed. The procedure involves electrode- 

position of Pu metal from the fused salt electrolyte, 

onto the microelectrode by a constant current, followed 

by anodic stripping of the Pu metal at  constant current. 

By recording the potential during the procedure and 

having a theoretical knowledge of Pu% diffusion effect . 

on concentration at the electrode surface, the equilib- 

rium potential can be determined. Experiments which 

made use of a Ptl, PuW liquid metal electrode a s  a ref- 

erence standard, indicate the technique i s  probably 

accurate to 1 mv in mells of lligli purity. Tho purity 

of the melts i s  indicated by the residual current ob- 

served in the chronopotentiometric trace. 

This galvanostatic technique has been used to deter- 

mine the emf of a PUN electrode in LiC1-KC1, PuC13 
0 melt, in the temperature range of 915 to 1031 K. The 

data a r e  presented in Table 807-VI and Figure 807-5. 

After correcting the N2 pressure to 1 atm and perform- 

ing a least squares analysis of the data, the emf i s  

given by 

E = 1.043 - 0.000316 T (* 0.005) volts, 

for the cell 

m(l) ( P u N ( s ) ) / P ~ ~ ,  LiC1-KCl/PuN(s), Nz(g) . 
This results in a standard free energy of formation of 

-AGO = 72.1 - 0.0219 T (* 0.4) kcal/mole 
T 



f o r  the reaction 

Pu(PuN) + 0.5 Nz4  PuN . 
purposes written a s  

Pu(.E) + 0.5 Nz(g) 'PuN(s) . 
Carbides: Thermodynamic properties of PuC and PuzC3 

have been reported previously. One preliminary experi- 

ment was conducted on the (Uo. aP%. Z)zC3 solid solution. 

. A sintered pellet was used as an electrode and a PuRuz 

+ Ru electrode was used a s  the reference. This system 

did not seem reliable due to  the rather  large positive 

I polarity of the solid solution and the possibility of U 

transfer to the PuRuz + Ru electrode. No U was detected 

I in the molten sal t  electrolyte after a 70 h equilibration, 

1 I I I however. (The spectrophotometric analysis method- 
930 950 970 990 1010 1030 1050 

TEMPERATURE ( O K )  used to determine U was sensitive to  < 10 ppm.) The- 

Fig. 807-5 EMF ETemperature fo r  the Cell Pu(9 ,  
P u ~ ( s ) / P u ' ~ ,  ~ i C 1 - K C l / m t ~ ( s ) ,  No(i?) 

(9 = eel1 no. 1; I%= cel l  11u. 2) 

Table 807-VI 

EMh' oi IJu(2) vs PuN(s), &(g) 

Cell 
110. 

EMF 

(V) 

0.7425 
0.7450 
0.7380 
0.7448 
0.7375 
0.7415 
0.7310 
0.7210 
0.7295 
0.7180 
0.7382 
0.7415 
u .  ' /54U 
0.7675 

N2 
P r e s s u r e  

0 
0.755 
0.716 
0.749 
0.734 
0.751 
0. '1h.1. 

0. '155 

0.755 
0.755 
0.755 
0.728 
0. '114 

0.707 
0.686 

E MI? 
Corrected 
t o  1 atm N2 

0.7380 
0.7404 
0. '73 40 
0.7405 
0.7334 
0.7374 
0.7269 
0.7169 
0.7254 
0.7138 
0.7338 
0.7369 
0.7494 
0.7626 

Temp., 
0 

K 

This  is to be compared with the value of -60 f 1 kcal/ 

mole previously obtained for the f r e e  enercy nf forms- 

tion a t  700 '~.  (') Although N2 is known to reac t  with 

P u  a t  these temperatures  and PuN formation is indi- 

cated on the chromopotentiometric t race,  the cel l  

potential can be easily corrected in o rder  to  determine 

the equilibrium potential. Since i t  is ra ther  doubtful 

that PUN is soluble in  Pu to a significant extent a t  these 

temperatures  the cel l  reaction is for  al l  practical 

galvarlostatic technique did give reasonable datafor the 

system. However further experiments will ho rorliurcd 

bcfore a competent assessment  can be made. 

6. Thermodynamic Properties from Vaporization 
Studies 
(R. A* Ke11L) 

The system PuN has been studied m a s s  spectro- 

metrically. The PuN samples were prepared by pres- 

sing pellctr, from PuN powder(9) having a stoichiometry 

of PUN,,. 9s and heating these pellets under 0.5 atm N2 

at  ~ 6 0 0 ~  for  15 h. Mfitnllogx-aphic and a-ruy diffrac,- 

tion analyses indioa.lel:l the resultant pellets to be single 

whasc PUN with an AVBIR~Y lattice paramotor of 

a, = 4.9055 I 0.0002 A. ChemJ.C81 analyses indicated 

the stoichiometry to  be PuNo. 96 to PUNo. 99. 

Eight: Knudsen effusion experiments were perform- 

ed in which PuN pellets were heated in W cel ls  over the 

range 1658 lo 1976'~. The only vapor species observed 

over these samples were Pu and Nz. Metallographic 

and x-ray diflraction analyses indicated the residue to  

be single phase PuN with a. = 4.9055 f 0.0002 A. The 

grain size of the material had increased, but no f ree  Pu 

metal  was found i n  the residues. 

, From the above observations and from the enthalpy 

values, obtained a s  described below, one concludes that 

in this temperature range PUN decomposes according to 

the reaction 

W ( S )  = Pu(g) + 0.5 Nz(g) . (1) 

The ei~thalpy of the decomposition reaction was 



determined by following the ion current of the 239Pu+ 

signal a s  a function of temperature. The ion current 

data were converted to Pu partial pressure values in 

the usual manner from the equation 

P = K (IT) (2) 

where P i s  the vapor pressure of a given species, K i s  

the machine constant, I i s  the ion current and T is the 

temperature in degrees Kelvin. 

The value of K was determined in the usual manner 

by employing Au a s  a standard and correcting for ioni- 

zation c ross  sections, (lo) multiplier gains and thresh- ' 

old energies. 

In the temperature range covered the partial prss- 

sure of Pu above PuN(s) is given by 

21 953 98 
logi, P.. (atm) = (6.436 * 0.055) - ' uK . . (3) 

J?u 

Vapor pressure data for the f i r s t  three experiments 

conducted in this investigation a r e  shown in Figure 

807-6 together with values measured''') o r  estima- 

ted(12) by other workers. 

For the reaction given by Eq. (1) the N2 partial 

pressure i s  given by 

where M i s  the molecular weight of a given species. 

  he eguiiikrium constant for the dissociation reaction 

i s  given by 

0' 5 

= Ppu P ~ 2  

= 0.4135 pPuiS5 (5) 

These results can be combined with the heat capacity of 

 PUN'^) to calculate the thermodynamic functions of . 

PUN. Because the heat capacity of PUN has not been 

determined, i t  was estimated from the heat capacity of 

UN. (I3) The resulting free energy functions a r e  shown 

in Table 807-VII. 

104 / T O K  

Fig. 807-6 -Log Pressure l /T  for  JZuN 

Table 807-VII 

Thermodynamic Functions for PuN(s) 

Temp. 
0 
K 

298 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

e.u. cal. mole-' 

12.44 0 
12.44 22 
12.72 1257 
13.05 2501 
13.39 3778 
13.77 5102 
14.19 6474 
14.62 7901 
15.09 9382 
15.56 10918 
16.08 12512 
16.61 14164 
17.17 15908 
17.73 17641 
18.33 19465 
18.94 21349 
19.56 23289 
20.22 25290 
20.88 27349 

Estimated E r r o r  at 

298 3 0/p 5% 5% - 
2000 3 0% 15% 15% 15% 

Equation (3) leads to an enthalpy of reaction 1 ol 

AHisls = 150.7 f 0.6 kcal. mole-' . 
0 

when this value i s  corrected to 298 K, using values of 
0 

(H' - HZg8) for  PUN from Table 807-VII, and tabulated 
T 

values for P u ( ~ ) ( ' ~ )  and N ~ ( ~ ) ( " )  the second law de- 

composition enthalpy becomes 

0  AH^,, = 156.2 f 0.8 kcal. mole-' . 
When the values of the equilibrium constant calcu- 



lated from the Pu partial pressure data according to 

Eq. (5) are  combined with the free energy functions for 

PUN from Table 807-VII and for Pu(g) and N2(g) the 

resultant third law value of the decomposition enthalpy 

i s  

0  AH^^^ = 156.1 f 0.2 kcal. mole-' . 
The e r ro r s  quoted in the enthalpy values and in 

Eq. (3) a re  the standard deviations generated by a 

least squares fit to the data. The true uncertainties 

may be larger due to er rors  in temperature measure- 

ment, the ionization cross section values employed, and 

in the estimated values of the thermodynamic functions 

employed for PUN. Accordingly the decomposition 

enthalpy was taken to be 

0 
AH298 = 156.1 f 2.5 kcal. mole- ' . 

When this value i s  combined with the enthalpy of 
0 

vaporization of Pu metal, AH298 = 83. O f  0.5 kcal. mole-', 

the standard enthalpy of formation of PuN(s) i s  calcu- 

lated to be 

0 AH28A = - 73.1 f 2.6 kcal. mole-' . 
7. High Temperature Calorimetry 

(A. E. O g ~ r d )  

'l'he high temperature heat contents and heat capac- 

ities of Uo. 8Pq,.202 and Uo. gPu,,.201. 98 a re  being deter- 

mined as  part of a cooperative program with GE- 

Sunnyvale. In addition, these properties are  being 

determined for U02 and"-AlzOs. Todate the measure- 
0 

ments have been completed up to- 2300 K in a drop 

calorimeter that was not enclosed in a glovebox. At 

these high temperatures, grain growth i s  extensive 

in the welds of the W capsules used to contain the 

oxides. Therefore the calorimeter has been relocated 

in a plutonium handling enclosure, and the calorimeter 

is being recalibrated. It has been demonstrated that 

in the new assembly, calibration i s  independent of the 

rate heat input over the range 700 to 2,000 cal/min., 

and independent of the integral heat input over the 

range 1,000 to 15,000 cal. The calibration factor has 

been improved to a precision of f 0.2 percent, which 

appears to be the practical limit. 

rV. ANALYTICAL CHEMISTRY 

1. Spectrochemical Determination of Impurities in 
- 

U-Pu Ceramic Type Fuel Materials 
(W. M. Myers, C. B. Collier, R. T. Phelps) 

Spectrochemical methods are being developed for 

. determining impurities in mixed carbides, mixed ni- 

trides and mixed oxides of uranium and plutonium. A 

carrier-distillation technique involving the use of 6.4 

percent GqOS a s  a carrier  and Co as  an internal stan- 

dard has been developed to apply to either of the above 

materials after the sample has been converted to the 

oxide by ignition. Determination of the following 21 

impurities in the nominal range of 1 to 1000 ppm i s  

accomplished: Li, Be, B, Na, Mg, Al, Si, P, Ca, Cr, 

Mn, Fe, Ni, Cu, Zn, Sr, Cd, Sn, Ra, Ph and Ri .  Ad- 

diLiofia1 iill~putititss are dalarl~li~lull by ;c aacu~ld ourqrlcr 

distillation technique which involves the use of 50. per- 

cent AgCl a s  a carrier. These are, Ti, V, Co, Zr, 

Nb, Mo, Ta and W. 

The impurity metals most commonly found in ex- 

perimental materials to date (Al, Cr, Fe, Mu, Ni, 

Si, and W) a re  evaluated by photometry with a preci- 

sion of 20 percent relative standard deviation. Evalu- 

at i~n ~f concentsataons by visual cnmlparisnn is us~~al ly  
done faster but with a precision of 50 percent relative 

standard deviation. 

The determination of additional impuritico io bcing 

studied. . 

2. The Determination of Uranium and Plutonium in 
Their Mixed Carbidcs. Mixcd Nitrides, and 
Mixed Oxides . 
(G. B. Nelson, K. S. Bergstresser and G .  H. 

Interest in determining U and Pu in these materi- 

als without prior chemical separation has resulted in 

applications of a controlled-potential coulo~r~alric and 

a potentiornetria titration mothod to thc problcm. It 

was previously reported that for slsyntheticfl solutions 

these methods were l~nhiased and relative standard de- 

viations of 0.3 pcrccnt for the coulometric methucl and 

0.05 percent for the potentiometric method were ob- 

tained. In the analysis of (U, Pu)C, however, it was 

observed that a small amount of W caused interference 

in the potcntiomctric method but not in the coulull~etric 



method. Repeated measurements showed that the lo 

precision of the potentiometric method for a W free 

(Us Pu)C material i s  0.09 percent for  U and 0.18 per- 

cent for Pu. A new transistorized controlled potential 

coulometer i s  being calibrated for use in these mea- 

surements. 

3. The Gravimetric Determination of Oxygen to Metal 
Ratios in Uranium-Plutonium Dioxide Fuel 
Material 
(J. W. Dahlby) 

The gravimetric method reported by Lyon (GEAP 

Rpt. 4271, 1963) could not be made to produce satis- 

factory results when used according to recommenda- 

tions. No combination of parameters could be found 

that would produce satisfactory results using pure UOz 

a s  the experimental material. In all cases the O/M 

ratio was high, between 2.006 and 2.008. It was ob- 

served, however, that the weights of the UOz yr~uducls 

increased when stored overnight in a vacuum desicca- 

tor, but the increase was only enough to bring the.O/M 

ratio down to approximately 2.004. For this reason a ' 

thermobalance i s  being set  up to permit weighings at  

temperature and wilhoul ren~oval  from the IIe-112 re- 

ducing atmosphere. 

4. Gravimetric Determination of Owpen in (U, Pu)Oz 
(C. S. MacDougall and M. E. Smith) 

Using Thoz a s  a stand-in for (U,Pu)02 a gravimet- 

r ic  method for determining oxygen was found to have a 

precision of 0.4 percent relative standard deviation. 

All attempts to improve this figure failed. Attempts 

a r e  now being made to apply an inert-gas-fusion tech- 
' 

nique by using a inolten met;il bath aud an automatic 

5. Gas Chromatographic Determination of Oxygen in 
(U , Pu) o2 
(M. E. Smith and D. Vance) 

' 

An inert-gas-fusion gas chromatographic finish 

method for measuring oxygen in these materials i s  
0 

being tested. The CO and liherated at  2,000 C 

from an oxide. fuel-C pellet a r e  mixed with ethane a s  

an internal standard and measured in a gas chromato- 

graph. Although the CO can be measured with a stan- . 

dard precision of 0.25 percent the small quantity of 

COz i l ~ v ~ l ~ ~ d  caa be meanurad with a otandard preoision 

of 5.2 percent. Various parameters a re  being studied 

to improve these precisians. 

6. Electron Microprobe Examination of Uranium- 
Plutonium Carbides 
(E. A. Hakkila and H. L. Barker) 

Approximately thirty samples of these materials 

from various experiments were examined to identify 

impurities, inclusions, and phases, and to determine 

homogeneity on a microscale. In most, the matrices 

were homogeneous with respect to Us Pu and C distri- 

butions, but some depletion of Pu and enrichment of U 

occurred in isolated areas  in a few cases. Inclusions 

generally were enriched in Pu and depleted in U and C 

with respect to the surrounding matrix. Some contained 

Si, Fe, Cu, Ni, o r  W as impurities but not necessarily 

associated together. In two cases, a Pu-rich grain 

boundary phase was observed without detectable impu- 

rities. Needle-like precipitates were generally enrich- 

7. Applications of Analytical Methods to the Analyses :.. 
of Various Materials 
(J. W. Dahlbg, N. L. Koski, G. B. Nelson, 
M. E. Smith, L. E. Thorn, and W. W. Wilson) 

Approximately forty-five samples of (U, Pu)C mate- 

r ials  from various preparatory operations and experi- 

ments. were analyzed for U, Pu, 0 ,  C, and N by con- - - ,  

trolled-potential, combustion, inert-gas-fusion, and : . . 
Kjeldahlmethods. Uranium concentrations varied from fl ,, 

74.6 to 78.7 percent, Pu from 16.8 to 19.9 percent, 

and C from 4.5 to 5.1 percent. Nitrogen generally was 

present a t  about 200 ppm but ranged from 105 to 485 ppm. 

Oxygen varied widely, depending on the hlstory of the 

sample, .from 25 to 1 O O O  ppm. Eight samples of -. 

(U, Pu)Oz, having U/Pu atom ratios from 21/1 to 2.2/1 

were analyzed for U and Pu by potentiometric titration 

with a precision < 0.1 percent. A few specimens of 

UC, W, and PuC were analyzed for major constitu- 

ents. 
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PROJECT 808 

COMPATIBILITY OF SODIUM-BONDED (U,Pu)C AND (U,Pu)N FUELS WITH CLADDING MATERIALS 

Person i n  Charge: D. B .  Hall 
Pr inc ipa l  Inves t iga tors  : R. H .  Perkins 

J .  A.  Leary 

I .  INTRODUCTION 

The use o f  sodium f o r  h e a t  t r a n s f e r  between 

the fue l  p e l l e t s  and t h e  cladding is  des i rab le  t o  

lower the  surface temperature o f  the  p e l l e t s  and t o  

permit s u b s t a n t i a l  tolerances i n  t.he dimensions nf 

the  p e l l e t s  and t h e  clads.  The ob jec t ives  o f  t h i s  

program a r e  t o  study and understand t h e  i n t e r a c t i o n s  

of  (U,Pu)C and (U,Pu)N with sodium and p o t e n t i a l  

cladding mate r ia l s  and, i f  necessary, t o  modify the 

proper t i es  of  these  components t o  achieve a  s a t i s -  

factory sodium-bonded fue l .  elen~er~l: f u r  a LMFBR. Em- 

phasis  i s  t o  be placed on the s t u d i e s  of  sodium- 

bonded carbides i n  Type 316 s t a i n l e s s  s t e e l .  

During t h e  assembly of equipment and the  devel- 

opment o f  procedures, some of  t h e  i n i t i a l  e f f o r t  has 

been devoted t o  two survcys o f  t h c  l i t c r n t u r c .  Thc 
1 repor t s  dea l  with t h e  (U,Pu)C f u e l  and (U,Pu)N 

fuel , '  r espec t ive ly .  The surveys have shown t h a t  

t h e  published work and t h e  fue l s ,  themselves have 
. . 

severa.1 s t reng ths  and weaknesses. For example, t h e  

da ta  on the  carbide fue l  invar iab ly  emphasize the 

d i f f i c u l t y  i n  obtaining s ingle-phase,  s to ich iomet r ic  

monocarbide and severa l  repor t s  document the  unsui t -  

a b i l i t y  o f  the  hypostoichiometric form o r  t h a t  con- 

t a i n i n g  d icarb ide .  The n i t r i d e  f u e l  i s  comparative- 

l y  easy t o  prepare i n  a  pure form t h a t  is  compatible 

with s t a i n l e s s  s t e e l .  Considerable remains t o  be 

done with both f u e l s  with resper,t  t o  cnmpat.jhi1it.y 

i n -  and ou t -of -p i le ,  and regarding the techniques 

of  preparat ion,  handling, metallography, ana lys i s ,  

e t c .  

Carhurizatinn nf  a  s t a i n l e s s - s t e e l  c l a d  via . 
sodium has received some a t t e n t i o n  i n  t h i s  labora- 

to ry3  and warrants f u r t h e r  study i n  regard t o  the 

compatibi l i ty  of  (U,Pu)C. , Although no n i t r i d e  f u e l  

p e l l e t s  a r e  ava i lab le ,  the re  i s  an i n t e r e s t  i n  de- 

t e c t i n g  t h e  tramp contaminant U2N3 and i n  es t imat ing  

i t s  e f f e c t  on an important c lad l i k e  s t a i n l e s s  s t e e l .  

In addi t ion t o  i n t e g r a l  t e s t s  of  compatibi l i ty  i n -  

and ou t -of -p i le ,  more spec ia l ized  s tud ies  of t h e  

following nature should a l s o  be pursued: 

1. The e f f e c t s  o f  venting fue l  capsules t o  t h e  so-  

dium coolant .  

2. The e f f e c t s  o f  high concentrat ions of f i s s i o n  
. . 

products i n  sodium bonds on compatibi l i ty .  

3 .  The s t a b i l i t y  o f  t h e  sodium bond under various 

s t r e s s e s .  

11. CARBIDE FUEL COMPATIBILITY STUDIES 
(F. B .  L i t ton ,  L .  A. Geoffrion, J .  H .  Henderj 

A.  General 

The ob jec t ives  of  t h i s  program are  t o  s tudy t h e  

i n t e r a c t i o n s  among single-phase mixed uranium-plu- 

, tonium carbide,  a  sodium bond, and p o t e n t i a l  c lad-  

ding mate r ia l s ,  i .e. , t o  i n v e s t i g a t e  t h e  technology. 

r e l a t e d  t o  sodium-bonded f u e l  elements. There a r e  

two approach& t o  t h e  experimental work. One ap- 

proach is  t o  determine the  reac t ions  occurring be- 

, tween (U 0.8Y~0.2]C and p o t e n t i a l  cladding mate r ia l s ,  

using Type 316 s t a i n l e s s  s t e e l  and a  high-strength 

vanadium-base a l l o y  (V-15Ti-7.5Cr) as  the  f i r s t  and 

second choice o f  cladding mate r ia l ,  r espec t ive ly .  A 

second concurrent s e t  o f  experiments i s  t o  s tudy t h e  

mechanism of  carbon t ranspor t  through sodium, the  

e f f e c t  o f  i inpuri t ies  such as  oxygen, and t h e  carbu- 

r i z i n g  p o t e n t i a l  o f  sodium i n  mutual contact with 

carbides and t h e  pre fe r red  cladding mate r ia l s .  

Capsules containing sodium-bonded, s ingle-phase 

(U,Pu)C w i l l  be t e s t e d  i n  sodium loops a t  750°C f o r  



p e r i o d s  up t o  10,000 h .  Primary emphasis w i l l  be 

p l a c e d  on fundamental r e a c t i o n s  o c c u r r i n g  between 

(U0 .8P~0 .2 )C  and Type 316 s t a i n l e s s  s t e e l  o r  vana- 

dium a l l o y .  H igh-pur i ty ,  t ho rough ly  c h a r a c t e r i z e d  

sodium w i l l  be used f o r  t h e  s t u d i e s .  Fue l s  o f  known 

composi t ion w i l l  be  s u p p l i e d  u s i n g  methods developed 

by Ceramic Plutonium Fuel M a t e r i a l s  (807) program 

a t  LASL. Most o f  t h e  t e s t i n g  w i l l  be performed on 

s t o i c h i o m e t r i c  (U,Pu)C f u e l ;  hypo- and h y p e r s t o i c h i -  

o m e t r i c ,  mixed c a r b i d e s  w i l l  a l s o  be  s t u d i e d  t o  de- 

t e r m i n e  t h e  e f f e c t  o f  t h e  M/C r a t i o  o f  t h e  f u e l  on 

carbon t r a n s p o r t  by t h e  sodium bond. Carbides  con- 

t a i n i n g  known and c o n t r o l l e d  amounts o f  oxygen and 

n i t r o g e n  w i l l  b e  t e s t e d  t o  determine t h e  e f f e c t  o f  

t h e s e  a d d i t i v e s  on t h e  sodium bond and on f u e l - c l a d  

c o m p a t i b i l i t y .  The Pu/U r a t i o  i n  most mixed f u e l s  

w i l l  b e  ma in ta ined  a t  0 .2 ,  b u t  some exper iments  w i l l  

b e  performed on s t o i c h i o m e t r i c  and hypers to ichiomet-  

r i c  UC t o  determine t h e  e f f e c t  o f  p lutonium a d d i t i o n  
' 

.on t h e  behav io r  o f  t h e  c a r b i d e  f u e l .  

B .  Cur ren t  Resu l t s  

1.  Mechanism o f  Carbon T r a n s f e r  

Apparatus f o r  s tudy ing  t h e  mechanism o f  carbon 

t r a n s f e r  i n  t h e  carbide-sodium-conta iner  sys tem is  

i n  t h e  f i n a l  s t a g e  of assembly. The containment f o r  

t h e  sodium i s  shown i n  Fig .  1. I n  a d d i t i o n ,  t h e  

appa ra tus  c o n t a i n s  a  t i t a n i u m  sub l ima t ion  i o n  pump 

and a  p u r i f i c a t i o n  t r a i n  f o r  t h e  hel ium cover  gas .  

Type 316 s t a i n l e s s  s t e e l  c a p s u l e s  a r e  be ing  , 

ana lyzed  t o  determine carbon t r a n s f e r  and change i n  

sodium ana lyses  a f t e r  t e s t s  f o r  1000 h  a t  650" and 

750°C.   he capsu les  con ta ined  f i v e  grams o f  sodium 

and e i t h e r  s t o i c h i o m e t r i c  o r  h y p e r s t o i c h i o m e t r i c  

uranium c a r b i d e .  Companion capsu les  a r e  i n  t e s t  

c o n t a i n i n g  sodium and e i t h e r  hypos to ich iomet r i c ,  

s t o i c h i o m e t r i c  o r  h y p e r s t o i c h i o m e t r i c  uranium-plu- 

tonium c a r b i d e s .  

2. Corros ion Study 

The behav io r  o f  s e l e c t e d  cladding mater i  a.1 i n  

sodium i s  be ing  i n v e s t i g a t e d  a s  a f u n c t i o n  o f  tern.- 

p e r a t u r e  and sodium p u r i t y .  A group of s i x  s p e c i -  

mens each o f  vanadium, vanadium-10% t i t a n i u m ,  vana- 

dium-20% t i t a n i u m ,  vanadium-40% t i t a n i u m ,  vanadium- 

15% t i t an ium-7 .5% chromium, Types 304L and 316L 

s t a i n l e s s  s t e e l ,  niobium-1% zi rconium,  niobium-10% 

t u n g s t e n ,  and zirconium were immersed i n  zirconium- 

g e t t e r e d  sodium a t  650°C f o r  1000 h .  Reference i s  

made t o  r e p o r t  LA-3820-MS f o r  specimen a n a l y s i s .  

Fig. I .  A p p a r a t ~ ~ s  for  stilrlying carbon t r a n s f e r  i n  
sodium. 

The weight changes r eco rded  i n  Table  I i n d i c a t e  

no s i g n i f i . c a n t  c o r r o s i o n . o f  t h e s e  m a t e r i a l s  . i n  h o t -  

t r apped  sodium a t  650°C. For example, t h e  weight 

l o s s  o f  0.048 mg/cm2 on ,Type 304L s t a i n l e s s  s t e e l  i s  

approximately  equivalent t o  a p c n c t r a t i o n  o r  2 .6  rui- 

c rons  p e r  y e a r .  The f i l m s  on t h e  vanadium base  a l -  

l oys  were i n s u f f i c i e n t  f o r  a n a l y s i s .  Average s p e c i -  

men weight changes a t  650°C were about f o u r  t imes  

l e s s  than  t h o s e  recorded at .  7Sf1°f'., 

3.  Removal o f  Sodium Bond from S i n t e r e d  (U,Pu)C 
Fuel P e l l e t s  

The purpose o f  t h i s  expe r imen ta l  program was 

t o  s tudy  t h e  e f f e c t  o f  va r ious  t echn iques  f o r  r e -  

moving sodium from t h e  f u c l - t o - c l a d  sodiwn burld on 



Table I w a s  conducted i n  an open hood, which was per iod ica l -  

Corrosion of  Mater ials  i n  Hot-Trapped 
Sodium a t  650°C f o r  1000 h 

' Weight Change* 
Mater ial  Heat Treatment (mg/m2) 

V .  Annealed 1 h ,  900°C + 0.009 

V-1OTi Annealed 1 h ,  900°C + 0.082 

V-2OTi Annealed 1 h ,  900°C + 0.096 

V-40Ti Annealed 1 h, 900°C + 0;087 

V-15Ti-7.5Cr Annealed 1 h ,  850°C' + 0.183 

Type 304L SS Annealed 1 h ,  1000°C ' - 0.048 

Type 316L SS Annealed 1 h ,  1000°C none 

Nb-1Zr Annea led1h ,1350°C none 

Nb-1OW Annealed 1 h ,  1350°C - 0.046 

Z r  Annealed 1 h ,  850°C + 0.076 

*Average o f  s i x  one-half i~ lc l l  square specimens 

l y  checked f o r  a lpha contamination during the  proc- 

ess ing .  . 

The capsules were cut with a tube c u t t e r  ap- 

proximately 1/4 i n .  above t h e  sodium l e v e l .  The 

opened capsules were then immersed i n  a beaker i n  

the  respec t ive  reac tan ts  u n t i l  the  top f u e l  p e l l e t  

was exposed. The clad was 'cut  from around t h e  t o p  

p e l l e t  exposing t h e  sodium bond. The capsule was 

then immersed i n  t h e  reac tan t  u n t i l  the re  was a no- 

t i c e a b l e  decrease i n  hydrogen evolut ion.  This pro- 

cedure was repeated u n t i l  the  exposed p e l l e t  could 

be removed from the  clad.  m e n  evolut ion o f  hydro- 

gen ceased, the  f u e l  p e l l e t s  were removed from the  

reac tan t ,  d r ied  by swabb'ing with cheese c l o t h ,  and 

s t o r e d  under vacuum p r i o r  t o  metallography. 

t h e  s t r u c t u r e  of  s ingle-phase,  s in te red ,  mixed-car- The removal of  t h e  sodium bond by reac t ion  

bide fue l  p e l l e t s .  The techniques considered were with alcohols  proved t o  be a time-consuming opera: 

d i s t i l l a t i o n ,  d i sso lu t ion  i n  high-p1.1rj.t.y nrgani.c t i o n .  The p e l l e t s  were removed i n  3-1/2, 5-1/4, and 

r e a c t a n t s ,  mercury amalgamation, and d i sso lu t ion  i n  7 hours with e thy l  alcohol containing 5 vol.% o f  

l i q u i d  ammonia. The l a t t e r  two techniques. were water,  absolute  e t h y l  alcohol and pure bu ty l  a lcohol ,  

he ld  i n  abeyance u n t i l  preliminary work was com- respec t ive ly .  No se r ious  problem was encountered as 

p l e t e d  on  d i s t i l l a t i o n  and d i sso lu t ion  techniques. a r e s u l t  o f  alpha contamination. A s  a n t i c i p a t e d ,  

A p u r i f i c a t i o n  loop served as t h e  source o f  counts were observed on t o o l s  used f o r  decladding, 

sodium f o r  bonding (U,Pu)C f u e l  p e l l e t s  t o  Type 316. but otherwise alpha contamination was r e s t r i c t e d  t o  

s t a i n l e s s  s t e e l  cladding mate r ia l .  The loop was op- p a r t i c u l a t e  matter  mechanically detached from t h e  

e r a t e d  a t  a bulk sodium temperature of  163°C (32S°F) exposed p e l l e t s .  

and a cold t r a p  temperature o f  130°C (26S°F) . The In t h e  d i s t i l l a t i o n  technique, t h e  sodium bond 

sodium was withdrawn from the  loop i n  a glovebox was removed from t h e  f u e l  p e l l e t s  by d i s t i l l i n g  t h e  

containing l e s s  than 10 ppm of t o t a l  impur i t i es .  sodium under vacuum a t  a r e l a t i v e l y  low temperature. 

The sodium was then c a s t  t o  form an extrusion A vacuum of 5 x t o r r  and a temperature o f  475°C 

b i l l e t .  The b i l l e t  was extruded i n t o  0.240-in.- (887OF) was adequate t o  f r e e  the  p e l l e t s  of sodium. 

d i m  ro,ds, which were cut  t o  l - i n .  lengths.  Cap- . A schematic view o f  the  d i s t i l l a t i o n  u n i t  i s  shown 

0.10-in.  wall by 3 i n .  long) were loaded with t h r e e  The capsules were opened i n  an open hood by 

mixed-carbide f u e l  p e l l e t s  (0.265-in. d i m  by 0.25- cu t t ing  with a tube c u t t e r  approximately 1/4 i n .  a- 

i n .  long) and one length o f  extruded sodium. Af te r  bove the sodium l e v e l .  They were placed i n  t h e  cap- 

t h e  closure welds were made, t h e  capsules were re -  . s u l e  block and t rans ' ferred t o  t h e  d i s t i l l a t i u l l  u n i t .  

moved from the dry box, heated t o  600°C (1112O~) The d i s t i l l a t i o n  u n i t  was sea led  and a vacuum of  5 x 

for 1 h and centr i fuged while cooling , to  room tem- t o r r  a t t a ined .  The furnace was then heated t o  

pera ture .  They were reheated t o  300°C (572 '~)  and 485' 2 10°C, and t h e  temperature maintained t h e r e  

placed i n  a magnetostrj .ctiva device f o r  1 h .  The u n t i l  t h e  vacuum was re -es tab l i shed  i n  the  t o r r  

i n t e g r i t y  o f  t h e  bond was inspected by x-ray,  u l t r a -  range. This required a period o f  s i x  hours. The 

son ic ,  and eddy-current techniques. furnace was cooled overnight t o  room temperature 

In the  d i sso lu t ion  techniques, t h e  sodium . The d i s t i l l a t i o n  un i t  was then opened. The 

bond was removed from the f11e1 p e l l e t s  by reac t ion  . cold f i n g e r  w a s  removed and the  condensed sodium was 

with pure bu ty l  and e t h y l  a lcohols ,  and with e t h y l  reacted with e t h y l  a lcohol .  Th'e block containing the  

alcohol containing 5 vol .% o f  d i s t i l l e d  water.  I t  capsule was removed from t h e  dis.til laLioll ui i t .  
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Fig .  2 .  Schemat ic  view of t h e  sodium d i s t i l l a t i o n  
u n i t .  

A f t e r  e n d - f l a r i n g  t h e  capsu le  f o r  p e l l e t  removal,  

t h e  p e l l e t s  were removed and packaged f o r  t r a n s f e r  

t o  me ta l log raghy .  The open hood, t o o l s ,  and a l l  

p a r t s  t o  t h e  d i s t i l l a t i o n  u n i t ,  were then  monitored 

t o r  a l p h a  con tamina t ion .  A s  a  g e n e r a l  r u l e ,  t h e r e  

was n o  con tamina t ion  problem except  f o r  t h o s e  t o o l s  

o r  p a r t s  which had been i n  d i r e c t  c o n t a c t  w i th  t h e  

p e l l e t s .  

A l l  (U,Pu)C f u e l  p e l l e t s  were s e c t i o n e d  long- 

i t u d i n a l l y  and vacuum-impregnation mounted i n  epoxy 

r e s i n .  The mounted s e c t i o n s  were ground on S i c  pa-  

p e r s  through 600 g r i t  us ing l app ing  o i l  a s  t h e  l u -  

b r i c a n t .  P o l i s h i n g  was performed by hand and wi th  

au tomat i c  equipment on s y n t h e t i c  n a p l e s s  lap cover- 

i n g s  u s i n g  15 P, 6 IJ, and 1 IJ diamond p a s t e  wi th  

s i l i c o n e  o i l  a s  t h e  l u b r i c a n t .  The samples were u l -  

t r a s o n i c a l l y  c l eaned  wi th  vythene between each p re -  

p a r a t i v e  s t e p .  The specimens were t h e n  e l e c t r o l y t -  

i c a l l y  e t c h e d  wi th  1:l:l  l a c t i c ,  n i t r i c ,  and a c e t i c  

a c i d s  (2 .5  V dc ,  9 s e c ,  touch p robe ) .  Th i s  p o l i s h -  

i n g  and e t c h i n g  sequence was then  r e p e a t e d  p r i o r  t o  

photomicrography. 

. The g r i n d i n g  and p o l i s h i n g  l u b r i c a n t s  were 

ana lyzed  f o r  t h e i r  wa te r  c o n t e n t .  Lapping o i l  con- 

t a i n e d  0.04 w/o wa te r ,  wh i l e  s i l i c o n e  o i l  and vy- 

thene conta ined 0 .03  and 0.02 w/o o f  w a t e r ,  r e s p e c t -  

i v e l y .  Extended exposure o f  t h e s e  l u b r i c a n t s  t o  a  

washed-ai r  envjronment showed no measurable absorp- 

t i o n  o f  moi s tu re  from t h e  atmosphere.  Molecular 

s i e v e s  were p l a c e d  i n  t h e  l u b r i c a n t  c o n t a i n e r s  t o  

absorb t h e  sma l l  pe rcen tage  o f  wa te r  p r i o r  t o  use .  

The s t r u c t u r e  o f  s i n t e r e d  (U,Pu)C was s t u d i e d  

by meta l lography a f t e r  removing t h e  sodium bond by 

d i s s o l u t i o n  and d i s t i l l a t i o n .  P o r o s i t y  was d e t e r -  

mined by t h e  method o f  two-dimensional,  s y s t e m a t i c ,  

p o i n t  count.  The p o r o s i t y  a f t e r  sodium removal was 

compared t o  unbonded "as-received"  p e l l e t s .  The 

d a t a  on pnrnsi . ty  wore nhtabl~cr! from a t  l e a c t  t h r o o  

p e l l e t s  for each t echn ique  and a r e  p r e s e n t c d  i n  t n -  

b l e  11. 

Table  11 

E f f e c t  o f  Sodium Removal Techniques 
, , 

on t h e  P o r o s i t y  o f  (U,Pu)C P e l l e t s  

Average Maximum Maximum 
P o r o s i t y  Poros i ty  Pure S ize  

Technique (%I (%I (u) 

Unbonded 10 .1  11 .O 16.6 

Ethanol  12.5  13.0  21.8 

Butanol 11.7  12.2 16.2 

Distil l a t i o n  8 .5  10 . O  12 .9  

Ethanol  + 5% H70 1 9 , 7  23.5 37 Z 

Tho d a t a  ghorr thnt tlrc. l u r v - l c ~ ~ ~ p e ~ a l u r e  V ~ C U U I I  

d i s t i l l a t i o n  i s  t h e  p r e f e r r e d  method f o r  rcmoving , 

sodium from sodium-honderl f i le1 capsu les .  Sodium 

d i s t i l l a t i o n  h ~ c  no  upprcciuble  e f fec t  UII e i l l l e r  Ll~e 

s i z e  o r  shape o f  t h e  po res .  However, bo th  t h e  s i z e  

and shape a r e  changed by dissoli . l t inn t echn iques .  

Butanol has  l e s s  effec.t. nn t h ~  m i c r o ~ t r u c t u r e  than 

e t h a n o l .  D i s so lu t ion  t echn iqucs  ( e thano l  and b u t a l u l )  

produce a  rounding o f  t h e  pore  edges ,  probably  be-  

cause  t h e  di.ssu1uliu11 d i d  nor e f f e c t i v e l y  remove a l l  

o f  t h e  sodium p r i o r  t o  meta l lography.  However, t h e  

.vacuum-distl.1 I a t i o n  t echn ique  r e t a i n s  t h e  o r i g i n a l  

s h a r p  yo re  edges whi le  rcmoving a l l  o f  the S U ~ ~ U I I I .  

These conc lus ions  a r e  suppor t ed  by s t r u c t u r e s  shown 

.i,n Fig.  3 through 7. 

Figure  3 is  t y p i c a l  o f  t h e  pore  s i z e  and shape 

o f  a  s ing le -phage  (U,Pu)C p a l l e t  not exposed t o  s o -  

dium. The pore  edges were sha rp  and d i s t i n c t .  

F igure  4 i s  an example o f  t h e  e f f e c t  o f  t h e  

e t h a n o l  d i s s o l u t i o n  o f ' t h e  sodium bond. Apparent 

p o r o s i t y  had i n c r e a s e d  and rlltu~y o f  t h e  p o r e  edges 



Fig. 3. (U,Pu)C, etched, 300X. Unbonded reference Fig. 5 .  (U,Pu)C, etched, 300X. Butanol dissolution 
sample. of sodium bond. 

Fig. 4 .  (U,Pu)C, etched, 300X. Ethanol dissolution Fig. 6 .  (U,Pu)C, etched, 300X. Vacuun d i s t i l l a t i o n  
o f  sodium bond. o f  the sodium b a d .  



Fig. 7. (U,Pu)C, etched, 300X. Ethanol-5% water 
d issolu t ion  of sodium bond. 

were rounded. Small amounts of sodium continued t o  

seep out of  the sample during metallography. 

Figure 5 shows the typica l  r e su l t  of  a buta- 

no1 d issolu t ion  o f  t he  sodium bond. The over-al l  

changes i n  porosity and pore shape were not as se- 

vere as they were following the  reaction with etha- 

nol ,  but subs tant ia l  amounts of  sodium reaction 

products continued t o  seep out of t he  specimen. 

Figure 6 i l l u s t r a t e s  the  ef fec t  o f  the re- 

moval o f  t he  sodium bond by vacuum d i s t i l l a t i o n .  

Pore measurements indicate no deleterious ef fec ts ;  

the pore edges retained t h e i r  or ig ina l  sharp edges 

and seepage o f  sodium reaction products was not 

observed. 

Figure 7 shows the sever i ty  of at tack t o  the  

pores caused by t h e  addition of 5 vol.% of water t o  

t h e  ethanol. Over-all porosity appeared t o  double ; 

pore shape was no longer well defined and sodium 

continued t o  give seepage reaction products. (Evi- 

dence f o r  the  l a t t e r  are ring-shaped s t a ins  and a 

general "blotchy" appearance). 

I I I. VENTED (U , Pu) C EXPERIMENTS 
(J. C. Clifford) 

A. ISe~~eral 

Sodium and single-phase (U,Yu)C are being corl- 

tac ted  i n  a small forced-convection sodium sySt6it 
I fo r  periods of 1000 h and longer. The experlaenrs 

are  l imited t o  determining the out-of-pile s t a b i l i t y  

nf? ~ingle-phase (tJ,Pn)C i n  flawing sadim i n  suppart 

o f  studies of f i ss ion  product release from the  same 

material during and a f t e r  neutron i r radia t ion .  

The sodium loop used fo r  these experiments cQn= 

sists of three  mter-connetted vertical legs md tr. 

dump tank (Fig. 8). Two legs contain fue l  test sec- 

t ions,  and the  t h i r d  contains a replaceable zircon- 

ium hot t r a p  and an immersion heater. A l l  sodium- 

wet sections of the loop are m e  316 o r  321 s ta in-  

l e s s  s t e e l  and the  nominal operating temperature o f  

Fig. 8. Schematic o f  700°C isothermal sodium system 
f o r  (U,Pu)C veuting expe~iments. 

the system is 700°C. The sodiwn capacity o f  the  

loop is  < 10 l b ,  and the  mass flow ra t e  is 300-400 

lb/h, p.roviding a velocity on the  order of  an inch 

per second i n  the fuel  t e s t  sections. 



Pel le ts  of approximately 92% dense mixed car- 

bide (0.265-in. diam, 0.25-in. long) are inserted 

i n  tubes of Type 316 s ta in less  s t e e l  (0.300-in. 

o.d., 0.010-in. wall), three pe l l e t s  per tube. The 

fuel occupies approximately 3/4 in .  of the 3-in.- 

long tubes. In some cases the tubes are open a t  

both ends t o  allow sodim flow between fuel  and 

tube; i n  others the  tube is closed a t  the bottom t o  

maintain a s t a t i c  sodim bond between fuel and tube 

during t e s t  . 
'I'ypieal scrdlum iq~uri  Ly l ~ v a l s  in the  system 

are .( 5 ppm 0, < 4 pprn N, and < 5 ppm H. Sodium 

samples can be obtained f o r  determination of U, Pu, 

and t o t a l  C. 

B. Current Results 

The first s e t  of three capsules, two flow- 

through and one s t a t i c ,  was removed from t e s t  a f t e r  

900 h a t  700°C. Sodium was removed from the  cap- 

sules by dissolution with lfabsolutefl ethanol and 

the pe l l e t s  and cylinders were examined metallo- 

graphically and by electron beam microprobe. Aside 

from an increase i n  pore s ize ,  a t t r ibutable  t o  the 

use of water-contaminated ethanol fo r  removal of so- 

dium, and some cracking along the ends, the pe l l e t s  

appeared mehanged a f t e r  t e s t  (Fig. 9). Microprobe 

traverses from edge t o  center of the pe l l e t s  f a i l ed  

t o  detect  any variat ions i n  pe l l e t  compositi~n. 

The s t a in le s s  s t e e l  cylinders a lso  appeared un- 

changed a f t e r  t e s t  (Fig. l o ) ,  and microprobe trav- 

erses of  the  walls did not detect the  presence of U, 

o r  any C, Fe, C r ,  o r  N i  gradients. Alpha contamina- 

t i on  of these tubes and s t a in le s s  s t e e l  brackets i n  
2 the system was generally < 5000 d/m-in. 

A duplicate s e t  of  capsules has been removed 

fo r  examination a f t e r  2000 h of exposure. 

Fig. 10. Section of Type 316 s t a in le s s  s t e e l  tubing 
from a vented (U,Pu)C fuel  capsule a f t e r  900 h i n  
700°C sodium. 300X 

Pig. 9 .  Surface region of  a (U,Pu)C fuel pel let 
a f t e r  900 h i n  700 '~  sodium. 300X 

I V  NITRIDE FUEL ST1IIlTES 
(B, 3,  Thorner) 

A. General 

Although not the  most studied of ceramic fuels ,  

(U,Pu)N is nevertheless one of the  most promising 

because of  i ts  ease of fabrication,  compatibility 

with inexpensive clads, resistance to  radiation, e t c .  2 

In s p i t e  of the  f a c t  t ha t  fuel pe l l e t s  have been un- 

available, some attention has been given t o  the  prob- 

able ef fec t  of the contaminant UZN3 as i t  might 

af fec t  the favored clad,  s t a in le s s  s t ee l .  

B. Current Results 

The avai labi l i ty  i n  the  l i t e ra tu re  of data on 

the absorption of nitrogen from NH o r  N by Type 304 3 2 



s t a in le s s  s t e e l  has prompted some estimates of 

whether U2N3 would produce a n i t r i d e  precipi ta te  i n  

t h i s  s t e e l .  The data suggest tha t  such precipita-  

t i o n  could take place somewhat below 400°C but the 

process would probably be slow a t  such low tempera- 

tu res .  The data above the region of sens i t iza t ion 

f o r  t h i s  s t e e l  were too inconsistent  o f  r e l i ab le  

estimates. 

V. LOADING FACILITY FOR TEST CAPSULES 
(D. N.  Dunning) 

A. General 

A prerequis i te  t o  a compatibility program in- 

volving (U,Pu)C, sodium, and potent ia l  cladding ma- 

t e r i a l s  is  a sa t i s fac tory  capsule loading and b ~ n d -  

ing  f a c i l i t y .  There i s  l i t t l e  point t o  obtaining 

well-characterized materials f o r  t e s t ing  i f  these 

materials  are contaminated before they are p1 aced i n  

t e s t .  Sodium and (U,Pu)C a re  su f f i c i en t ly  reactive 

t h a t  a l l  operations must be performed e i the r  i n  vac- 

uum o r  i n  a high-quality i n e r t  atmosphere. A load- 

ing  f a c i l i t y  f o r  handling these materials is  now 6p- 

era t ional  ; however, it i s  f a r  from being complete. 

An inert-atmosphere glovebox f o r  handling fue l  pel-  

l e t s  p r i o r  t o  t h e i r  insert ion in to  capsules m u s t  

s t i l l  be ins ta l led .  In addition, i n e r t  gas cleanup 

systems must be incorporated in to  the  faqility, 

E. Current Results 

1. F?l Loading gtgxiqn 

A new two-section, evacuable, inert-atmosphere 

glovebox Sor fue l  p e l l e t  loading and inspection has 

been received a t  LASL. Piping and ins t a l l a t ion  have 

been i n i t i a t e d .  This box w i l l  have one section tha t  

w i l l  be used f o r  inspection of  fuel  pe l l e t s  and w i l l  

be "alpha hot .I' The other section of the  box wi 11 

be maintained i n  the  "alpha cold*t condition. Fuel 

p e l l e t s  w i l l  be loaded into capsules through the  box 

wall separating the two sections.  Ine r t  gas pur i ty  

w i l l  be maintained i n  both sections of the  box. 

Thc present fuel  pe l l e t  loading is accomplish- 

ed i n  t h e  sodium loading box t o  ensure tha t  t h e  fuel  

p e l l e t s  do not see any air during loading operations. 

Forty-five capsules of  various configurations were 

loaded during the  pas t  quarter. The p e l l e t s  a rc  

l a i d  on aluminum f o i l  during loading; t h i s  f o i l  is 
then disposed of  t o  control alpha contamination i n  

the  sodium loading box, since t h i s  box is maintained 

i n  the  "alpha cold" condition. 

Two of the  capsules are f o r  i r radia t ion t e s t s  

i n  the Omega West Reactor (OWR). The loading tech- 

niques used on these capsules were the  same as those ' 

proposed f o r  use on the  3-ft-long EBR-I1 i r radia t ion 

t e s t  capsules. 

2.  Sodium Purification Loop and Sodium Loading Box 

The sodium purification loop and loading box 

a re  operational on a routine basis.  

3. Sodium Bonding 

Eighteen capsules were bonded during t h i s  quar- 

t e r  using the following procedure: 

a .  Heat the loaded and welded capsule to  

600°C f o r  1 h with sodium on bottom. 

b. Centrifuge un t i l  the sod im is  frozen. 

c. Reheat the  capsule t o  300°C f o r  1 h with 

magnetostrictive device operating against 

the capsule bottom. 

d. Centrifuge u n t i l  the  sodium is  frozen. 

In addition, two i r radia t ion capsules were bonded 

using a modified procedure which is proposed f o r  

long capsules f o r  which centrifuging is impractical. 

The fuel  pe l l e t s  are positioned on the  capsule bot- 

tom by melting the  sodium and forcing the  pe l l e t s  in-  

to  the l iquid  sodium with a spring. The sodium i s  

then frozen and the  f ina l  closilre weld is made. The 

heating cycles f o r  sodium bonding are the smtt as 

those i n  the standard bonding procedure; howcver, 

t he  centrifuging s tep  i s  omitted. 

V l  . POST-nST EXAMINATION 
(J . H. Bender) 

A. General 

Metallographic examination is one of the p r i -  

mary methods f o r  evaluating the compatibility of 

fuels with cladding; however. delineation nf the 

phases tha t  may be present i n  s in tered  (U,Pu)C (me- 

t a l l i c ,  dicarbide and sesquicarbide) has been inac- 

curate with a l l  of the  known metallographic tech- 

niques. Continued investigation of multiple tech- 

niques has succeeded i n  developing a s t a i n  etch, 

microhardness and preferential  etch method tha t  ac- 

curately distinguishes between the  metall ic,  dicar- 

bide and sesquicarbide phases of (U,Pu]C and precip- 

i t a t e s  of  PuSi. 

B. Current Results 

Differentiat ion of the  metallic, dicarbide, 

and sesquicarbide phases by optical  means, i . e . ,  

grain shape and precipi ta te  shape, has proved ef fec t -  



ive only with the  dicarbide phase tha t  appears as 
needle-shaped precipitates within the  grains. When 

other precipitates occur i n  conjunction with the di-  

carbide phase, it is  safe t o  assume they are sesqui- 

carbide precipitates . 
preferential  etches t o  remove metall ic precip- 
4 i t a t e s  have proved effective on 65% of the samples 

tested.  The unrel iabi l i ty  of t h i s  technique is  a t -  

t r ibuted  t o  the metall ic par t ic les  having a retain- 

ed oxide film that  prevents dissolution by the etch- 

ant. 

Diamond point microhardness tes t ing  of precip- 

i t a t e s  and the  surrounding matrix has proved ef fec t -  

ive i n  detecting the metall ic phase, since the me- 

t a l l i c  phase has lower hardness than the matrix. 

However, precipitates with higher hardness numbers 

have been reported by electron beam microprobe ex- 

amination as, P S i ,  sesquicarbides, o r  areas of 

higher-than-average density. 

Continued investigation of the microhardness 

technique and other preferential  etches revealed the 

following information : 

a. The crystal  faces of matrix grains i n  

polished and normal stain-etched specimens 

vary i n  hardness as color varies; i . e . ,  the 

faces tha t  etch darker are an average of 150 

numbers i n  hardness lower than the crys ta l  

faces that  etch lighb i n  ooler. 

b. The plutonium s i l i c i d e s  range from 100 to 

300 numbers higher i n  hardness than the  matrix 

and are comparable i n  hardness t o  sesquicar- 

bides. 

c. A preferential  etch fo r  PuSi (HF-HN03- 
5 methanol, 1 :1:3) applied a f t e r  the usual 

electro-etch (HN03-HAc, l ac t i c ,  1 :1:1) prod- 

uces a green, red, o r  orarkge coloration of the 

P S i  precipi ta tes ,  removes a l l  of the  colora- 

t ion o f  the matrix grains and does not af fec t  

the white coloration of metall ic o r  sesquicar- 

bide precipitates.  

From these observations, t he  following proce- 

-3- 
dupe w a s  developed which pennits f a s t  metallographic 

analysis : 

a. Sample of  unknown stoichiometry is etched 

with the usual e lec t ro lyte  t o  distinguish 

grain boundaries and white precipitates as 

shown i n  Figs. 11 and 12. 

Fig. 11. Hypostoichiometric (U,Pu) C. Electro-etch- 
ed, 400X. Grains and precipitates evident, micro- 
hardness (DPH 25 g and 100 g wts) of  matrix 780 t o  
900, precipitates 695 and 1100. 

Fig. 12. Hyperstoichiometric . . Pu)C. Electro- 
etched, 400X. Grains, dicarbide needles, and pre- 
c ip i ta tes  evident. Microhardness of matrix 950 t o  
1095, precipitates 1200. 

b . Precipitates are microhardness tested t o  

determine i f  metall ic phase is present o r  i f  

the  precipitates are harder than the  matrix. 

c. When harder phases are present, sample is 

re-etched with the P S i  preferent ia l  etch, as 

shown i n  Fig. 13. 

d. I f  precipitates develop a color, P S i  is 

present, and i f  they are colorless, the precip- 



i t a t e s  are  sesquicarbide. A typica l  example 

is shown i n  Fig. 14. 

Fig. 13. Hypostoichiometric (U,Pu) C. Preferential  
etch f d r  P S i ,  400X. Agglomerates of metall ic and 
PuSi pdecipi ta tes .  M = white P S i  = dark precipi-  
t a t e s .  

I 

Fig. 14. Hyperstoichiometric (U,Pu) C. Preferential  
etch f o r  PuSi, 400X. Agglomerates of M,C, and PuSi 
precipi ta tes .  M2C = white, PuSi = dar t  $recipi- 
t a t e s .  Note growtt pattern of  M,C,, which is  angu- 
l a r  when developing between dicaGbi'de p la t e l e t s  and 
less  angular when developing a t  intersections of 
M C ~  p l a t e l e t s .  

VII. EBR-I1 IRRADIATION TESTING 
(J. 0. Barner) 

A. General 

The puqose  of  these i r radia t ions  is t o  evaluL 

a te  candidate fuel/sodium/clad systems f o r  the  LMFBR 

program. In the  reference design, pe l l e t s  of single- 

phase (U,Pu)C are separated by a sodium bond from a 

cladding of Type 316 s ta in less  s t e e l  o r  other high- 

temperature alloy. Seven fuel-element t e s t s  are 

planned i n  the  i n i t i a l  group of a continuing se r i e s  

of  i r radia t ion experiments. 

The capsules are  t o  be i r radia ted  under the 

following conditions : 

1. Lineal power: 29.15 t o  30.20 kW/ft (max) . 
2. Fuel compositio~l: (U0,8Pu0.2)C, (single- 

phase, sintered,  fu l ly  enriched). 

3. Fuel density: 85% and 90% of theoretical .  

4. Smear density: 75% and 80%. 

5. Clad s ize :  0.300 in.  0.d. x 0.010 in .  wall. 

6. Fuel s ize :  0.265 in .  diam x 0.25 in.  high. 

7. Clad type: 316 SS and Hastelloy-X. 

8. Maximum clad temperature: 1250°F. 

3. Maximum l uc l  cerrtcili~re tanrpwrulula. 

2130°F. 
3 

10. Burnup : 0.22 t o  0.66 g fissioned per  cm . 
B. Current Results .-a 

The hazards report (LA-3768-MS] f o r  the irra- 
diations has been issued. 

Parts have been completed fo r  mockups neces- 

sary t o  t e s t  bonding procedures. 

V 1 1 1 .  'IWHMAL FLUX I KIWI ATIONS 
(J. 0. Barner, R. L. Cubitt, D. C. Kirkpatrick) 

A. General 

lbo environmental c e l l s  had been ins ta l led  i n  

thc Omega West Reactor (OWR) fo r  the  i r radia t ion of 

l iquid plutonium-alloy fuels.  With l i t t l e  modifi- 

cation, they w i l l  be sui table  fo r  t e s t  i r radia t ions  

of (U,Pu)C fuel  elements. 

An EBR-If mockup capsule has been designed f o r  

insert ion in  one of these ce l l s  i n  the  OWR. This 

capsule is  a shortened version of  those designed fo r  

EBR-I1 and is  intended t o  t e s t  the end clgsures and 

hold-down devices as well as t o  evaluate the high 

heat flux, sodium-bonded region of  the  capsule. 

B. CurrentResults  

One environmental c e l l  and i ts  associated in- 

strumentation and gas system were checked out t o  



prepare f o r  i r radia t ion of a capsule containing (Us 

Pu)C fuel  pe l le ts .  In order t o  investigate the  c e l l  

performance, an unfueled inser t  was ins ta l led  i n  the 

c e l l  and operated with e l ec t r i ca l  heat. Heat bal- 

ance measurements agreed with those obtained when 

the c e l l  was f i r s t  i n s t a l l ed  i n  the  reactor,  demon- 

s t r a t ing  proper c e l l  operation. Measurements made 

with helium only i n  the heat leak gas annulus indi-  

cate tha t  appropriate temperature ranges can be 

maintained fo r  the  fuel  capsule. 

When the inse r t  was withdrawn from the  ce l l ,  

some ac t iv i ty  was observed i n  deposits on the  inser t .  

One deposit was apparently sodium, and the other w a s  

black and not immediately ident i f iable .  Scrapings 

were taken from the  deposits and were gamma scanned. 

The main sources of gamma ac t iv i ty  were found t o  be 

2 2 ~ a ,  54Mn, and lB2Ta from the reactions 23~a(n,2n) 

2 2 ~ a ,  54~e(n ,p)  54Mn, and 181~a(n,y) 182~a.  Smaller 

sources were also found, but have not yet been iden- 

t i f i e d .  

Although the environmental c e l l  has not opera- 

ted  f o r  nearly a year, only small d i f f i cu l t i e s  were 

encountered, most of them due t o  instrumentation. 

On December 18, 1967, Environmental Cell #1 

was removed from the reactor. This ce l l  was in- 

s t a l l e d  i n  the reactor during April 1965 and was i n  

operation un t i l  October 1966. For the past  year, it 

was not operated and remained withdrawn from the 

core region. The removal proceeded without d i f f i -  

culty; the  maximum dose received by personnel was 

0.04 R. The ce l l  w i l l  be gamma scanned and radio- 

graphed, and then disassembled fo r  visual and metal- 

lographic examination. 

Two EBR-I1  mockup capsules have been loaded 

and are being bonded and nondestructively tested. 

The best o t  the rwo w i l l  La ~ s l c i t d  fo r  loading i n  

the t e s t  ce l l .  The capsule w i l l  operate a t  35.9 kW/ 

f t  f o r  one week i n  the OWR. 

I X .  SODIW-BOND HEAT-TRANSFER STUDIES 
(J. 0. Barner) 

A. General 

The purpose of t h i s  pmjec l  is t o  evaluate 

methods f o r  determining the effects of fuel-pin de- 

fec ts  on heat-transfer properties of the  sodium 

bond. Such defects could a r i se  i n  a nmber of ways; 

For example, a void i n  the  sod im bond could (1) be 

present before insert ion i n  the  reactor, (2) come 

from de-wetting of the  pe l l e t  due t o  change i n  com- 

posit ion as f iss ion products are formed, (3) form 

from a hot spot on the pe l l e t  and consequent local  

vaporization of the sodium, and/or (4) be produced 

frm desofbed o r  fission-product gases. Of these,  

probably the  most serious defect would be the pres- 

ence of  fission-gas bubbles i n  the  bond region. 

There appear t o  be three methods of obtaining 

the high heat fluxes necessary %or "defect analysis": 

(I)  in-pile experiments, (2) out-of-pile experiments 

u t i l i z ing  a central ,  h igh-heat - f lu  heater,  (3) out- 

of-pile experiments u t i l i z ing  an induction heat 

source with the heat flow direction reversed. 'Ihese 

three methods are  a l l  receiving consideration f o r  

use i n  sodim-bond heat-transfer studies.  

B. Current Results 

In  an e f fo r t  t o  develop instrumentation which 

w i l l  indicate the magnitude of defect ef fec ts ,  the  

s i z e  and shape of  bubbles i n  appropriate geometric 

systems a re  being investigated. Water-plexiglass- 

a i r  and water-glass-air combinations were used f o r  

the  i n i t i a l  t e s t s  t o  determine the  behavior of bub- 

b les .  The t e s t  geometry for  both cases u t i l i zed  

f l a t  p la tes  with variable gaps. The gap was varied 

from 0.0042 in .  t o  0.0105 in .  Bubbles were inserted 

with a hypodermic needle. I n i t i a l  experiments u t i -  

l ized pla tes  washed with a mild soap and rinsed i n  

d i s t i l l e d  water. The following qual i ta t ive  r e su l t s  

were observed. 

1. Water-Plexiglass-Air, 0.0105-in. Gap 

Bubbles i n i t i a l l y  inserted were approxi- 

mately circular.  After some period of time 

(1 t o  5 min), the  bubble began t o  become un- 

s t ab le  anrl n tffingertf began t o  form on the  up- 

per  surface of the  bubble which continually 

grew a t  the  expense uf Ll~e bulk or the bubble 

u n t i l  length-to-width r a t ios  of approximately 

5 t o  1 were obtained. A t  t h i s  point  (1 t o  10 

min a f t e r  formation of  the  bubbles), the whole 

bubble began t o  move upward a t  a velocity of  

about 2.25 an/min. Bubble s izes  were about 4 
3 t o  5 x rsl . Larger bubbles took l e s s  

time t o  s t a r t  moving and attained s l igh t ly  

higher veloci t ies .  

2. Water-Plexiglass-Air, 0.0065-in. Gap 

The hehavior w a s  essent ia l ly  the same fo r  

t h i s  width of gap as fo r  the  0.0105-in. gap, 



except tha t  bubble surfaces were much more ir- 

regular and the  bubbles did not reach a t e r -  

minal velocity a f t e r  having traversed 10 to  15 

an. A bubble with a volume of approximately 

5 x a n 3  did not move, while bubbles with 
3 volumes of  8 x cm did move. 

3. Water-Plexiglass-Air, 0.0042-in. Gap 

Bubbles produced i n  t h i s  gap of ten  had 

very asymmetric geometries and often l e f t  

large remnants behind once they s t a r t ed  to  

move. In  general, t h e  bubbles were d i f f i c u l t  

t o  produce and t o  evaluate. Long periods of  

time (2 t o  4 h) were required t o  produce a 

bubble close t o  the c r i t i c a l  s i z e  f o r  movement 

ilnd t b  wait f o r  i t  t o  become unstable. Bub- 
- 

&les  normally moved along exactly the same . --8 
- 4 3 .  --?path tha t  previous huhhles had taken- Rem- 

' - nants of  the same s i z e ,  shape, and location 

were normally l e f t  behind. Obviously, par t ic-  

u l a r  areas upon one o r  both of the  p la tes  had 

di f ferent  surface character is t ics  than the 

bulk of  the  areas on the  two pla tes .  These 

areas of changing surface tension allowed bub- 

b les  t o  move e i ther  eas i e r  o r  harder than 

along the r e s t  of the  p la te .  

4. Water-Glass-Air, 0.0062-in. Gap 

Bubbles i n  t h i s  system behaved s imi lar ly  

t o  bubbles i n  the  plexiglass system. ~ f t e r  

i n i t i a l  Ttfinger" formation, the  bubble moved 

upward. However, terminal ve loci t ies  i n  the  

range 5 t o  30 an/min were eas i ly  reached. For 

moving bubbles, length t o  width r a t ios  of ap- 

proximately 5 t o  13 were typical .  Moving bub- 

b les  l e f t  many remnants behind and normal bub- 

b le  paths were from remnants to  remnant, thus 

ass is t ing  movement i n  the  upward direction.  

Bubbles with length-to-width r a t ios  of greater  

than 4.5 and volumes of greater  than 3.5 x 

lo-' cm5 eas i ly  moved, while bubbles with 

smaller volumes did not form the  "fingertt and 

hence did not move. 

5. Water-Glass-Air, 0.0042-in. Gap 

Bubbles i n  th i s  system behaved s imi lar ly  

LV Lhe water-glass-wr, 0.0062-in.-gap case. 

Large asymmetric bubbles were formed which 

l e f t  many large  remnants behind as they moved. 

The above experiments revealed tha t  the  move- 

ment, shape, and s i z e  of bubbles are dependent upon 

surface inequali t ies from area t o  area on the  p la tes .  , 

Therefore, the  glass p la tes  were cleaned with a sul-  

f a t e  acid/potassium dichromate cleaning solution i n  

an e f f o r t  t o  obtain clean surfaces. The following 

resul ts  were observed: 

6. Water-Glass-Air, 0.0042-in. Gap 

Bubbles were eas i ly  formed. They moved 

readily and maintained a smooth shape which 

resembled an inverted pearshape. Typical 

length-to-width r a t ios  were 1.5. No finger 

formation was necessary o r  observed t o  i n i t i -  

a t e  movement. Typical ve loci t ies  were from 50 

t o  200 cm/min, depending upon s i ze .  Bubbles 
3 as small as 0.10 x cm moved. No reu~!lwnC:, 

were l e f t  behind as the bubble moved. 

Obviously, the surface condition determines the  

way i n  which bubbles are  fnrmed and mnvP T t  i s  

probable that  bubbes i n  a sodium-bonded fuel  element 

w i l l  behave more l ike  the  ltdirtyt1 surface types of 

b6bbles in  tho water-glass-air system due to variahle 

gaps and i r regular  surfaces. 

A computer calculation w a s  made t o  estimate 

the temperature d is t r ibut ion on cladding surfaces 

adjacent t o  bubbles i n  the  sodium bond, under the  

conditions t o  be expected i n  large LMFBR systems. 

Figures IS, 16, and 17 i l l u s t r a t e  the  geometry 11sed 

Fig. 15. Calculation model f o r  bubble i n  sodium 
Lolid problem. 

PR €he calculation and the  resul ts  a t  heat fluxes of 
6 5 2 1 x 10 and 2 x 10 Btu/h-ft . The temperature in- 

creases adjacent t o  the  bubble appear t o  be measur- 
6 2 able f o r  the 1 x 10 Btu/h-ft case. Inclusion of  

radiative Illtat t r a n s f ~ ,  which is ignored i n  t h i s  

calculation, would decrease the  depth of the temper- 

ature trwelln i n  the  clad surface temperature. Fur- 
t h e r  calculations are  being made t o  determine the  

e r ro r  tha t  can be expected due t o  heat losses from 



temperature differences of 3 ' ~  caused by heat loss 
A M O N  EuealE 

0.100 INCHES WIDE t o  the  la the  chuck jaws could be detected. 

A prototype scanner f o r  operation i n  flowing 
I x IO6 FLUX ( IWYERNAL 
HEAT GENERATIOW) sodiwn and employing induction of  the  UC fuel  is 

being designed. 

X. G A M A  SCANNING AND OTHER STUDIES 
(D. M. Holm, J. L. Parker, W. M. Sanders, 
B. M.  Moore, H. M. Ruess, W. L. Briseoe) 

A. General 

Work on improved gamma-scanning techniques con- -' 

t inues,  and equipment t o  measure short-lived f i ss ion-  

product yields from fast-neutron-induced f iss ion i n  
POSITION, INCHES plutonium is being constructed. The %e activation 

Fig' 16' Temperature perturbation caused technique for the  dete&nation of oxygen and carbon i n  sodium bond (106 ~ t u / h - f t z ) .  
in germanim and carburized s t a in le s s  s t e e l  is  

being investigated. 

B. Current Results ARGON BUBBLE 

1. Gamma Scanning of  Short-Lived Fission Products 
from Past Fission o f  Plutonium 

An automatic system has been construcsed t o  

t ransfer  plutonium samples f o r  i r radia t ion and co 

ing. The e l ec t r i ca l  relay c i r cu i t ry  f o r  the sampl 

changer is shown i n  Fig. 18, t he  main assembly is 

shown i n  Fig. 19, and a cutaway view is  shown i n  

Fig. 20. The relay logics allow three modes of op- 

eration: automatic, one-cycle, and manual. In the  

POSlTlON, INCHES 
a sample t o  be pneumatically transferred from the  

peratures (see Thermal Scanner following). b l o w  back t o  the  detection s t a t ion ,  and a signal  is  

sent t o  the  analyzing equipment t o  s t a r t  counting. 
, Thermal Scanner 

Upon termination of the counting period, the analy 
The feas ib i l i t y  of  scanning clad temperatures 

ing equipment signals the automatic sample changer 
with small sheathed thermocouples is  being investi-  

logics t o  proceed. The sample is then returned t o  
gated. If suff ic ient ly  f ine  resolution can be a- 

the  storage chamber, and the  next sample is blown 
chieved, the  s i ze  and location of  bubbles i n  bond 

toward the  i r radia t ion s ta t ion .  
sodium can be sensed by temperature measurement on 

In the one-cycle mode, the  operatidns are  alscdd 
rho coolanr s ide  of the  clad (see Figs. 16 and 17). 

sequenced automatically; however, a t  t he  end o f  a 
The scanner consists of a ser ies  of thermo- 

cycle, t he  system waits f o r  the  operator t o  s ignal  
couples mounted i n  a rotating rod in  the center of 

flowing coolant and arranged t o  l ight ly  contact the  
t h e  operator i n i t i a t e s  a l l  t h e  operations m 

clad of  an "invertedtt fuel  element; i .e . ,  clad annu: 
with push buttons. 

lar fuel being cooled by flow through the center of  
This sample t ransfer  system has been c 

the  element. A crude mockup of the  concept, elec- 

t r i c a l l y  heated and cooled by a i r ,  gave promising 
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, LARGE HOLE 

I 
SMALL H O ~  t-~w~~~~ 1 START 

INMXER 2 START 

b+ I-- ANALYZER START 

INDEXER REVERSE 

TRANSIT TIME SCALER 2 

GROUND 

Fig. 18. Elec t r ica l  relay c i r cu i t ry  fo r  automatic 
sampler changer (standard J I C  sysmbols). 

Fig. 19. Main assembly of automatic sample changer. 

ALUMINUM 
STORAGE CHAMBER -, 

STORAGE CYLINDER 

ALUMINUM 5i7AOIATlffl STATION 
\ 

MICRO SWITCH \ 

Pig. 20. Cutaway view of ai~tnmatic sample changmr. 

is  counted, the r e su l t s  w i l l  be stored i n  different  

subgroups of the analyzer as a function of time. 

The complete system is now being checked f o r  r e l i -  

ab i l i t y .  

2. 3 ~ e  Activation 

Germanium 
3 Channeling of He ions i n  single-crystal  ger- 

manium and i ts  application t o  activation analysis is 

being investigated. The crys ta l  orientat ion was de- 

termined by directing a beam of low angular diver- 

gence and edergy onto the crys ta l  and observing the 
decrease i n  counting r a t e  from Rutherford backscat- 

te red  pa r t i c l e s  as  a function o f  incident beam angle. 

Some samples were activated with the beam aligned 

along the [ I l l ]  axis  of  the  crys ta l  and others with 

the beam purposely misaligned from that  axis.  Samples 

of germanium from different  sources were analyzed, 

and typical  values of 10 ppm oxygen and 40 ppm car- 

bon were obtained. Slight  activation of the ger- 

manium was found a t  6.5 MeV and serious activation 

a t  8 and 12 MeV. Autoradiography was performed on 

some of the samples following activation t o  aid i n  

the in terpmtat ion  af the resul t s .  Resn1t.s a re  given 

i n  Table 111. 

Carburized Sta in less  Stee l  

An experiment has been performed which shows 

tha t  %e activation i n  conjunction with autoradio- 

graphy w i l l  give good measurements of both the con- 

centrat ion.  and the  concent rat ion gradient of  carbon 



Table 111 

3 Results of He Activation Analysis on Germanium 

Total Concentration 

Energy* Charge Irradiation carbont oxygen' Ratio 
Sample Date (Mew (coulomb) (min) (ppm) (ppm) C/O 

2 
*All samples were etched t o  depth of 0.55 mg/cm , reducing the actual energy a t  the 
f ina l  surface by 0.15 t o  0.20 MeV, depending on i n i t i a l  energy. 

'The estimated uncertainty i n  the  absolute concentrations i s  = 2 SO%, but the re la t ive  
uncertainty is about + 10%. 

t t~ r rad ia ted  i n  channeling direction,  but computations ignore t h i s  fac t .  

i n  s ta in less  s t ee l .  In the sample of carburized bon concentration t o  a depth of about 0.02 in.  The 

s ta inless  s t ee l  tubing shown i n  Fig. 21, the auto- black wedge a t  the  lower right of the  two autoradio- 

radiographs quali tat ively indicate an increased car- graphs is  due t o  the activation of plott ing p l a s t i c  

AUTORA~IO COORAPH 
PLATE No. 18 ' ' PLATE N0.43 $ r a a n n r  n r r n  r a e r  l 

F i g .  21. Photopraph and au fo rad ioe raphs  o f  3 ~ e - a c t i v a t e d  sample o f  c a r b u r i z e d  s t a i n l e s s  s t e e l .  



i n  the  crack i n  t h e  sample (Fig. 21). Densitometric cessing, resolution, and interpretation of the auto- 
measurements of the  autoradiographs in terpre ted  with radiographs. 

a ca l ibra t ion curve f o r  the  emulsion produce quanti- Preliminary study indicates tha t  autoradio- 
t a t i v e  measurements of the carbon gradient. Figure graphic techniques similar  t o  those used t o  deter- 

22 shows the  carbon gradient (but not the  absolute mine the carbon gradient i n  s ta in less  s t e e l  can be 

concentrations) f o r  the  sample i n  Fig. 21 as deter- a e d  t o  determine the distr ibution of copper i n  s ta in-  
mified by three  autoradiographs. l e s s  s t ee l .  For copper i n  s t ee l ,  photon activation 

64 by the reaction 65~u(yn) Cu would be used. The 

ha l f - l i f e  of 6 4 ~ u s  is 12.9 h.  Since t h i s  is much 

lo3 longer than the half-l ives of beta-emitting products 
I I I I I I I - 

of (y,n) reactions with iron,  chromium, manganese, 

1 :  and carbon, autoradiographs of the copper distr ibu- 

I - t ions can be made a f t e r  a l l  the other beta  ac t iv i t i e s  

have decayed t o  negligible levels. 

PLATE Na 18 X I .  SYNTHESIS AND FABRICATION 
(M. W. Shupe, C. A. Emery, H. G.  Moore, R. W. 
Walker, R. L. Nance, A. E. Ogardl 

A. General 

Procedures have been developed f o r  synthesiz- 

ing  and producing (U,Pu) C and (U,Pu)N pe l l e t s  f o r  

compatibility tes t ing .  Unenriched (U,Pu)C pe l l e t s  

have been produced and stored. Recently the en t i r e  

e f fo r t  has been directed towards producing only ful-  

l y  enriched U0.8Pu0.2C pe l l e t s  f o r  the  EBR-I1 i r r a -  

diat ion experiment which requires 52 pel le ts  per pin. 

The present inventory f o r  t h i s  experiment is 388 

pe l l e t s .  No e f fo r t  has been allocated f o r  prepara- 

t ion  of n i t r ide  pe l l e t s  fo r  compatibility tes t ing .  

0 B P R 4 Q B a e  m L 8 t A  Carbide pe l l e t s  are produced by t he  following 

DISTANCE tmm 1 mcthod : 

Fig. 2 2 .  Relative carbon concentrations i n  a carbu- 1. Multiple arc  melting of U, Pu, and C on a 
r ized s t a in le s s  s t e e l  sample determined by %e act- 
iva t ion and autoradiography. 60 g sca le  using a graphite electrode. 

- - -  
2. Solution treatment of the ingot. 

A program has been planned f o r  fur ther  devel- 3. Crushing and grinding i n  a WC vibratory 
opment and use of  t h i s  technique f o r  memuring the a ~ i  1 1 , f111 ltrwed by screening the resulting pow- 
carbon gradient i n  s ta in less  s t e e l .  Samples of  Type der . 
316 s t a i n l e s s  s t e e l  tubing tha t  have been carburized 

under d i f ferent  conditions w i l l  be analyzed t o  deter- 

mine the carbon gradients. Samples of low- and nor- 

mal-C&lrbOh 'l'ype 316 s t a in le s s  s t e e l  w i l l  serve as 

standards f o r  t e s t  and comparison. 

Modifications f o r  sample holders, both f o r  * 

perfoming the  i r radia t ions  and obtaining the auto- 

radiographs, have been designed and are being in- 

corporated i n  the  equipment. Tantalum f o i l s  and 

wires have been activated a t  the  Omega West Reactor. 

From these activated samples, be ta  sources w i l l  be 

made with which t o  make preliminary studies o f  pro- 

4.  Reduction of excess carbon by reaction with 

Rowing Hz. 

5. Cold compaction followed by s in ter ing i n  

flowing Ar, 

B. Current Results 

Characteristics of  the  fourteen l o t s  of pe l l e t s  

produced during t h i s  period are summarized in  Table 

IV. A t  t h i s  time evaluation of the  pe l l e t s  is not 

fu l ly  complete. However, experience t o  date indi-  

cates tha t  the MC2 and M2C3 phases are  eliminated 

from the  pe l l e t  microstructure by the H2 reduction 



Table IV 

C h a r a c t e r i s t i c s  . o f  Ful ly  Enriched UxPu C P e l l e t s  
Y Z  

D i  am 
.Lot No.' x ' -  ' y  ' z ' Quant i ty  ( i n . )  % T.D. Mic ros t ruc tu re  (1) 

6-44- 1 0.794 0.206 0.971 19 0 .261 ... MC, I 

6-44-2 0.800 0.200 0.974 17  0.260 ... MC, I 

6-45-1 0.798 0..202 . . .  17 0.260 ... MC, I 

6-47-1 0 .798 0.202 ... 1'7 0.264 90 MC 

6-47-2 0.795 0.205 0.942 17 0.264 90 MC, I 

6-53-1 0.795 0.205 0.984 17  0.267 85 MC 

6-53-2 0.798 0.202 0.988 1 h 0.265 90 MC 

6-53-3 0 .801 0.199 ... 16 0.262 ... MC, I 

6-56-1 0.795 0.205 ... 17 0.260 ... MC 

6-56-2 0.796 0.204 ... 1 8  0.267 ... ... 
6-56-3 0.799 0.201 ... 17 0.266 ... ... 

6-81-1 0.795 0.205 ... 60 0.265 . . .  MC 

(1) I i n d i c a t e s  c 0.5 vo.lume pe rcen t  impuri ty  phase con ta in ing  U, Pu, Fe, Si, and/or Cu. 

s t e p .  Of t h e  294 p e l l e t s  from l o t s  6-44-1 through being c o r r e l a t e d  wi th  -powder s i z e  d i s t r i b u t i o n s  o f  

6-77-1, a l l  have heen examined rad iograph ica l ly  and t h e s e  l o t s .  

18 were found t o  have i n t e r n a l  cracks .  Each o f  t h e  Table V 

l a s t  t h r e e  l o t s  i n  Table IV were produced by blend- 

i n g  powders from 3 s m a l l e r  l o t s  i n  o rde r  t o  improve 

d iamet ra l  c o n t r o l .  

P e l l e t  s e c t i o n s  have been examined by elecLru11 

microprobe. The smal l  amount o f  impuri ty  phase 

( <  0.5 v/oJ g e n e r a l l y  con ta ins  more p l u t o ~ ~ i u ~ ~  than 

~ ~ r a n i ~ l m ,  and always con ta ins  s i l i c o n ,  i r o n ,  and/or  

copper.  P resen t  e f f o r t s  a r e  d i r e c t e d  towards r e -  

d u c i n i  t h e  concen t ra t ions  o f  t h e s e  m e t a l l i c  impuri- 

t j e s .  As shown i n   able V, s i l i c o n  content  o f  t h e  

powder and p e l l e t  i s  in f luenced  by r e l a t i v e l y  smal l  

amounts o f  s i l i c o n  .in t h e  en r i ched  uranium mel t ing 

s t o c k .  

The p a r t i c l e  s i z e  d i s t r i b u t i o n s  o f  H2 reduced 

(U,Pu)C powders a r e  shown i n  Table  VI .' The m a s s '  

medial d iameters  o f  t h e  f i v e  l o t s  o f  rcduccd powders 

v a r i e d  from 6.4 t o  9 .5  u, while  about 70 pe rcen t  by 

wt.. o f  t h e  p a r t i c l e s  were i n  t h e  2 t o  16.5  u range. 

The p a r t i c l e  s i z e  o f  powder l o t  6-45-1 inc reased  

only  s l i g h t l y  dur ing t h e  Hz r educ t ion  t r ea tmen t .  

Therefore  s i z e  a n a l y s i s  on unreduced powders prob- , 

ably provides  a good es t ima te  o f  f i n a l  powder pa r -  

t i c l a  si 7,e rli stri h11t.i nn. P e l l e t  p r o p e r t i e s  a r e  '' 

Spectrodiemical Analysis of Enriched Uranium Melting 
Stock .&d (U,Pu) C Products 

Element Conc. (g/lOG g Pu) 
Lot 9-142-1 , Lot 5S0.1 

Melting MC Melting IrlC 
Element Stock Pel le ts  Stock ~owder") ---- 

2 < 2 3 2 

2 < 5 5 < 5 

15 < 10 15 10 

150 200 75 60 

< 50 ! < ' S O  < 50 < 50 

< 2 < 5 5 < .  5 

30 < 5 10 < 5 

3 < 10 10 < l o  

3 5 10 < 2 

70 . 60 90 95 

< 5 < 5 < 5 .  < 5  

300 , 4 0  10 < 10 

5 100 3 50 

< 25 < 10 < 25 < 10 

< 1 < 10 <' 1 < 10 

< 1 2 < 1  < 2 

< 1 2 < 2  < 2 

100 < 10 < 100 10 

(1) Pel le t  analysis not yet completed. 



Table V I  

P a r t i c l e  S ize  Dis t r ibu t ions  of  Hydrogen Treated (U,Pu)C Powders 

Maximum Size  Size (w) Greater  than 
Lot No. Mesh [u) 20 W / O  40 w/o 50 w/o 70 w/o 90 w/o . . 
6-44-1 325 (44) 16.5 9 6.7 3.6 1.9 

325 (44) 9 1 . 8  6-44-1 16.8 6.4 3.5 

6-45-1 (1) 325 (44) 16.0 8 .3  5 .9  3.1 1.5 

6-45-1 325 (44) 16.5 9 6.6 3.7 1 .9  

6-53-2 200 (74) 28") 13 9.4 4.6 2.3 

6-56-3 230 (64) 24") 13  9.5 4.9 2.2 

(1) Powder p r i o r  t o  hydrogen t reatment .  
(2) By graphical  ex t rapola t ion .  
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REACTOR PHYSICS 

Person i n  Charge: D. B. H a l l  
P r i n c i p a l  I n v e s t i g a t o r :  G. H. Best 

I. INTRODUCTION 

Basic  t o  t h e  eva lua t ion  of va r ious  f a s t  b reeder  

concepts  and proposals  a r e  t h e  a n a l y t i c a l  techni-  

ques and phys ica l  d a t a  used i r ~  t h e  analyscs .  Val id  

comparisons between d i f f e r e n t  concepts  and propo- 

s a l s  depend on minimization of d i f f e r e n c e s  i n  re- 

s u l t s  due t o  t h e  methods of a n a l y s i s .  To t h i s  end, 

t h e  Los Alamos S c i e n t i f i c  Laboratory is  cooperat ing 

wi th  o t h e r  AEC l a b o r a t o r i e s  and c o n t r a c t o r s  i n  t h e  

development of eva lua ted  c ross - sec t ion  d a t a  and 

a s s o c i a t e d  process ing codes.  This  work is c o r r e l a -  

ted  through t h e  Cross Sec t ion  Evaluat ion Working 

Group (CSEWG), which is made up of r e p r e s e n t a t i v e s  

of t h e  va r ious  o rgan iza t ions .  I n  a d d i t i o n ,  t h e  

Laboratory is  working nn t h e  development and main- 

tenance of d i g i t a l  computer programs p e r t i n e n t  t o  

t h e  nuc lea r  a n a l y s i s  of f a s t  breeder  concepts .  

F i n a l l y ,  t h e  Laboratory is eva lua t ing  t h e  pe r fo r -  

mance c h a r a c t e r i s t i c s  of va r ious  f a s t  b reeder  

r e a c t o r  concepts .  

11. CROSS-SECTION PROCUREMENT, .EVALUATION, AND 
TESTING (M. E. B a t t a t ,  LJ. J. budziak, R. J. 
LaBauve) 

A. General 

Accurate p r e d i c t i o n s  of r e a c t o r  des ign para- 

me te r s ,  such a s . c r i t i c a 1  mass, sodium worth, and 

s p e c t r a l  response,  r e q u i r e  t h e  development and 

maintenance of u p - t ~ - d a t e  b a s i c  microscopic  n u d e a r  

d a t a  f i l e s .  To meet t h i s  need, a n a t i o n a l  coopera- 

t i v e  program is  i n  progress  t o  prepare  an eva lua ted  

nuc lea r  d a t a  f i l e  (ENDFIB) . 

B. Data T e s t i n q  

Tapca 116, 115, 116, nnd 999 have been . rece ived '  

from Brookhaven Nat ional  Laboratory con ta in ing  

ENDFIB d a t a  i n  a "Category T" s t a t u s .  t h a t  i s ,  d a t a  

approved by t h e  Data Tes t ing  Subcommittee f o r  gen- 

e r a l  d i s t r i b u t i o n .  The con ten t s  and c u r r e n t  d i s -  

p o s i t i o n  of t h e  BNL t a p e s  a r e  summarized i n  Tab le  I. 

A s  received from BNL, t h e  d a t a  t a p e s  a r e  i n  "Mode 

3" -- BCD ca rd  image form. The d a t a  must be  con- 

v e r t e d  t o  a b ina ry  form -- "Mode 2" -- by t h e  code 
1 

DAMMET befo re  i t  can b e  used a s  i n p u t  t o  ETOE. 

ETOE is t h e n  used t o  w r i t e  a d a t a  t a p e  i n  a format  

s u i t a b l e  f o r  MC', . Multigroup c r o s s  s e c t i o n s  from 
2 

MC a r e  conver ted t o  t h e  DTF format by a l o c a l l y  

devised code, XSCCN. 

2 
A c o r r e c t e d  v e r s i o n  of MC is now running on 

t h e  CDC 6600. Also,' c o r r e c t i o n s  f o r  ETOE have been 

incorporated i n  our  v e r s i o n  of t h i s  code, and a 

d a t a  t a p e  was made f o r  MC' wit11 t h e  l a t e s t  ENDFIB 

(Category I )  da ta .  From t h i s  d a t a  t ape  and from 

t h e  o r i g i n a l  Argonne Natiolial  LaboraLory d a t a  t a p c ,  

16-group c r o s s  s e c t i o n s  were de r ived  f o r  t h e  Jeze-  
" 

be1 c r i t i c a l  assembly wi th  t h e  new v e r s i o n  of M C ~ .  

These c r o s s  sec t ions ,  were t h e n  used i n  t h e  DTF code 
2 

t o  c a l c u l a t e  t h e  c r i t i c a l  r a d i u s  f o r  Jezebe l .  Re- 

s u l t s  a r e  compared.,with e a r l i e r  c a l c u l a t i o n s  i n  

Table  11. 

It should be  noted t h a t  t h e  energy group s t r u c -  
2 

t u r e  used f o r  t h e  MC c a l c u l a t i o n s  is  very n e a r l y  

t h a t  of t h e  ,Hansen-Roach s e t ,  w i t h  t h e  lowest  en- 

ergy c u t  a t  0.414 eV. The exper imental  c r i t i c a l  

r a d i u s  f o r  J e z e b e l  is  6.284 cm. 

2 
With t h e  m u l t i g ~ o u p  c o n s t a n t s  generated by MC , 

problems a r e  being run t o  o b t a i n  p e r t u r b a t i o n  c r o s s  

s e c t i o n s  f o r  v a r i o u s  m a t e r i a l s  i n  Jezebe l .  Work is  

a l s o  underway t o  g e n e r a t e  mul t igroup c o n s t a n t s  f o r  

ZPR-3, Assembly 48. 



TABLE I 

Material 

H 
D 
6 ~ i  

CATEGORY I ENDFIB MATERIALS 
As of November 20, 1967 

LASL Tape No. 
Material BNL Mode 3 Mode 2 M C ~  Lib. 

No. Tape No. Tape Tape Tape 9 

115 
115 
114 
116 
114 
114 
114 
115 
114 
114 
114 
115 
114 
115 
115 
116 
114 
.l.S,5 
115 
116 
116 
114 
116 
116 
116 
999 
114 
116 
999 
114 
115 
116 
1 1 /! 

115 
115 
116 
llb 
115 
114 
114 
114 
116 
115 
115 
116 

a RSFP a Rapidly saturating fission products 
SSFP = Slowly I ,  I t  I t  

NSFP Nonsaturating ,I I, 

TABLE I1 

JEZEBEL CRITICAL RADIUS CALCULATIONS 

No. of Radius 
Cross-Section Set Groups (cm) 

Hansen-Roach 3 16 6.281 
~ussian~ 2 6 6.135 
Derived from ANL Library (MC~) 14 6.196 
Derived from ENDF/B Library (MC~) 14 6.209 

2 
With the ETOE code, an MC library taoe has - .  

been prepared for 6 ~ i ,  7 ~ i ,  Be, 'OB, '*c, Cr, Fe, - - . . . . 

235u 236u ~ 3 8 ~ ~  239pu, 24oPu, 24lpU, 
Ni, Mo, 9 , 
2 4 2 ~ ~ ,  and 23~a. The inelastic scatter transfer 

matrices for'C, Cr, and Ni are incomplete on this 

tape. For C, the inelastic secondary-energy distri- 

butions were not given in the ENDFIB tape; for Cr 

and Ni, the distributions given were not accepted 
2 by MC because of format incompati.bilities. An 

attempt is being made to remedy these deficienciec. 
. . 

C. Shicldinq 

A code to translate croqs-section data from the 

UK format to the ENDFIB format is now being debugged. 

The code, LATE (Los Alamos Translation to ENDFIB), 

reads Lhe restricted case of the 1.K. format which 

was used by Drake et for their evaluation of 

sodium. magnesium, chlorine, pntn~sillm, aa-!d aeLaium, 

It will be used to translate thece data and an eval- 

uation of silicon which Drake is now preparina. 

111. KEACTOR ANAT.YSSS METHCIDS .AND CONCEPT 
EVALUATIONS 

A. Space-Time Reactor Kinetics Codes 

1. Synthesis Method (J. C. Vigil) 

The space-time synthesis method which re- 

si11.t~ in the multimsde equations has been program- 

med for the CDC-6600 computer. The code consists 

of two separate programs, PARAS and ANCONM. PARAS 

comprltes the parameters w1.1ich appear in the multi- 

mode equations by using fluxes and currents for 

various trial functions computed with the DTF code. 

These parameters are then input to the ANCONM code, 

which solves the multimode equations by continuous 

analytic confinuation and performs the space-time 

syl~tllesis by combining the trial functions with the 

solutions to the multimode equations. 

The code is presently limited to one space 

dimension in any geometry, step reactivitv pertur- 

bation~ (in microscopic cross sections and/or atom 



densities), with no reactivity feedback. Any num- 

ber of'delayed neutron groups,are allowed. PARAS 

also c9putes the parameters required by the con- 

ventional point kinetics equations. 

One test problem has been run, with encour- 

aging results. Comparisons with point kinetics and 
6 the WIGL2 code are planned. 

2. Multienergy-Group Method ( G .  C. Ho~kinSl 

ANCONMG, a multienergy-group kinetics code, 

has been compiled and is currently undergoing minor 

revivPu~~s to reduce the computing  time^ required . 

for typical transient analyses. 

Although a detailed comparison has not yet 
7 

been made for a problem run with both ANCON and 

ANCONMG, preliminary results indicate that comput- , 

ing times for a transient run with ANCONMG are 

about five times as long as those for ANCON. This 

is principally due to two facts: 

1. Whereas ANCON solves the kinetic equations 
for one average energy group, ANCONMG ' 

solves these equations explicitly for each, 
of the energy groups specified, and 

2. Because the lifetimes in the fast groups 
are much shorter than the average lifetime; 
the time steps are also much shorter, re- 
sulting in increased computing times. 

An initial study has.shown that a six- 

energy-group analysis is not feasible with ANCONMG. 

Because very short lifetimes are associated with . 

some of the fast groups, the computing ttme require- 

ments are prohibitive for normal transient analysis. 

Therefore, a two-energy-group set of parameters is 

being.prepared for study. 

B. Preparation and Maintenance of Code Packages 
D:Mt Ca-rrn-i~b~ael, R. Ltc=Cu_bitt) 

, A code (MDTF) using some of the standard DTF 

subroutines2 has been developed to comp~ite hnmogen- 

ized cell cross sections. This code has the,advan- 

tage that for input it uses the cell DTF input deck 

intact and requires only the addition of the ceil 

fluxes. This code will be enlarged to accommodate 

perturbation calcula tinns and to obtain reactor 

performance figures, such as reaction rates for 

breeding ratio and specific power. 

C. Blanket Design Studies (M. E. Battat, R. L. 
Cubitt) 

With U-Pu-Th alloy as core fuel, preliminary 

calculations have been made to determine the effects 

of varying Pu concentrations in the blanket. Both 

metal (U-Pu-Zr) and oxide (U02) blanket materials 

were studied. 

Calculations were made with the DTF-IV neutron 

transport code2 in the S4 approximation and the 

16-group Hansen-Roach cross-section set. The geo- 

metry assumed was an infinite cylinder with either 

a 10- or 20-an-radius core surrounded by a 30-cm- 

thick blanket. A reflective outer-boundary condi- 

tion was specified, i.e., no radial leakage. For 

selected blanket 239~u concentrations in the 2 to. 

5% (of total heavy atoms) range, problems were run 

in which criticality 'was achieved by adjusting the 

core 2 3 9 ~ ~  concentration. This adjustment was made 

subject to the constraint that the sum of the heavy 

atoms -- plutonium, uranium, thorium, and fission 
products -- remained constant. The fact that, in 

some cases, the resulting relative concentrations 

of uranium, plutonium, and thorium might not con- 

stitute a practical fuel was not considered. 

With regard, to fraction of fissions which occur 

in 238~, blanket' multiplicatidn, and blanket power 

fraction, metal blankets seem more promising than 

oxide blankets. However, the oxide blanket does 

give more favorable sodium voiding effects. 

Similar calculations were made for a cure colt- 

sisting of coated particles in a uranium matrix 

.surrounded by a metal uranium blanket. Insofar as 

blanket performance' and breeding ratios are con- 

cerned, the coated-particle fuel is more attractive 

than either the metal- or oxide-blanket systems. 

However, the core sodium void coefficient for the 

coated-particle system is more positive than that . 

for either the metal- or oxide-blanket configura- 

tions with U-Pu-Th as core fuel. 
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I. INTRODUCTION being equipped with viewing ports ,  light wells, transfer 

This project i s  directed toward the examination systems,  service connections, etc. When all basic 

and comparison of the effects of neutron irradiation on equipment has been assembled, the boxes will be He 

LMFBR Program fuel materials. Irradiated materials leak tested to assure that proper seals  have been ob- 

will be examined a s  requested by the Fuels and Materi- tained. At this point the equipment is installed and cold 

a l s  Branch of DRD & T., runs will be started. 

11. FUEL CAPSULE HANDLING CAPABILITY . 
(F. J. Fitzgibbon, P. J. Peterson, A. E. Tafoya, 
J. R. Trujillo) 

Design of the cask for shipping irradiated capsules 

(in a vertical position) from EBR-I1 to LASL i s  current- 

ly being analyzed to determine if the shielding i s  ade- 

quate for 19 capsules irradiated to 100,000 MWD/T and 

with only 15 days cooling. Both depleted U and Pb a r e  

. still  being considered for the shielding material. A 

Special Task Force a t  LASL will review the final design 

for compliance with the requirements as  s e t  forth in 

chapter 0529 of the AEC Manual. . I t  i s  anticipated that 

the drawings will be submitted to the AEC for certifi- 

c i t ioo about March 1, 19G8. 

Additional tests  have been conducted for a careful 

examination of potential problem areas  in unloading, 

transferring and general remote handling i f  irradiated 

capsules. As a resul t  of these tes t s ,  modifications have 

been made to some of the handling fixtures, and addi- 

tional illumination was instdlcd to provide better view- 

ing of the unloading operations. 

III. INERT ATMOSPHERE BOXES 
(M. D. Keehn, R. F. Velkinburg) 

Five alpha boxes which were ordered for  this 
program have been received and a r e  in the process of 

The recirculating Ar purification system, having 

a capability of processing 20 SCFM with an impurity 

level of < 1 ppm H 0 or  02, was received in early - 
2 

December. All service connections and instrumentation 

have been installed on an alpha box. The pressure con- 

t rols  &d backup controls on the purifier unit have been 

checked and adjusted as reguis,ed. 

Preliminary tests indicate that the Moisture Moni- 

tor  and oxygen Analyzer a r e  performing satisfactorily. 

The operating efficiency of the system will be determined 

in the next test which involves purging the alpha box with 

Ar until the 0 concentration has decreased to - 1000 a 
ppm, a t  which time the recirculating purification unit is 

connected to the system. Several t es t s  will be conducted 

to  ascertain: the capacity of the system; the atmosphere 

purity which can be obtained; the effect of various oper- 

ations, such a s  t ransfers  into the box on atmosphere 

purity; and such other,experiments a s  may be required 

in proof tests.  

IV. M-CELL EQUIPMENT 
(G. R. Brewer, E. L. Ekberg, M. W. McCloskey, 
-G. H. Mottaz, F. H. Newbury, P. J. Peterson, 
T. Romanik) 



Inert Gas System for Transfer  Containers 

The purpose of this system is t o  l imit  the quantity 

of O2 introduced into the high purity alpha box during 

t ransfer  operations. Additional tes ts  in which the con- 

ta iners  a r e  evacuated to <ZOO p and then pressurized to 

1 ps i  of A r  before attachment to  the alpha box have been 

successfully completed. 

Removal of Cladding F r o m  Fuel 

Satisfactory tes t s  have been run  with the stripping 

fixture on unirradiated material. The success  of this 

device on removing irradiated clad will not be known 

until suitable test  material is received. 

If the fuel has swelled o r  reacted with the clad suf- 

ficiently t o  preclude use of the stripping fixture, other 

methods of clad removal  will be t r ied,  surh as slitting o r  

sectioning. A saw for  this purpose is in the fabrication 

stage. 

Dimen~ioning - Equipment 

Equipment f o r  taking dimensions of both capsules 

and pellets have been fabricated and tested. Sensitivities 

of - 0.0002 in. a r e  possible on diametral measurements 

of the capsule, and on diameter and length of the pellets. 

The p d l e t  dimensioner wdl also indicate bulged and 

dished ends a s  well a s  perpendicularity of the pellets. 

Fiss ion Gas Sampling 

The system f o r  puncturing the clad and taking @s 

samples f rom the capsules in a n  iner t  atmosphere box 

has not yet been evaluated. 

Gamma Scanning 

Design of the equipment f o r  carrying out this oper- 

ation in the hot cells is nearly complete. Fabrication is 

expected to  be completed by April 1968. 

X-ray Radiomaphy - 

The cask and t ransfer  equipment for  this operation 

are rvriloblo and appohr to  bc satisfactoly . 
Na Distillation 

'I'he distillation unit is currently being fabricated. 

A special holder f o r  the pellets was constructed which 

will s e r v e  the following functions: permit viewing of top, 

bottom and sides; s to re  the pellets in  holes f o r  identifi- 

cation; and se rve  a s  the holder during distillation of the 

Na. 

Density Measurements 

Preliminary experiments a r e  under way to deter- 

mine the densities of thermally hot pellets by using Hg a s  

the immersion medium. Both W and Ta  a r e  being con- 

sidered a s  construction material fo r  the basket. 

V. DIFFERENTIAL THERMAL ANALYSB 
(D. B. Court) 

Fabrication of the oscillator and control unit for  the 

furnace was completed. Tests  run to date indicate sat is-  

factory performance. Construction of the furnace has 

been completed; the furnace and generator a r e  being 

temporarily installed in  a "cold" a r e a  for  initial testing. 

Design work on in~hl . la t ion of L11e equipment in t h ~  hot 

cell has been finished, and detail drawings of component 

itemr. hn.vc bccn released for fdbrlcuEion. 

VI. HEAT CONTENT MEASUREMENT 
. . 

(C. E. Frantz) 

After a careful evaluation of methods for  obtaining 

heat r.nnt.~.nt m~amuremento, i t  wao con~luded  ttia1 A rem 

circulating water constant temperature bath (similar to  
1 

Ulat previosuly described) with a n  isothermal calori- 

meter located in the hot cell  was moot promising for  

remote appliuution, DCsigu of lht: b a h  system is under 

way; whereas thc design of the W mesh furnace will be 

slartud whon rcoults f rom a similar  ~111: (currently being 

fabr1ca.teci) a r e  known. A sample drop mecila~usm was 

mocked-up and successfully tested at room temperature. 

Design of the fixture for  welding the capsule remotely is 

complete and fabrication has started. Controls and 

services  fo r  the welding fixture a r e  in the design phase. 

Sufficient data have been collected to  determine 

that temperature measurements by optical pyrometry 

can be made through a P b  glass window, 32 in. thick. 

Experimental e r r o r s  k y  this method a r e  1.ess ,than o r  

equal t o  those enoountcrcd with a periscope arrangement. 

Temperature e r r o r s  appear to  he in the range of 0.25-1%. 

One of h e  chief difficulties in this method is selecting a 

section of the win.dow without flaws, which cause s u u ~ e  

optical distortion and introduce e r r o r s  in the temperature 

measurements. However, the flaws can be easily avoided 

by selecting an a rea  of the window which is f ree  of 

optical distortion. 



VII. HOT CELL METALLOGRAPHY . 
(K. A. Johnson, M. W. McCloskey) ' 

; . .  

The hot cell  metallograph and a l l  the mounting and . 

polishing equipment a r e  now fully operational. This 

equipment has al l  been tested with simul?\ed fuel materi- 

als. Metallographic capabilities have been improved t o  

the point where 12 samples per  day can be mounted and 

polished. The limit on specimen examination now will 

be  the number and types of tes ts  o r  operations that a r e  

required on the polished specimens, i. e. , hardness, 

microphotography , autoradiography , etc. 

A vacuum potting chamber has also been installed 

and tested. This new capability to pot specimens under 

v a c k i  will greatly hclp in mounting oracked, porous, 

o r  thin specimens. ! 

A Kolder for checking the quality of polish of speci- 

mens while still  in  the specimen mount holder has been 

installed and tested. This attachment allows the use of 

the hardness tester  microscope for  interim &amination 

before removing the 6 finished' specimens from the mount 

holder; . . 

vm. ANALYTICAL CHEMISTRY 
(0. R.  Simi,  J. H. Dahlby, C. S. MacDougall, 
T .  K. Marshall) 

. . 

Spectroc hemical ~ n a l y s i s  of Irradiated U-Pu Fuels 

A carrier-distillation technique has been tested in 

the analytical hot cel l  using unirradiated UC2 a s  a stand- 

in material. The sample was crushed, ignited, mixed 

with 6% Ga 0 a s  a c a r r i e r ,  and excited with a d. -c. a r c  
2 3 

in  a controlled atmosphere of 02-30% Ar . The method 
' 

was found to be applicable t o  the following impurity ele- 

ments (1nwe.r limits of dstectian are indicated h ppm); 

Be and B,  0.3; Sn and Mg, 2; Al, 5; P ,  S r ,  Ca and V, 

30; C r ,  3; F e ,  P b ,  Bi,Ni, Mo and Si, 6; Mn and Cu, 0.6; 

Cd and Zn, 20. 

A l l  nppnrntus design for  remote control opera- 

tions in  the hot cel l  worked satisfactorily. 

Testing of Microliter Pipets 

Hot cell  t e s t s  were made of commercial,  self- 

sealing, disposable micropipets, which were made of 

short lengths of precision-bore capillary glass tubing. . 

Repeated measurements were  made by weighing, filling 

and reweighing which indicated a n  overall  reproducibility 

(Id) of ~ 1 %  for  aliquoting volumes 1 and 100 p i .  This  

precision is considered good and use of this type of 

pipet for  aliquoting hot solutions is planned. 

'The Determination of Oxygen in Irradiated Fuels 

A fused silica furnace designed f o r  the application 

of an inert-gas fusion technique to determine oxygen in 

irradiated fuels was tested under simulated hot cel l  

conditions. Equipment designed for  hot cel l  operations 

such a s  pulverizing fuel pellets,  blending powders and 

pressing fuel sample and powdered graphite into pellets 

was also tested. All equipment behaved satisfactorily 

and it  is planned to use it  in the analysis of irradiated 

materials. 

The Determination of F r e e  (uncombined) Carbon 
in Carbide ~ ~ 6 1 s  

Equipment is being designed for hot cell  operation 

in the analysis of irradiated materials.  The fused s i l ica  

furnace was inadequate for the intended operation and a 

new design is now being fabricated. 

M. EXAMINATION O F  EBR-I1 DRIVER FUEL 
(K. A. Johnson, J. W. Schulte, G. R. Waterbury) 

At the request of the Division of Reactor Develop- 

ment and ~ e c h n o l o ~ ~ ,  LASL will do a n  extensive study 

on 6 irradiated EBR-II Driver Fuel Rods. 

Three unirradiated rods were received on December 

21 for  the purposes of checking in-cell equipment, dis- 

solution tes t s ,  radiography tes t s ,  etc. Additional r o d s ,  

2 unirradiated and 6 irradiated, a r e  'expected to a r r ive  

a t  LASL by January 5,  1968 

X. PROCUREMENT O F  IRRADIATED (U,Pu)02 
pm 1;s 

(J. W,  Schulte) 

Approximately 40 g of mixed oxide fuel irradiated 

to 100,000 MWD/T will be supplied by G. E. Vallecitos 

fo r  the purpose of checking out remote equipment and 

techniques. It is expected that this material will a r r ive  

a t  U S L  about January 10, 1068. 

XI. EXAMINATION O F  UNIRRADIATED FUEL 

Plastic Deformation 
. (M. Tokar ,  A. L. Gonzales) . 

~ n s t d l a t i o n  of the apparatus in  the glovebox enclosure 



i s  essentially complete. The design of this equipment 

is based on that now in use on UC-graphite composites. 
2 

It  is designed to operate under vacuum o r  under an inert 
0 

atmosphere at  a maximum temperature of 2500 C,  and 

a maximum pressure  bf 8000 psi. The specimen is 

heated by an induction coil which is powered by a 15 

KVA Motor-generator set.  This  provides the capability 

for  changing specimen temperature rapidly, which is 

desirable  in determining activation energies fo r  c reep  

by the Dorn method. 
3 

Specimens of UC have been sintered to form 1/2- 

in. diam x 1/2-in. long cylinders for  preliminary test  

of the equipment before committing i t  to  use with pluto- 

nium mater ials  . 
Thermal  Conductivity 
(K. W. R. Johnson) 

The 3M, Model TC-200 comparative type thermal , 

conductivity apparatus has been modified for use on plu- 

tonium mater ials ,  and to improve i ts  capabilities. 

A new thermocouple system has been fabricated 

and calibrated with N. B. S. melting point standards. 

The thermal  conductivity of a 1-in. diam x 1-in. 

long Inconel 702 standard specimen was measured be- 

tween 10l0 and 1212'~. In the range 1 0 1 - 7 5 0 ~ ~ ,  the 

measured thermal  conductivities were  within *2% of the 

recommended values. At 1212Oc, the conductivity was 

12% low. Presen t  efforts a r e  being directed towards 

evaluating the instrument fo r  use on 1/2-in. diam x 

1/2-in. long specimens in the high temperature ranges. 

Hot Hardness 
(K. A. Johnson, A. L t  Gonzales) 

kaAbrication ot the hot hardness instrument for 

plutonium ceramic fuel materials is complete and the 

unit has  been assembled in the cathodic-etching glovebox. 

Installation of services  should be completed in March, 

a t  which t ime the instrument will be committed for  use 

on plutonium materials.  

Vacuum Cathodic Etching 
(K. A. Johnson, A.  L. Gonzales) 
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Fabrication of the instrument is complete, and i t  

is installed in  the plutonium glovebox enclosure, Instal- 

lation of e lectr ical  and vacuum service to the enclosure 

by the c ra f t s  remains to be done. 
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I. AQUEOUS NEUTRON SOURCE 
(B. J. Thamer) 

A. General . 
One version of the Liquid Excursion Pulsed 

1 Reactor (LEPR) may be envisioned as having 0.864 

molar enriched uranyl sulfate. The desired concen- 

tration would be decided partly by the size and 

shape of the neutron pulse to be attained. The 

0.864 molar solution might furnish about 2 mig=- 

joules per liter per pulse. There would be the 

hazard.of precipitating uranium peroxide' because 

part of the fuel solution could remain below 150°C 

and the radiolytic hydrogen peroxide would not de- 

compose instantly at those temperatures. It may be 

estimated from available data that the concentration 

of generated peroxide is approximately 1 x x 

(number of joules per liter) at any point in the , 

solution, Lgnnri.ng the effect of sulfate cu~~~plex- 

ing, the precipitation of uranium peroxide can be 

represented by the equation 
. . 

u012 + H202 = U04+ + 2 H' 

for which the equilibrium'constant at room tempera- 

ture i s  nhout 300, Exoocc culfuric acid may ha 
used to repress t,he reaction in tests to render 

hydrogen peroxide soluble in 0.864 molar uranyl 

sulfate. 

When the necessary concentration of sulfuric 

acid has been ascertained then the thermal stability 

of the resulting solution should be examined. This 

may be done out-of-pile by exposing a small sample 

to a 6-joule 15-nanosecond pulse from a ruby laser. 

The laser beam is made to converge on the quartz- . ,  
, encapsulated sample by means of a lens. The vaporA 

ized and condensed solution then is centrifuged to 

one end of the capillary for comparison with its 

' original state. 

B. Current. Reslllts 

Preparations are being made to determine the 

necessary levels of sulfuric acid to prevent per- 

oxide precipitation at various temperatures. 

The laser test of thermal stability has been 

applied to 3.12 molar uranyl sulfate containing no 

excess sulfuric acid. There was no obvious'decom- 

position'of the solution. In the future the compo- 

sition of any solution under test will be determined 

by. scanning the capillary spectrophotometrically 

before and after the laser pulse. 

In addition to the above, neutron-source 

measurements with enriched uranyl sulfate solutions 

are planned. Tests will be carried out on solutions 

both with and without depletion of oxygen-17 and 

-18. 

11. H ~ G H  TEMPERATURE NEUTRON DETECTOR TEST 
(E. 0. Swickard) 

Two high temperature neutron detectors.were 

purchased from each,of three manufacturers for 

evaluation.: The d e r e c f ~ s s  have 2 3 5 ~  ~ogted elec- 
trodes with integral, mineral-insulated cables. 

Specifications required that both the detector and 

cable operate at 600°C. Test objective is the 

determination of the effect of temperature on the 

following: (1) pulse height distribution; (2) neu- 

tron counting sensitivity; (3) detector and cable 

resistance; (4) detector and cable capacitance; and 

(5) detector and cable noise. 

Detectors with their integral cables are in- 

stalled in four 17-ft high furnaces that contain a 

helium atmosphere at a few psig. Electrical heaters 



on t h e  o u t s i d e  o f  t h e  furnace tube a r e  wired so 

t h a t  those  i n  t h e  de tec tor  region and those  i n  t h e  

c a b l e  region a r e  independently c o n t r o l l a b l e .  

The i n t e g r a l  cable i s  connected t o  a preamp 

which d r i v e s  an ampl i f ie r  whose output  d r i v e s  a 

s c a l e r  and a 400-channel pu lse  height  analyzer .  

Counts a r e  taken with and without a neutron source 

j u s t  o u t s i d e  t h e  furnace i n s u l a t i o n .  Temperature 

i s  r a i s e d  a t  100°C increments. The t e s t i n g  sched- 

u l e  is .shown i n  t h e  following t a b l e .  

Temp. 
O C  

2 minute counts Measure 
0.V.- O . V .  O . V . +  R and C 

600 N X X X 
(500 h r )  n X X X X 

O . V .  = Mfr recommended operat.ing vol tage 

R = Resistance of  d e t e c t o r  and lead 

C = Capacitance of  de tec tor  and lead 

N = No source counting 

n = Neutron source counting. 

I n  a d d i t i o n  t o  t h e  t e s t i n g  schedule above, one 

d e t e c t o r  &om each manufacturer w i l l  be t e s t e d  a t  

25 and 50°C above t h e  specification'temperature of 

GOO"C,  pruvlded rhe  de tec tor  i s  i n  operable  condi- 

t i o n  a f t e r  600°C t e s t i n g .  

S t a t u s  of  t e s t i n g  i s  shown below: 

Detector  600°C 
Iden t .  25-60.0°C (500 hr )  625 and 6 5 0 ' ~  

W- 1 c u ~ ~ ~ p l e t e d  completed not scheduled 

W- 2 completed completed i.n progress  

RS-1 completed completed not scheduled 

RS-2 completed completed ' i n  progress  

GE-1 completed i n  progress  

GE-2 completed i n  progress  

A l l  s i x  de tec tors  have operated s a t i s f a c t o r i l y  

a t  600°C. One o f  t h e  s i x  became inoperable a f t e r  a 

week a t  600°C. Although a l l  t e s t s  have not been 

completed, it is concluded t h a t  a l l  th ree  manufac- 

t u r e r s  a r e  capable of supplying neutron de tec tors  

of f i s s i o n  counter type t h a t  can operate  ~ . ~ t . h  detec-  

t o r  and cab le  temperatures up t o  600°C and possibly 

t o  650°C. 

111. EQUATION OF STATE OF REACTOR FUELS 
(E. 0. Swickard) 

Fast r e a c t o r  accident  ana lys i s  requ i res  equa- 

t i o n . o f  s t a t e  f o r  f u e l  mate r ia l s  a t  high tempera- 

t u r e s .  Cur re r~ t ly  t h i s  information is  obtained by 

ex t rapola t ion  o f '  a v a i l a b l e  low temperature da ta  

using an assumed model. Results of  such an ex t ra -  

polat ion a r e  dependent on t h e  model used and t h e r e  

i s  l i t t l e  t o  i n d i c a t e  which model gi.ves cor rec t  in -  

formation. . . 

Shock t r a n s i e n t  time measurements have been 

used t o  c a l c u l a t e  mate r ia l  equation nf s ta te  f o r  

high pressures  and low temperatures. By reducing 

mater ial  dens i ty ,  t h e  same technique may be a b l e  t o  

give equation of s t a t e  o f  reac tor  f u e l  f o r  tempera- 

t u r e s  and pressures  of  i n t e r e s t  i n  reac tor  accident  

ana lys i s .  

A program i s  underway t o  i.nvest.i.gate the  f s a s i -  

b i l i t y  o f ;  (11 Fabricat ing raac tnr  file, samplot 

with a range of d e n s i t i e s  down t o  about one-fourth 

normal dens i ty .  (2) Making shock t r a n s i e n t  time 

measurements on p ~ e r i e s  o f  d i f f ~ r e n t  dcnsi,ty mntor- 

i a l  t o  f i n d  i f  t h e  method w i l l  y i e l d  equation of  

s t a t e  i n  t h e  range of  i n t e r e s t .  

The next mate r ia l  t o  be measured is  UC.  Pre- 

liminary work on prepara t ion  of low densi ty UC has 

been s t a r t e d .  Samples having d e n s i t i e s  below about 

60% of c r y s t a l l i n e  appear t o  bc d i f f i c u l t  t o  makc. 

REFERENCES 

I .  L .  D. P. King i n  Program Sta tus  Report, Weapons 
Roscnrch and Davelop1i1t.111, Parr  I ,  July 1 - 
Sept. 30, 1967, Report DIR-2103, Los Alamos 
S c i e n t i f i c  Laboratory. 



SPECIAL DISTRIBOTION 

Atomic Energy Commission, Washington General E l e c t r i c  Co., Cincinnat i ,  Ohio 

~ i v i s i o n  o f  Research V. P. Calkins 

D .  K .  Stevens General E l e c t r i c  Co., Sunnyvale, C a l i f .  

Division o f  Naval Reactors R .  .E. Skavdahl 

R. Hawthorne General E l e c t r i c  Co., KAPL 

Division of  Reactor Development and Technology W .  M .  Cashin 

Lewis J. Colby 
G. W .  Cunningham 
Donald E. Erb 
Nicholas Grossman 
Kenneth E.  Horton 
R. E .  Pahler 
J. M. Simmons (2) 
Edward E.  S i n c l a i r  
A. Van Echo 
G.  W .  Wensch 
M. J .  Whitman 
I .  F. Zartman (2)  . 

Division of  Space Nuclear Systems 

G.  K .  Dicker 
F. C. Schwenk 

Idaho Operations Office 

DeWitt Moss 

Ames Laboratory, ISU 

0 .  N .  Carlson 
W: Z.. Larsen 
M. Smutz 

Argonne National Laboratory 

Alfred Amorosi 
Frank G .  Foote 
Sherman Greenberg 
. T .  R .  Hiimphreys 
J. H .  K i t t e l  
R. E .  Macherey 
M. V. Nevi t t  

* '  
Idaho F a l l s ,  Idaho 

D. W .  Cissel  

Atomics , . In te rna t iona l  

ni  W i  Dickinson, Dircctor  
Liquid Metals Information Center 

C. P. Wobor 

Babcock .& Wilcox Co. 

C. Baroch 
J .  H. MacMillan 

B a t t e l l e  Memorial I n s t i t u t e  

Donald L .  Ke l le r  
Stan J. Paprocki 

Brookhavon National Laboratory 

D. H. Gurinsky 
C. Klamut 

Combus t i o n  Engineering, Inc.  

Gulf General Atomic Inc. 

Donald V .  Ragone 

T.daho Nuclear 

W .  C .  Francis 

I IT Research I n s t i t u t e  

R. Van Tyne 

Lawrence Radiation Laboratory 

Lco Brcwcr 
J.  S. Kane 
A. J .  Rothanm 

Mound Laboratory 

R. G. Grove 

NASA, Lewis Research Center 

. J .  J .  Lambardo 

Naval Research Laboratory 

L .  E .  S t e e l e  

Oak Ridge National Laboratory 

G. M. Adamson 
J .  E. Cunningham 
J. H .  Frye, Jr. 
C., J . McHargue 
P. P a t r i a r c a  
U .  Sisman 
M. S. Wechsler 
.T. R. Weir , 

P a c i f i c  Northwest Laboratory 

F.. W.. Albaugh 
E .  A. Evans 

P a c i f i c  Northwest ,Laboratory 

FFTF Project  

E.  n. h e l e y  
B. M .  Johnson 
D .  W. Shannon (2) 

' 
Bureau o f  Mines, Albany, Oregon 

H. Kato 

I,lni+i?d Ni.~claar Cnrp, 

Wcstinghousc Atomic Dowcr Divigion 

R .  J .  Al l io  

Westinghouse, B e t t i s  Atomic Power Laboratory 

E .  J .  Kreigh 
S. Christopher 

Donald W .  Do,uglas Laboratories 

R. L .  Andelin . .  




