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1. ABSTRACT 

J 

1 

c 

d 

The development of  s epa ra t ion  processes  f o r  t h e  transuranium elements, 

process  equipment development, HFIR t a r g e t  f a b r i c a t i o n  development, d e s i p  

of  t h e  TRU F a c i l i t y ,  design of  development f a c i l i t i e s ,  co r ros ion  s t u d i e s ,  

and a n a l y t i c a l  r e sea rch  and development s t u d i e s  are reported he re .  

Process Development. -- The p r i n c i p a l  e f f e c t  of  a lpha r a d i a t i o n  i n  

Tramex feed i s  a loss of  a c i d  a t  t h e  rate of  about 0.13 moles per  l i t e r  

p e r  day a t  a c t i v i t y  l e v e l s  of 10 w / l i t e r ,  which is  t h e  proposed ope ra t ing  

l e v e l .  Since a c i d  i n  t h e  feed must be he ld  between 0.01 and 0 .1  i n  

o r d e r  t o  o b t a i n  both a s t a b l e  feed and s u f f i c i e n t  e x t r a c t a b i l i t y  of t h e  

transplutonium elements, t h e  loss of  a c i d  by r a d i o l y s i s  means t h a t  ad- 

j u s t e d  feeds w i l l  be s t a b l e  f o r  only a few hours un le s s  a c i d  i s  replen- 

ished.  I n i t i a l  f eed  adjustments were demonstrated on a 1 t o  2 l i t e r  s c a l e  

i n  l abora to ry  glassware by simple d i s t i l l a t i o n  of  excess water and acid.  

Hydrogen c h l o r i d e  gas bubbled through 10 M, L i C l  increased t h e  a c i d i t y  t o  

equi l ibr ium va lues  of 1.35 

made t o  determine i f  some mixture of  a i r  and HC1 w i l l  g ive  the  d e s i r e d  

concentration---0.1 HC1. Careful i n v e s t i g a t i o n  of  t h e  e f f e c t  of A1C13, 

L i C 1 3 ,  and HC1 concentrat ions i n  Tramex feed on americium, europium, and 

a c i d  d i s t r i b u t i o n  c o e f f i c i e n t s  i s  i n  progress.  Concentrations must be 

very c a r e f u l l y  con t ro l l ed .  For example, t he  amer i c ium d i s t r i b u t i o n  coef- 

f i c i e n t  between 0 .6  Alamine 336*HCl--diethylbenzene and 10 M, LiC1--0.1 M, 

AlCly-0.02 M, H C l  i s  about 4 .  This  d i s t r i b u t i o n  c o e f f i c i e n t  decreased t o  

1 by e i t h e r  i nc reas ing  t h e  a c i d  concentrat ion t o  0.135 M, o r  by decreasing 

t h e  A X 1 3  p lus  L i C l  sa l t  concentrat ion t o  9 .5  N. 

at  6OoC and 0.4  M, a t  120°C. T e s t s  are being 

A c o r r e l a t i o n  has been noted between t h e  d i e l e c t r i c  constant  o f  t h e  

solvent  used t o  d i l u t e  2-ethylhexylphenylphosphonic ac id  (Z-EH(#P)A) and 

d i s t r i b u t i o n  c o e f f i c i e n t s  of americium and curium between 1 

and 1 g HC1. 

f o r  heptane d i luen t (wi th  a d i e l e c t r i c  constant  of 1 .9 ) to  3 f o r  toluene 

d i l u e n t  (with a d i e l e c t r i c  constant  of  2.4). Americium d i s t r i b u t i o n  coef- 

f i c i e n t s  w i th  t h e s e  two d i l u e n t s  were 0.37 and 0.028, r e spec t ive ly .  

2-EH(#P)A 

The cal i fornium d i s t r i b u t i o n  c o e f f i c i e n t  decreased from 45 

Complete sepa ra t ion  of  americium and cal i fornium was demonstrated i n  

a t es t  i n  which americium w a s  p r e f e r e n t i a l l y  s t r i p p e d  i n t o  1 . 9  M, HC1 from 

a column of 2-EH(@P)A adsorbed on powdered g l a s s .  
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Since aluminum i s  more so lub le  a s  t he  ac id -de f i c i en t  aluminum n i t r a t e  

than as n e u t r a l  aluminum n i t r a t e ,  s o l u b i l i t y  as a func t ion  of ac id  d e f i -  

c iency was determined. 

a c i d  def ic iency  t h e  aluminum s o l u b i l i t y  i s  increased  t o  3.64. E. A t e s t  run 

of  t h e  anion exchange americium-curium recovery process  was made wi th  simu- 

l a t e d  feed ad jus t ed  t o  2.3 M _ A l  which w a s  0.5 M, a c i d  d e f i c i e n t .  There were 

no d i f f i c u l t i e s  wi th  i r o n  p r e c i p i t a t i o n ,  and europium recovery (used as a 

s tand- in  f o r  americium-curium) w a s  noniial . 

A t  25°C the  s o l u b i l i t y  of Al(NOs)3 i s  2.5 M,. A t  0 .5  M, 

Analysis  of used r e s i n  from t h e  Building 4507 americium-curium recovery 

program ind ica t ed  r e s i d u a l  americium-curium on the  r e s i n  w a s  l e s s  than 0.1% 

of the  ma te r i a l  processed.  Large amounts of  aluminum and cons iderable  

amounts of  chromium, copper, i ron ,  n i c k e l ,  palladium, and rhodium were 

found on the  spent  r e s i n .  

Analysis  of  feed  s o l u t i o n  i n d i c a t e s  t h a t  t h e  e i g h t  plutonium-aluminum 

a l l o y  rods processed i n  Building 4507 contained between 0.45 and 0.90 ~g 

of  ca l i forn ium.  By ex t r apo la t ion ,  t he  balance of  t h e  TRU rods (which have 

been i r r a d i a t e d  lonse r )  should conta in  100 t o  150 pg of ca l i forn ium.  

Scouting tests i n d i c a t e  t h a t  i t  may be p o s s i b l e  t o  s e p a r a t e  americium 

and curium from most lan thanides  by e i t h e r  e x t r a c t i n g  t h e  l an than ides  i n t o  

quar te rnary  amines o r  sorbing them on anion exchange r e s i n  from d i l u t e  

carbonate  so lu t ions .  Group sepa ra t ion  of a c t i n i d e s  and l an than ides  i s  no t  

achieved s i n c e  t h e  heav ie r  a c t i n i d e s  have l a r g e r  d i s t r i b u t i o n  c o e f f i c i e n t s  

than the  l i g h t e r  lan thanides .  

E lu t ion  from anion exchange r e s i n  wi th  4.4 L i N O 3  gave poor c a l i -  

fornium-einsteinium-fermium sepa ra t ions  compared wi th  t h e  e x c e l l e n t  

americium-curium sepa ra t ion  repor ted  last  q u a r t e r .  This  was a r e s u l t  of 

an unexpected r e v e r s a l  i n  e l u t i o n  p o s i t i o n s  of t h e  t ranscurium elements.  

Dense, coarse  p a r t i c l e s  of PuO, were prepared by p r e c i p i t a t i n g  Pu(OH)a,  

washing, drying a t  15OoC,  and f i r i n g  a t  12OO0C. The g l a s s y  s o l i d  had a 

dens i ty  of 10.99 (96% of t h e o r e t i c a l ) ,  and most p a r t i c l e s  were 1 t o  3 mm 

i n  s i z e .  

Chemical Process  Equipment Development. -- Tantalum disconnec ts  

formed on tubing and burnished by r o l l i n g  were s a t i s f a c t o r i l y  l eak  t i g h t  
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even a f t e r  s eve ra l  makes and breaks.  

maintenance concepts and of manipulators  are i n  progress  i n  the  processing 

c e l l  mockup. Ca lcu la t ions  were made and cond i t ions  s e l e c t e d  f o r  i r r a d i a -  

t i o n  of 0.1 g and multigram q u a n t i t i e s  of Am241 i n  t h e  ORR. 

column complex w a s  e r e c t e d  t o  tes t  complete transuranium element processing 

f lowsheets .  Scrub t e s t s  with europium tracer using d ispersed  phase coa- 

l e s c e r s  a t  i n t e r v a l s  throughout t h e  s i e v e  p l a t e s  gave HETS i n  the  range of 

18 t o  30 i n .  

T e s t s  of equipment handling and 

A three-pulsed-  

Mate r i a l s  Evaluat ion S tudies .  -- P r o t e c t i v e  coa t ings  were t e s t e d  f o r  

damage by exposure t o  CoG0 gamma r a d i a t i o n  i n  a i r  and H,O a t  40 t o  5OoC. 

Polyamide cured epoxy systems exh ib i t ed  supe r io r  r a d i a t i o n  r e s i s t a n c e  

while  immersed i n  deionized water .  Some coa t ings  appeared usable  a f t e r  

4.8 x 10 r i n  water o r  6 x 10 r i n  a i r .  9 9 

' Ta rge t  Fabricat iQn Development. -- Research has  continued on develop- 

ment of va r ious  methods requi red  f o r  t he  f a b r i c a t i o n  of HFIR t a r g e t  rods.  

A method w a s  devised f o r  achieving a continuous m e t a l  ma t r ix  conta in ing  

a uniform d i spe r s ion  of 6-p-d im oxide p a r t i c l e s .  The successfu l  produc- . 

t i o n  of l a r g e  plutonium oxide p a r t i c l e s  ranging from 50 t o  100 p i n  s i z e  

w i l l  render t h e  procedure unnecessary f o r  t h e  p re sen t .  

Welding problems cont inue t o  present  themselves. Acceptable welds 

can be made, but  t h e  frequency of bad welds k70Uld not  be t o l e r a b l e .  A 

programed power supply wi th  p r e c i s e  c o n t r o l  i s  requi red  t o  achieve repro-  

duc ib le  welds. 

Several  methods are being considered f o r  producing a primary leak  

seal and f o r  ob ta in ing  t h e  requi red  s t r e n g t h  i n  t h e  end c losure .  

t h i s  q u a r t e r ,  t h e  p o s s i b i l i t y  of  using a braze j o i n t  t o  accomplish t h i s  

has  been s tud ied  wi th  encouraging r e s u l t s .  

During 

The mockup a r e a  was prepared, and i n s t a l l a t i o n  of some equipment f o r  

t he  plutonium t a r g e t  product ion was s t a r t e d .  

The work on the  des ien  of equipment f o r  t h e  TRU F a c i l i t y  continued 

on schedule.  

f o r  cons t ruc t ion .  However, because of  shortage of funds, no add i t iona l  

equipment w i l l  be b u i l t  during t h i s  f i s c a l  year .  

All t h e  major i t e m s  i n  cub ic l e  3 were designed and approved 

The most important items 
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not  y e t  being designed i n  cub ic l e  2 a r e  t h e  end-closure devices ,  c o l l a p s e  

equipment, and the  apparatus  f o r  a t t ach ing  t h e  hex can. 

i s  s t i l l  under development, and t h e r e  w i l l  be seve ra l  months delay before  

t h e  f i n a l  process  i s  se l ec t ed .  Design work on equipment f o r  cub ic l e  1 i s  

proceeding on schedule 

This  equipment 

Design Studies .  -- Design of  a l l  equipment f o r  t he  ho t  development 

f a c i l i t y  i n  c e l l  4 of Building 4507 i s  complete, and i n s t a l l a t i o n  i s  pro- 

ceeding r ap id ly .  

C e l l  p ip ing  and equipment-rack f a b r i c a t i o n  i s  proceeding on schedule. 

equipment ( tanks,  tank tops ,  f i l t e r )  t o  be tantalum p l a t e d  was f a b r i c a t e d  

and i s  ready f o r  p l a t i n g .  

A t a r g e t  d a t e  of  May 10 f o r  co ld  s t a r t u p  w a s  e s t a b l i s h e d .  

A l l  

Deta i led  design of t h e  TRU chemical processing equipment w a s  s tar ted 

i n  t h e  ORGDP Engineering Department. The i n i t i a l  work was concent ra ted  

on methods f o r  g e t t i n g  s e r v i c e  l i n e s  i n t o  t h e  cub ic l e  and tank p i t s ,  on 

t h e  hot  disconnect  we l l  and piping,  and on an i n - c e l l  sampler u n i t .  A 

dec i s ion  t o  e l imina te  a l l  Has te l loy  tubing from the  process  c e l l s  was 

made; it w a s  based on cor ros ion  d a t a  t h a t  showed t h e  s u p e r i o r i t y  of  

Zircaloy-2 over  Has te l loy  C i n  a l l  environments and on c o s t  d a t a  which 

ind ica t ed  t h a t  an a l l -Zi rca loy-2  system was probably cheaper than  a com- 

bined Zircaloy-2--Hastelloy C system. Tantalum w i l l  s t i l l  be used f o r  

high-temperature se rv i ce .  

The complete s e t  of drawings and s p e c i f i c a t i o n s  f o r  the  TRU Proces- 

The s ing  P lan t  were reviewed and approved by both ORNL and t h e  AEC-ORO. 

package should be submitted f o r  b i d s  about mid-March. Procurement by 

ORNL of  i t e m s  t o  be suppl ied  t h e  bui ld ing  c o n t r a c t o r  i s  under way. 

design of mechanical components f o r  t h e  bui ld ing  t o  be suppl ied  by OWL, 

such as t h e  conveyor, equipment t r a n s f e r  case,  and c e l l  cub ic l e  i s  pro- 

ceeding on schedule.  

The 

5 

Analy t i ca l  'Development. -- During t h i s  per iod,  n ine  methods have 

been w r i t t e n  and incorpora ted  i n t o  t h e  TRU s e c t i o n  of t h e  ORNL Master 

Ana ly t i ca l  Manual. 

e x t r a c t i o n  i n t o  TTA conta in ing  the  n i t r o  group has  been developed. 

a n a l y s i s  of spectrophotometr ic  d a t a  f o r  multicomponent systems at non- 

equi l ibr ium cond i t ions  i s  poss ib l e  using a computer code w r i t t e n  t h i s  month. 

A new method f o r  Cs137 a n a l y s i s  based on t h e  s e l e c t i v e  

Rapid 
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2 INTRODUCTION 

G r a m  q u a n t i t i e s  of transuranium elements f o r  research  uses  a r e  t o  be 

produced i n  t h e  High Flux Iso tope  Reactor (HFIR) and Transuranium Proces- 

s ing  F a c i l i t y  (TRU) being b u i l t  a t  O a k  Ridge Nat ional  Laboratory.  Pro- 

duc t ion  of t hese  elements i n  quan t i ty  w i l l  s impl i fy  research  w i t h  them 

and make it poss ib l e  t o  en large  ou r  knowledge of  t h e i r  chemistry,  s o l i d  

s t a t e  physics ,  and metal lurgy.  

duct ion of s t i l l  heav ie r  and unknown elements.  

Target  m a t e r i a l  w i l l  be provided f o r  pro- 

I so topes  of curium, berkelium, cal i fornium, einsteinium, and fermium 

w i l l  r e s u l t  from i r r a d i a t i o n  i n  t h e  HFIR of  Pu2Ls2 and of  a mixture of 

Am243 with Cm244. 

i r r a d i a t i o n  of 10-kg batches of Pu239 i n  a Savannah River r eac to r .  

i r r a d i a t e d  P u * ~ '  w i l l  be processed a t  Savannah River t o  recover  t h e  Pu 

a s  decontaminated PuO, and the  americium-curium a s  a s o l u t i o n  conta in ing  

about 3 kg of  r a r e  e a r t h  f i s s i o n  products .  The r a r e  e a r t h s  w i l l  be r e -  

moved from t h e  arnericium-curium and t h e  a c t i n i d e  oxides  f a b r i c a t e d  i n t o  

HFIR t a r g e t s  i n  t h e  TRU F a c i l i t y .  Also i n  the  TRU F a c i l i t y  the  i r r a d i a t e d  

HFIR t a r g e t s  w i l l  be processed t o  recover  the  heavy elements f o r  research  

uses ,  and the  recovered curium i so topes  w i l l  be r e f a b r i c a t e d  i n t o  HFIR 

t a r g e t s  . 

These feed materials a r e  being produced by long-term 

The 
242 

Progress  r e p o r t s  a r e  included on the  development of s epa ra t ion  pro- 

ces ses  f o r  t he  transuranium elements,  process  equipment development, HFIR 

t a r g e t  f a b r i c a t i o n  development, design of t he  TRU Processing P lan t ,  

cor ros ion  s t u d i e s  and a n a l y t i c a l  research  and development. This  work 

w a s  perfonned by the  Chemical Technology, Metals and Ceramics, Engineer- 

ing and Mechanical, Analy t ica l  Chemistry, and Reactor Chemistry Div is ions  

of Oak Ridge Nat ional  Laboratory, and the  General Engineering Department 

of t he  Oalc Ridge Gaseous Diffusion P lan t .  

Previous r e p o r t s  i n  t h i s  s e r i e s  a re :  

1. For per iod  ending February 28, 1962 - ORNL-3290. 

2.  For per iod  ending August 31, 1962 - ORNL-3375. 

3 .  For per iod  ending November 30, 1962 - ORNL-3408. 
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3. PROCESS DEVELOPMENT 

R. E. Leuze R. D. Baybarz J. E. Bigelow 
S. R. Buxton M. H. Lloyd 

3.1 Tramex Process  Development 

I n  the  Tramex process ,  s epa ra t ion  of a c t i n i d e  and lan thanide  elements 

i s  achieved by e x t r a c t i o n  of t h e  a c t i n i d e s  i n t o  t e r t i a r y  amines from con- 

cen t r a t ed ,  low ac id ,  L i C l  so lu t ions .  Tramex process  development s t u d i e s  

during t h e  r epor t  per iod  included t h e  e f f e c t  of a lpha r a d i a t i o n  on feed  

s t a b i l i t y ,  methods of feed  adjustment,  and t h e  e f f e c t  of a c i d  and sa l t  

concent ra t ion  on d i s t r i b u t i o n  c o e f f i c i e n t s .  I n  a sense these  are a l l  

i n t e r r e l a t e d .  

o rde r  t o  o b t a i n  a s t a b l e  feed  and high d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  t h e  

t ransplutonium elements.  The p r i n c i p a l  e f f e c t  of a lpha  r a d i a t i o n  i n  t h e  

feed  i s  a l o s s  of a c i d  a t  the  rate of about 0.18 moles p e r  l i t e r  pe r  day 

a t  a c t i v i t y  l e v e l s  of 10 w / l i t e r .  

c r ease  the  sal t  concent ra t ion  t o  about 10 g L i C l  and reduce t h e  a c i d  t o  

l e s s  than 0.1 

r a d i o l y s i s  i s  needed i n  o r d e r  t o  prevent  hydroxide p r e c i p i t a t i o n  of metal  

c a t i o n s .  

few hours.  

Acid i n  t h e  feed  must be h e l d  between 0.01 and 0.1 M, i n  

Feed adjustment i s  necessary t o  in -  

HC1. A method of cont inuously rep lac ing  a c i d  l o s t  by 

Without ac id  replenishment,  ad jus t ed  f eed  i s  s t a b l e  f o r  on ly  a 

3.1.1 E f f e c t  of Alpha Radiat ion on Tramex Feed 

I n v e s t i g a t i o n  of  ac id  loss from Tramex feed  by r a d i o l y s i s  was con- 

t inued .  

from 2.0 t o  2.6 w of Cm242 a lpha  a c t i v i t y  per  l i t e r .  Acid- loss  G va lues  

were approximately LO t o  20 molecules per  100 ev f o r  a c i d  concen t r a t ions  

between 0.4  and 1.0 PI, and 2.0 t o  2.2 f o r  a c i d  concent ra t ions  less than 

0.4 M,. 
t h e  a c i d  concent ra t ion  must be l e s s  than 0.1 M_, but  a small  amount of a c i d  

i s  necessary t o  prevent  p r e c i p i t a t i o n  of metal  hydroxides.  Since a G va lue  

of 2 corresponds t o  an a c i d  loss of 0.18 mole pe r  l i t e r  per  day f o r  feed 

conta in ing  10 w/liter, which is  t h e  proposed ope ra t ing  l e v e l ,  ad jus t ed  

feeds  w i l l  be s t a b l e  f o r  l e s s  than a day un le s s  a c i d  i s  rep len ished .  

Tes t s  were made wi th  s y n t h e t i c  f eeds  of 10 M, L i C l  conta in ing  

I n  o rde r  t o  o b t a i n  s a t i s f a c t o r y  a c t i n i d e  d i s t r i b u t i o n  c o e f f i c i e n t s ,  

Three s y n t h e t i c  feed  s o l u t i o n s  of 10 M, L i C l  conta in ing  approximately 

were prepared.  Because of 242 1 M, HC1 and 2.0, 2.4, and 2.6 w / l i t e r  of Cm 
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i 

t h e  l i m i t e d  a v a i l a b i l i t y  of Cm242, t h e  s o l u t i o n  volumes were only 1 t o  

2 m l .  These so lu t ions ,  kept  a t  room temperature and vented t o  t h e  atmos- 

phere, were analyzed each day f o r  a c i d i t y  and alpha a c t i v i t y .  

concent ra t ions  were normalized t o  cons tan t  a c t i v i t y  concent ra t ion  t o  

a d j u s t  f o r  small volume changes caused by evaporat ion and r a d i o l y s i s .  

The a c i d  

Resu l t s  of t h e  experiment a t  2.6 w / l i t e r  a r e  shown i n  Fig.  1. Re- 

s u l t s  of t h e  o t h e r  two t e s t s  were similar. The i n i t i a l  rate of a c i d  loss 

corresponded t o  large G va lues  of 10 to  20. La ter ,  a t  a c i d i t i e s  below 

0 . 4  E, G va lues  were 2.0 t o  2.2. The s o l u t i o n s  became a c i d  d e f i c i e n t  and 

metal  hydroxides, inc luding  curium, p r e c i p i t a t e d .  Prel iminary ana lys i s  

of t he  r a d i o l y t i c  gas  ind ica t ed  t h e  presence of ch lo r ide  and an unusual ly  

h i zh  hydrogen-to-oxygen r a t i o  of  about 6 t o  1. 

These i n v e s t i g a t i o n s  w i l l  cont inue wi th  emphasis upon determinat ion 

of t he  ac id - los s  mechanism and methods t o  reduce t h e  amount of a c i d  l o s s .  

Future  work w i l l  be done with l a r g e r  volumes of so lu t ion  at h igher  a c t i v i t y  

l e v e l s  i n  o rde r  t o  improve the  accuracy of t h e  da t a .  

3 . 1 . 2  Tramex Feed-Adjustment S tudies  

Addit ional  tests on a 1 t o  2 l i t e r  s c a l e  i n  labora tory  glassware 

were made i n  o rde r  t o  demonstrate t h e  f e a s i b i l i t y  of feed  adjustment by 

simply d i s t i l l i n g  o f f  excess  water and ac id .  Solu t ions  of 2 2 H C 1  con- 

t a i n i n g  varying amounts of L i C l  and A l C l s  were d i s t i l l e d  t o  sal t  concen- 

t r a t i o n s  of 4 t o  10 M, L i C l  and 0.2 t o  0.5 g A l C 1 3 .  

approximate concent ra t ion  of t he  r e s i d u a l  HC1 as a func t ion  of  t he  f i n a l  

t o t a l  L i C l  p l u s  A l C l 3  s a l t  concent ra t ion .  Maximum sal t  concent ra t ions  

t h a t  can be obta ined  without incur r ing  so lu t ion  i n s t a b i l i t i e s  were a l s o  

determined. The fol lowing sa l t  concent ra t ions  were obta ined  by t h i s  

me tho d : 

Figure 2 shows the  

L i c l  

10 

9 

8 

A l C l y  O 

0.2 

0.4 

0.5 

Since Tramex feed  w i l l  l o s e  a c i d  by r a d i o l y s i s ,  it w i l l  be necessary 

t o  r ep len i sh  t h i s  a c i d  i n  some manner t o  prevent p r e c i p i t a t i o n  of aluminum 
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TOTAL LiCI-PLUS-AIC13 CONCENTRATION (chloride normality) 

Fig. 2 .  Residual Free Acid i n  Mixed LiCl-AlC13 Solutions at the 
Boiling Point. 
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and a c t i n i d e  hydroxides.  

introduce HC1 without  d i l u t i n g  t h e  feed.  Unfortunately,  equ i l ib r ium a c i d  

concent ra t ions  when pure HC1 w a s  used were found t o  be 1.35 M, a t  6OoC and 

0.4 M, a t  12OoC,  both too h igh  f o r  s a t i s f a c t o r y  e x t r a c t i o n .  

Bubbling HC1 gas  through an ad jus t ed  feed  w i l l  

Di lu ted  HC1 gas  bubbled through t h e  feed  w i l l  a d j u s t  t h e  a c i d i t y  t o  

t h e  des i r ed  va lue  i f  t h e  HC1 pa r t i a l  pressure  i n  t h e  gas  is  equal  t o  the  

HC1 vapor p re s su re  over  t h e  feed.  

of HC1 over  10 M, L i C l  conta in ing  up t o  0 .1  M, HC1 has  been s t a r t e d .  

t h e  vapor p re s su re  i s  very  low, t h e  volume of mixed gas  necessary t o  re- 

p l ace  a c i d  l o s t  by r a d i o l y s i s  may be too l a r g e  f o r  p r a c t i c a l  app l i ca t ion .  

Work t o  determine t h e  vapor p re s su re  

I f  

3.1.3 E f f e c t  of S a l t  and Acid Concentrat ion i n  Trarnex Feed on Ex t rac t ion  

D i f f i c u l t i e s  have been noted i n  t h e  Tramex system wi th  dup l i ca t ing  

distribution-coefficient da ta .  The c o e f f i c i e n t s  change r a p i d l y  wi th  small 

v a r i a t i o n s  i n  a c i d  o r  sa l t  concent ra t ion ,  and t h e  a n a l y s i s  of f eeds  wi th  

the  necessary degree of p r e c i s i o n  i s  q u i t e  d i f f i c u l t .  

g a t i o n  of t h e s e  v a r i a b l e s  i s  being made t o  a i d  i n  understanding t h e  system 

A c a r e f u l  i n v e s t i -  

and t o  develop methods f o r  determining when a c t u a l  Tramex feeds  a r e  satis-  

f a c t o r i l y  ad jus ted .  Since i t  was found t h a t  t h e  hydrochlor ide salt  of 

Alamine 336 e x t r a c t s  HC1 from the  aqueous phase, d i s t r i b u t i o n  c o e f f i c i e n t s  

were determined f o r  HC1 between t h e  hydrochlor ide salt of 0.6 MAlamine 

336 i n  diethylbenzene and f eeds  conta in ing  9, 10, and 11 M, L i C l  over  an 

ac id  range of 0.01 t o  2.0 E. 

With wel l -charac te r ized  feeds ,  d i s t r i b u t i o n  c o e f f i c i e n t s  were a l s o  

determined f o r  americium and europium over  t h e  above range a s  a func t ion  

of a c i d  concent ra t ion .  The amount of  a c i d  e x t r a c t e d  by t h e  HC1 sa l t  of  

Alarnine 336 from feeds  conta in ing  9, 10, and 11 M, L i C l  and from a c i d  

s o l u t i o n  only  i s  shown i n  Fig.  3. I n  Fig.  4 t h e  HC1 d i s t r i b u t i o n  coef-  

f i c i e n t s  a r e  p l o t t e d  on a logar i thmic  s c a l e  aga ins t  t he  a c i d  concentra- 

t i o n  i n  t h e  o rgan ic  phase. S t r a i g h t - l i n e  parallel  func t ions  were obta ined  

f o r  9, 10, and 11 M, L i C l  below o rgan ic  ac id  concent ra t ions  of a b o u t  0 .3  E. 
D i s t r i b u t i o n  c o e f f i c i e n t s  appear t o  vary  r e g u l a r l y  wi th  both a c i d  and 

sa l t  concent ra t ion .  Resu l t s  were similar when americium and europium 

d i s t r i b u t i o n  c o e f f i c i e n t s  were measured and p l o t t e d  i n  t h e  same manner 

(Figs .  5 and 6) .  Americium d i s t r i b u t i o n  c o e f f i c i e n t s  w e r e  ob ta ined  f o r  

i 
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UNCLASSIFIED 
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Fig. 4 .  Distribution Coefficients for HC1 between the HC1 Salt 
of 0.6 M, Alamine 336 and LiCl Feeds. 
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10 L i C l  f eed  containing 0.15 g A l C 1 3  as w e l l  as f o r  9, 10, and 11 M, 
L i C l  f eeds .  The p o s i t i o n  of t h e  10 M, LiC1--0.15 g A l C 1 3  curve (Fig. 5) 

demonstrates t h a t  t h e r e  i s  almost no d i f f e r e n c e  between t h e  s a l t i n g  

s t r e n g t h  of  L i C l  and A l C 1 3  when norma l i t i e s  a r e  compared. 

I n  o r d e r  t o  determine the  p r e c i s i o n  wi th  which feeds can be dupl i -  

ca t ed  and d i s t r i b u t i o n  c o e f f i c i e n t s  can be determined by t h e  methods em- 

ployed i n  t h i s  study, t he  series containin2 0.15 M, A l C 1 3  was dup l i ca t ed  

s t a r t i n g  with new feeds .  L i s t ed  below are americium d i s t r i b u t i o n  coef- 

f i c i e n t s  obtained and a c i d  a n a l y s i s  of t h e  organic  phase f o r  t he  two sets 

of  da t a :  

HC1 Organic Phase 
Se t  No. 1 Set  No. 2 

0.042 M, 0.043 M, 

0.086 M, 0.081 E 
0.124 M, 0.125 M, 

0.156 M, 0.156 M, 

0 EA f o r  Americium 
Set  No. 1 Set  No. 2 

L!. . 2 7 3'. 87 

2.58 2.44 

1.65 1.60 

1.15 1.06 

I n  o r d e r  t o  o b t a i n  t h i s  degree of r e p r o d u c i b i l i t y ,  s y n t h e t i c  f eed  solu- 

t i o n s  were c a r e f u l l y  prepared by volumetric combinations of 1 rJ. HC1 

s o l u t i o n  and s a t u r a t e d  s o l u t i o n s  of A l C 1 3  and L i C 1 .  Numerous analyses  

have demonstrated t h a t  s a t u r a t e d  L i C l  i s  13.85 M, and s a t u r a t e d  A l C 1 3  i s  

3.05 M, a t  25°C. 

t i t r a t i o n  curves of  t h e  solvent  dissolved i n  acetone. Reproducibi l i ty  of 

t h i s  method i s  about +-0.002 M, acid.  

americium i n d i c a t e s  t h a t  measurements made by counting are less accurate  

than those made by organic-acid analyses  f o r  a s i n g l e  sample. 

Organic-acid analyses  were made by p l o t t i n g  pH-vs-caustic 

D i s t r i b u t i o n  c o e f f i c i e n t  d a t a  f o r  

Considerable scatter w a s  obtained f o r  europium d i s t r i b u t i o n  c o e f f i -  

c i e n t  d a t a  f o r  9 and 10 M, LiC1.  Th i s  i s  apparent ly  due t o  lack of  pre- 

c i s i o n  when counting a t  t h e  low a c t i v i t y  l e v e l s  used. 

probable va lues  are shown. 

d a t a  f o r  11 E L i C l  and wi th  americium data .  

Curves i n d i c a t i n g  

These were drawn by comparison with europium 

The degree of  p r e c i s i o n  necessary f o r  Tramex-feed adjustments i s  

apparent from t h e s e  da t a .  

10 M, LiC1, 0 .1  M, A l C 1 3 ,  and 0.02 M, HC1, g iving an americium d i s t r i b u t i o n  

For example, proposed Tramex feed w i l l  con ta in  

. 
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c o e f f i c i e n t  of  about 4. Data given i n  Fig.  5 i n d i c a t e s  t h a t  t h e  ameri- 

cium d i s t r i b u t i o n  c o e f f i c i e n t  w i l l  be decreased t o  1 by e i t h e r  i nc reas ing  

t h e  a c i d  concen t r a t ion  t o  0.135 M, o r  by decreasing t h e  sal t  concen t r a t ion  

t o  9.5 g. 

3.2 Separat ion of  Transplutonium Elements i n t o  Two F r a c t i o n s  
i n  t h e  Phosphonate System 

A process' based upon e x t r a c t i o n  o f  transcurium elements from 1.0 M, 

HC1 i n t o  1 .O M, 2-ethylhexylphenylphosphonic a c i d  [Z-EH(#P)A] i n  d i e t h y l -  

benzene has  been developed f o r  s epa ra t ing  transplutonium elements i n t o  an 

americium-curium f r a c t i o n  and a transcurium f r a c t i o n .  During t h i s  r e p o r t  

pe r iod  tests were made t o  show t h e  e f f e c t  of  v a r i o u s  d i l u e n t s  on americium 

and ca l i fo rn ium e x t r a c t i o n .  Separat ion of americium-californium was demon- 

s t r a t e d  by p r e f e r e n t i a l  e l u t i o n  of  americium from 2-EH(fiP)A sorbed on a 

column of powdered g l a s s .  

3.2.1 E f f e c t  of  Diluent on Americium and Californium E x t r a c t i o n  

Americium and ca l i fo rn ium e x t r a c t i o n  i s  g r e a t l y  dependent upon t h e  

solvent  used t o  d i l u t e  t h e  2-EH(@P)A. 

1 M, HC1 and 1 M, 2-EH(@P)A decreased sha rp ly  as d i l u e n t s  o f  g r e a t e r  p o l a r i t y  

were used (Fig.  7 ) .  The ca l i fo rn ium d i s t r i b u t i o n  c o e f f i c i e n t  decreased 

from 45 f o r  heptane d i l u e n t  ( d i e l e c t r i c  cons t an t  of  1.9) t o  3 f o r  t o luene  

d i l u e n t  ( d i e l e c t r i c  constant  of 2.4) .  A m e r i c i u m  d i s t r i b u t i o n  c o e f f i c i e n t s  

with t h e s e  two d i l u e n t s  were 0.37 and 0.028, r e s p e c t i v e l y .  I n  a similar 

manner, t h e  a d d i t i o n  of o c t y l  a l coho l2  ( d i e l e c t r i c  cons t an t  about 10) o r  

t r i bu ty lphospha te  ( d i e l e c t r i c  constant  of  7.9) t o  t h e  so lven t  decreases  

t h e  d i s t r i b u t i o n  c o e f f i c i e n t 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  between 

.'It i s  be l i eved  t h a t  t h e  more p o l a r  d i l u e n t s  compete wi th  2-EH(fdP)A 

dimer formation by hydrogen bonding and thus  decrease t h e  e f f e c t i v e  

D. E. Ferguson, Transuranium Quar. Prop. Rep. f o r  Pe r iod  Ending 1 
Feb. 28, 1962, p 5, ORNL-3290 (June 6, 1962). 

R. D. Baybarz, Separat ion of Transplutonium Elements by Phosphonate 2 

Ex t rac t ion ,  ORNL-3273 ( Ju ly  20, 1962). 

r 
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concen t r a t ion  of  t h e  2-EH(@P)A dimer. 

e x t r a c t i o n  involves  hydrogen bonding with t h r e e  dimers, t h e  presence of 

p o l a r  d i l u e n t s  r e s u l t s  i n  less e x t r a c t i o n  of  t h e  a c t i n i d e s .  

Since t h e  mechanism of a c t i n i d e  

3.2.2 Californium-Americium Separat ion by P r e f e r e n t i a l  S t r i p p i n g  from a 
Column of 2-ethylhexylphenylphosphonic Acid on Powdered Glass 

Complete s e p a r a t i o n  of  americium and ca l i fo rn ium was demonstrated i n  

a test  t h a t  used p r e f e r e n t i a l  s t r i p p i n g  from 2-EHMP)A i n t o  1 .9  M, HC1. 

A column of  2-EH(@P)A adsorbed on powdered Vycor g l a s s  w a s  used, and 

ope ra t ions  were s i m i l a r  t o  t hose  used f o r  i on  exchange r e s i n  columns. 

Vycor g l a s s  powder (100 t o  200 mesh) w a s  s l u r r i e d  i n  2-EH(@P)A. The 

g l a s s  w a s  f i l t e r e d  t o  remove excess solvent  and then placed i n  a column 

10 cm high by 0.15 cm2 i n  c r o s s  sec t ion .  

t a i n i n g  ca l i fo rn ium and americium tracer was passed through t h e  column a t  

8OoC. The column was washed wi th  1.9 M H C 1  u n t i l  a l l  t h e  americium was 

e lu t ed .  The ca l i fo rn ium was subsequently s t r i p p e d  from t h e  column w i t h  

6 M, HC1. 

curves  i n  Fig. 8. 

A small volume o f  1.9 M, H C l  con- 

Excel lent  s e p a r a t i o n  w a s  obtained,  as shown by t h e  e l u t i o n  

3 .3  Laboratory Support of  Americium-Curium Recovery from 
TRU Rods i n  Building 4507 

242 Eight  plutonium-aluminum a l l o y  rods i r r a d i a t e d  t o  produce Pu , 
Am243, and Cm244 fo r  HFIR t a r g e t s  have been processed by anion exchange 

i n  c e l l  1, Building 4507. Laboratory work i n  support  of  t h i s  program 

included s t u d i e s  of  t h e  e f f e c t  of a c i d  de f i c i ency  on aluminum n i t r a t e  

s o l u b i l i t y  and on t h e  anion exchange process  f o r  americium-curium recovery. 

The r e s i n  used i n  ce l l  1 processing w a s  analyzed f o r  r e s i d u a l  americium- 

curium and o t h e r  metal ions.  

3.3 .1  S o l u b i l i t y  o f  Acid-Deficient Aluminum Nitrate 

Aluminum concen t r a t ions  nea r  s o l u b i l i t y  l i m i t s  are r equ i r ed  f o r  satis- 

f a c t o r y  americium-curium recovery from plutonium r a f f i n a t e .  Since increased . 

aluminum s o l u b i l i t y  can be obtained wi th  ac id -de f i c i en t  aluminum n i t r a t e ,  

s o l u b i l i t y  as a func t ion  of  a c i d  de f i c i ency  was determined. S o l u b i l i t y  

d a t a  ob ta ined  by mixing A l ( N O 3 ) s  and d i b a s i c  aluminum n i t r a t e  s o l u t i o n s  

are p l o t t e d  i n  Fig.  9. 

D. F. Peppard, G. W. Mason, I. Hucher, J. Inorg.  Nucl. Chem. l8, 3 

245 (1961). 

L 
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Fig. 8. Americium and Californium Elution Curves from a Column of 
2-ethylhexylphenylphosphonic Acid on Powdered Glass. 
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3.3.2 E f f e c t  of  Acid-Deficient Al(N0-,)3 on t h e  Americium-Curium 
Recovery Process 

A l abora to ry  t e s t  run was made on a column o f  50- t o  100-mesh 

Dowex 1-XlO r e s i n  a t  60°C t o  i n v e s t i g a t e  iron-loading c h a r a c t e r i s t i c s  

from ac id -de f i c i en t  A l ( N O 3 ) s  feed. The f eed  contained 2.8 A l ( N O z ) 3  

which was 0.5 M, a c i d  d e f i c i e n t ,  2 g of  i r o n  p e r  l i t e r ,  0.5 g of  rare 

e a r t h s  per  l i t e r ,  and europium tracer. 

I r o n  d i d  no t  load o r  p r e c i p i t a t e  on t h e  column, and only 0.8% w a s  
7 

found i n  t h e  product c u t .  Europium recovery was 84%, which is  about 

normal f o r  f eed  of t h i s  aluminum concentrat ion.  

3 . 3 . 3  Analysis of Used Resin from Cel l  1 Processing 

Resin used i n  t h e  americium-curium recovery program was examined 

t o  determine p o s s i b l e  contaminants t h a t  might i n t e r f e r e  with a c t i n i d e  

loading o r  e l u t i o n  behavior. Two r e s i n  samples were obtained: No. 1 

was very dark r e s i n  from the  top  of t h e  column, and No. 2 w a s  l i g h t e r  

r e s i n  from t h e  lower p o r t i o n  of t h e  column. Each r e s i n  sample was 

t r e a t e d  w i t h  successive leaches of  water, 6 M, HC1, 1 2  M, HC1, and aqua 

r eg ia .  Metal c a t i o n s  removed from t h e  r e s i n  were determined by s e m i -  

q u a n t i t a t i v e  spectrographic  a n a l y s i s  of each leach. The impur i t i e s  

c a l c u l a t e d  as grams on t h e  e n t i r e  8 l i t e r s  o f  r e s i n  are as follows: 

A 1  

C a  

C r  

cu 
Fe 

N i  

Pd 

Rh 

Resin No. 1 

48- 240 

a.1 

1 . 2 - 2 . 0  

0.8-2.0 

0.8-1.6 

0.1-1.4 

0.16-1.6 

0.12-1.2 

Resin No. 2 

52-250 

a.1 

0.6-1.0 

0.4-1.0 

0.4-1.0 

0 

0.1-1 .o 
0.1-0.6 

Most of  t h e  aluminum, i ron,  chromium, and n i c k e l  was found i n  t h e  

water leach. 

leaches.  No a d d i t i o n a l  impur i t i e s  were found i n  the  aqua r e g i a  leaches.  

Gamma scans of t h e  leach s o l u t i o n s  were obtained,  and ruthenium was t h e  

only d e t e c t a b l e  a c t i v i t y .  

Palladium and rhodium were found only i n  t h e  12 M, HC1 
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P a r t  of  each o r i g i n a l  r e s i n  sample was d i s so lved  i n  a l k a l i n e  per- 

Almost com- manganate s o l u t i o n  and analyzed f o r  americium and curium. 

p l e t e  e l u t i o n  had been obtained during cel l -1  ope ra t ion  s i n c e  t h e  alpha 

counts on t h e  e n t i r e  r e s i n  column were equivalent  t o  less than 0.1% of 

t h e  americium and curium processed. Attempts t o  determine trace impuri- 

t ies  i n  t h e s e  s o l u t i o n s  by spectrographic  a n a l y s i s  were unsuccessful  

because of  potassium and manganese i n t e r f e r e n c e .  

3.4 Californium Content of TRU Rods 

Analysis of f eed  s o l u t i o n  i n d i c a t e s  t h a t  t h e  e i g h t  Pu-A1 a l l o y  rods 

processed i n  c e l l  1, Building 4507, contained between 0.45 and 0.90 pg 

of cal i fornium. By ex t r apo la t ion ,  t h i s  i n d i c a t e s  t h a t  t h e  balance of  t h e  

TRU rods (which have been i r r a d i a t e d  longer) con ta in  100 t o  150 pg of  

c a1 i f  o rnium. 

3.4.1 Ion Exchange Separat ion of Transplutonium Elements from C e l l - 1  Feed 

Three ind iv idua l  runs were made i n  o r d e r  t o  s e p a r a t e  and p u r i f y  t h e  

transplutonium elements from samples taken wh i l e  processing i r r a d i a t e d  

plutonium-aluminum al-loy i n  ce l l  1, Building 4507. 

decontaminate a sample of  t h e  transplutonium elements s u f f i c i e n t l y  so t h a t  

glove-box procedures could be used t o  determine t h e  ca l i fo rn ium content .  

The o b j e c t i v e  was t o  

The f i r s t  two samples (runs CF-1 and -2) were available i n  t h e  form 

A1(NO3)3  s o l u t i o n  containing about lo9 alpha counts  of  a 7 M, HNO3--0.5 
per  minute pe r  m i l l i l i t e r  (roughly 0.03 w / l i t e r ) .  

by a two-step anion exchange process  with Dowex 1-XlO r e s i n ,  100 t o  200 

mesh. The columns were 25-ml polystyrene b u r e t t e s ,  one o f  them j acke ted  

f o r  a w a t e r  bath he ld  a t  8OoC. The volume of t h e  r e s i n  bed w a s  10 m l .  

The o v e r a l l  f lowsheet i s  given i n  Fig.  10, and t h e  r e s u l t s  f o r  all runs 

are l i s t e d  i n  Table 1. Improvement i s  n o t i c e d  i n  t h e  second run due t o  

b e t t e r  washing of  t h e  p r e c i p i t a t e ,  h ighe r  a c i d  s t r e n g t h  f o r  d i s s o l u t i o n  

of t h e  residue,  and b e t t e r  timing on faking t h e  product c u t .  

The material was t r e a t e d  

The t h i r d  run, CF-4, u t i l i z e d  f eed  t h a t  w a s  a v a i l a b l e  i n  2.6 g A l ( N 0 3 ) 3  

so lu t ion ,  s l i g h t l y  a c i d  d e f i c i e n t .  A d i f f e r e n t  f lowsheet employing a 

s i n g l e  ion exchange column, which had been developed previously,  w a s  4 

'M. H. Lloyd and R. E. Leuze, "Anion Exchange Separat ion o f  T r i v a l e n t  
Ac t in ides  and Lanthanides," Nuclear Sci .  and Eng. 11, 274-7 (1961). 
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Fig. 10. Two-Column Flowsheet for  Transplutonium Element Separation. 
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Table 1. Resul ts  of Ion-Exchange-Separation Runs 

Run CF-1 Run CF-2 Run CF-4 

Feed 

Gross a a c t i v i t y ,  
counts min-1 m 1 - l  

~ m ~ ~ ~ ,  % of counts 

~ m ~ ~ ~ ,  % of counts 

~ u ~ ~ ~ ,  % of counts 

mas, E 
A1 (NO31 3, M, 

Product 

Conc . , counts' min-' m 1 - l  

Tota l  a c t i v i t y ,  m c  

Recovery, % 

Material  balance, % 

Decontamination f a c t o r s  

Gross y 
134 cs 
106 

RU 

Zr-Nb 
141 Ce 
238 Pu 

95 

9 1 . 2  x 10 

38 

60 

2 

-7 

4 . 5  

9 1 . 2  x LO 

15 

34 

101 

78 

>34 

S O  
-1 

>150 

1300 

0.98 lo9  
- 

- 
-7 

4 . 5  

1.8 lo9  
21 

63 

103 

980 

>2800 

290 

4.4 

450 

560 

9 1 .8  x 10 

38 

60 

2 

0.9 a c i d  def .  

2.6 

4.6 x 10 9 

31 

65 

87  

120 

%80 

>250 

7 

2.6 

>5 

used. This  column w a s  a l s o  j acke ted  but conta ined  200- t o  400-mesh 

Dowex l-XlO, which had been converted t o  the  n i t r a t e  form. This  t i m e  a 

r e s i n  bed of 15 ml was used. The f i n e  r e s i n  p a r t i c l e s  and v i scous  solu-  

t i o n s  r e s u l t e d  i n  extremely slow flow r a t e s ,  about 0.02 ml Gin 

Unlike the  previous work a t  t r a c e r  l e v e l s ,  t h i s  process gave no sepa ra t ion  

from r a r e  ea r ths ,  t he  product reading 5 r / h r  a t  10 cm. This  d i f f e r e n c e  

i s  probably a r e s u l t  of d i f f e r e n t  r e s i n  and process v a r i a b l e s  and not a 

r e s u l t  of d i f f e r e n t  a c t i v i t y  l e v e l s .  No f u r t h e r  e f f o r t  i s  planned on 

t h i s  m a t e r i a l  o r  process.  

-1 -2 cm . 

. 

a 
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The loading and e l u t i o n  curves f o r  runs CF-2 and CF-4 are shown i n  

Figs .  11 and 12. It i s  i n t e r e s t i n g  t o  no te  t h e  i s o l a t i o n  of gamma-spec- 

t rog raph ica l ly -pure  C s  134-137 i n  t h e  r a f f i n a t e  and Ag 

L i C l  wash of t h e  last  run. 

l l O m  i n  t h e  f i r s t  

3 . 4 . 2  Californium I s o l a t i o n  from Transplutonium-Element Cut 

Decontaminated transplutonium elements from t h e  f i r s t  two runs.were 

processed t o  make two independent determinat ions of  cal i fornium. The 

transplutonium elements were sorbed on a 10-ml column of Dowex 50-X8 

(200- t o  400-mesh) r e s i n  and were separated by chromatographic e l u t i o n  

with 0.4 2 ammonium alpha-hydroxyisobutyrate a t  pH 4.2 E lu t ion  curves 

are p l o t t e d  i n  Fig.  13. Californium e l u t e d  i n  t h e  f i r s t  8 m l  of e l u t r i a n t .  

Both alpha-pulse a n a l y s i s  and spontaneous f i s s i o n  counting were used t o  

i d e n t i f y  t h e  cal i fornium. 

due t o  Cf252 were 3 x and 6 x f o r  t h e  two determinations.  The 

d i f f e r e n c e  i n  t h e s e  two va lues  probably i n d i c a t e s  t h e  accuracy o f  t h e  

determinations.  Based on these  numbers, t h e  e i g h t  Pu-A1 a l l o y  rods pro- 

cessed i n  c e l l  1, Building 4507, contained between 0.45 and 0.90 pg of 

cal i fornium. The balance of  t h e  TRU rods (which have been i r r a d i a t e d  

longer) should con ta in  100 t o  150 pg of  californium. 

The f r a c t i o n  of transplutonium alpha counts 

3.5 Actinide-Lanthanide Separat ions i n  Carbonate Solut ions 

Act inides  and l an than ides  can be e x t r a c t e d  i n  quarternary amines o r  

loaded on s t rong base anion exchange r e s i n  from d i l u t e  carbonate so lu t ions .  

There w a s  no appreciable  e x t r a c t i o n  i n t o  primary, secondary, o r  ter t iary 

amines. It may be p o s s i b l e  t o  sepa ra t e  americium and curium from most of  

t h e  lanthanides  by e i t h e r  e x t r a c t i n g  t h e  l an than ides  i n t o  quarternary 

amines o r  sorbing them on anion exchange r e s i n .  

a c t i n i d e s  and l an than ides  i s  no t  poss ib l e  s i n c e  t h e  heav ie r  a c t i n i d e s  have 

g r e a t e r  d i s t r i b u t i o n  c o e f f i c i e n t s  than t h e  l i g h t e r  lanthanides .  The prac- 

t i c a l  a p p l i c a t i o n  of t h i s  method i s  l i m i t e d  by t h e  low s o l u b i l i t i e s  of 

a c t i n i d e s  and l an than ides  i n  t h e  d i l u t e  carbonate so lu t ions .  

Group sepa ra t ion  of 

D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  va r ious  a c t i n i d e s  and l an than ides  be- 

tween 30% Aliquot 336 i n  diethylbenzene and 0.5 g NaHCO3 are given i n  
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Fig.  13. Elution Curves for Californium Separation from Other 
Transplutonium Elements by Chromatographic Elution from 10 m l  Column of 
Dowex 50-X (50- to  100-mesh) Resin with 0.4 M_Ammonium Alpha Hydroxy- 
isobutyrate a t  pH 4.2. 
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Table 2. This  system i s  somewhat unusual s ince  the  t r i v a l e n t  a c t i n i d e  

d i s t r i b u t i o n  c o e f f i c i e n t s  a r e  d i sp l aced  downward. Americium o f t e n  behaves 

much l i k e  neodymium o r  promethium. For t h i s  system the  americium d i s t r i -  

but ion c o e f f i c i e n t  i s  even less than the  cerium d i s t r i b u t i o n  c o e f f i c i e n t .  

Table 2.  D i s t r i b u t i o n  C o e f f i c i e n t s  f o r  30% Aliquot 336 i n  
Diethylbenzene v s  0.5 X N a H C 0 3  

D i s t r i b u t i o n  Coef f i c i en t  
Element Valence (%I 

U 

NP 
Pu 

Am 

Cm 

Cf 

E s  

Ce 

6+ 

5+ 

4+ 

3+ 

3+ 

3+ 

3+ 

3+ 

13.6  

4.6 

2.2 

0.52 

0.65 

2.03 

2.51 

1.0 

Eu 3+ 4 . 8  

The e f f e c t  of NaHCO3 concentrat ion on americium, cerium, and europium 

d i s t r i b u t i o n  c o e f f i c i e n t s  i s  shown i n  Fig. 14. Over the  range 0.1 t o  

1 M, NaHC03, d i s t r i b u t i o n  c o e f f i c i e n t s  a r e  approximately proport ional  to  

the  inverse  of t h e  cube o f  t he  bicarbonate concentrat ion.  

t o  be a s l i g h t  convergence of d i s t r i b u t i o n  c o e f f i c i e n t s  a t  t he  higher  

concentrat ion.  

wi th  only a s l i g h t  increase  i n  e x t r a c t i o n  noted with decreasing bicarbonate 

concentrat ion.  Behavior of a c t i n i d e s  and lanthanides  was e s s e n t i a l l y  

i d e n t i c a l  i n  NaHCO3 s o l u t i o n  o r  i n  N a & O 3  o r  K g O 3  so lu t ions  a t  ha l f  the  

molar concentrat ion of t h e  bicarbonate so lu t ion .  Lanthanide and a c t i n i d e  

so rp t ion  from t h e s e  s o l u t i o n s  onto a s t rong base anion exchange r e s i n  such 

as Dowex 21K was similar to  e x t r a c t i o n  in to  the  quarternary amine, Aliquot 

336. 

There appears 

Below 0.1 M, NaHC03 t he  curves are considerably f l a t t ened ,  

. 
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3.6 Californium, Einsteinium, and Fermium Behavior i n  t h e  
LiNO3-Anion Exchange System 

. 

E l u t i o n  from anion exchange res in .  with 4 . 4  E L i N 0 3  gave poor ca l i -  

fornium-einsteinium-fennium sepa ra t ions  compared with t h e  e x c e l l e n t  

americium-curium sepa ra t ion  reported las t  q ~ a r t e r . ~  

an unexpected reversal i n  e l u t i o n  p o s i t i o n s  of t he  transcurium elements. 

This was a r e s u l t  of  

D i s t r i b u t i o n  c o e f f i c i e n t s  of t r i v a l e n t  a c t i n i d e s  between Dowex 1-X8 

r e s i n  and 4 . 4  M, L i N O 3  s o l u t i o n  ad jus t ed  t o  pH 1.5 are given i n  Fig.  15. 

These were determined by batch e q u i l i b r a t i o n  of r e s i n  with 4 . 4  M, L i N O 3  

containing a c t i n i d e s ,  and t h e  r e s u l t s  were confirmed by not ing t h e  e l u t i o n  

o r d e r  from Dowex 1-X8 r e s i n  columns. The same r e l a t i v e  behavior of t r i -  

v a l e n t  a c t i n i d e s  w a s  noted when Alamine 336*HN03 was e q u i l i b r a t e d  with a 

6 M, LiN03 s o l u t i o n  of  t h e  a c t i n i d e s .  

3+ Based upon previously determined d i s t r i b u t i o n  c o e f f i c i e n t s  of Pu , 
, it was a n t i c i p a t e d  t h a t  d i s t r i b u t i o n  c o e f f i c i e n t s  of t h e  3+ Am3+, and Cm 

transcurium elements would continue t o  decrease wi th  inc reas ing  r ad ius  

of t h e  hydrated ions,  which inc reases  wi th  atomic number f o r  t h e s e  ele- 

ments. However, t h i s  t r e n d  reversed wi th  einsteinium and fermium, which 

have g r e a t e r  d i s t r i b u t i o n  c o e f f i c i e n t s  than cal i fornium. It i s  hypothe- 

s i z e d  t h a t  s i n c e  t h e  f e l e c t r o n  h a l f  s h e l l  i s  f i l l e d  f o r  curium, L i  may 

be more e f f e c t i v e  i n  p a r t i a l l y  s t r i p p i n g  t h e  hydrat ion sheath from t r a n s -  

curium elements. Th i s  p a r t i a l  dehydration would enhance complex formation 

wi th  t h e  n i t r a t e  ion and thus r e s u l t  i n  a reversal of  t h e  so rp t ion  t r e n d  

on anion exchange resin. 

+ 

3.7 Preparat ion of Pu02 f o r  HFIR Target  Prototypes 

A method o f  preparing h igh - f i r ed  Pu02 g l a s s  was inves t iga t ed .  Suc- 

c e s s f u l  p repa ra t ion  w i l l  make it poss ib l e  t o  g r i n d  t h e  oxide t o  a speci-  

f i e d  p a r t i c l e  s i z e .  Th i s  i s  important s i n c e  t h e  PuO;? powder must be coa r se  

enough f o r  s a t i s f a c t o r y  preparat ion of  Al-Pu02 cermets with a continuous 

aluminum phase. 

A s o l u t i o n  0.5 M, i n  Pu(N03)4 and 4 M, i n  HNO3 w a s  r ap id ly  mixed wi th  

an equal  volume of 8 M, NH4OH t o  p r e c i p i t a t e  Pu(OH)4. The p r e c i p i t a t e  w a s  

D. E. Ferguson, Transuranium Quar. Prog. Rep. f o r  Period Endingl 5 

November 30, 1962, ORNL-3408 (May 31, 1963). 
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Fig. 15. Actinide Distribution Coefficients in 4.4  M, LiNO3 for 
Dowex 1-X8. 
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washed thoroughly with 2 M N H d H  and d r i e d  a t  1 5 0 ° C .  F i r i n g  t h e  d r i e d  

s o l i d  a t  12OOOC produced a g l a s sy  s o l i d  wi th  a d e n s i t y  of 10.99, which 

i s  96% of  t h e  t h e o r e t i c a l  dens i ty  of Pu02. Most of t h e  p a r t i c l e s  were 

about 1 t o  3 nun i n  diameter. 

4 .  EXPERIMENTAL ENGINEERING STUDIES 

P. A. Haas A. D. Ryon C. D. Watson 

Experimental s t u d i e s  are being c a r r i e d  o u t  as necessary t o  a i d  i n  

the  engineering design of  t h e  chemical processing cells .  These include 

t e s t i n g  of  p r o t e c t i v e  coat ings,  development of  process  equipment com- 

ponents, and t e s t i n g  i n  a moclcup of procedures and equipment proposed 

f o r  use i n  t h e  ce l l  cub ic l e s .  

4.1 Materials Evaluation 

G. A .  West 

A radiation-damage t e s t i n g  program of p r o t e c t i v e  coa t ings  proposed 

f o r  t h e  TRU F a c i l i t y  i s  nearing completion. Current ly ,  4 2 - c o a t i n g s  have 

been exposed t o  a C o 6 0  gamma source a t  an i n t e n s i t y  of about 1 x l o 6  r /h r  

a t  40 t o  5OoC i n  a i r  and i n  deionized water. Polyamide cured epoxy 

systems exh ib i t ed  supe r io r  r a d i a t i o n  r e s i s t a n c e  while  immersed i n  de- 

ionized water. 

expo su re  fol lows : 

A l i s t i n g  of t h e  b e s t  coa t ings  and maximum t o l e r a b l e  

9 Amercoat N o .  66 system with F i b e r g l a s  -- t o  4 . 8  x 10 r 

P l a s i t e  N o .  7155 -- t o  4.5 x 10 r 

Amercoat No. 66 system without F ibe rg la s  -- t o  4.5 x 10 r 

9 

9 

I n  general ,  a l l  coa t ings  t e s t e d  are less a f f e c t e d  by r a d i a t i o n  when 

A few coa t ings  exposed i n  a i r  environments than when immersed i n  water. 

have now a t t a i n e d  an exposure up t o  6 x l o 9  r i n  a i r  and appear usable .  

Fourteen coa t ings ,  c o n s i s t i n g  of epoxies and modified phenolics,  were 

considered usable  a f t e r  exposures i n  deionized water from 1 x lo9  r t o  
9 4.8 x 10 r. Most o f  t h e  f a i l u r e s  a t  t he  h ighe r  r a d i a t i o n  levels r e s u l t e d  

from d e t e r i o r a t i o n  of  f i lm,  loss of  adhesion, and a marked decrease i n  

r e s i s t a n c e  t o  impact and gouging. Coatings r e in fo rced  with F ibe rg la s  

f a b r i c  r e t a i n e d  r e s i s t a n c e  t o  impact and gougPng b e t t e r  than unreinforced 

coa t ings  . 



-34- 

Decontaminations by a water  f l u s h  and a n i t r i c  a c i d  scrub a t  room 

A de- temperature were determined f o r  t h e  va r ious  types  o f  coat ings.6 

contamination f a c t o r  of 3 x 10 would reduce t h e  contaminant used t o  

about 0 .1  mr/hr and would probably be d e s i r a b l e  f o r  most con t ro l l ed  

maintenance work. The maximum decontamination f a c t o r s  [DF = ( i n i t i a l  

a c t i v i t y ,  mr/hr)/ ( a c t i v i t y  following decontamination, mr/hr)] were a s  

fol lows:  

4 

Vinyl 

Po lyes t e r  

EPOXY 

US Stoneware, R0221 -- with 9.33 l o 3  
s i l i c o n e  -- TP 216 s e a l  

3 Prufcoat ,  epoxy modified poly- 2.7 x 10 

Wisconsin P ro tec t ive  Coating, 

e s t e r  

Plasi te-9009 

3 1.30 x 10 

Modified Phenolic Wisconsin P ro tec t ive  Coating, 6.75 x l o L  

0.63 x lo2 Ino rg  an ic  

Plasi te-7155 

Amercoat -1680 

4.2 Disconnect Development 

T. S. Mackey 

Tantalum disconnects  f a b r i c a t e d  by forming t h e  con ica l  s ea l ing  

sur face  on t h e  tubing i t s e l f  were t e s t e d  and leaked a t  unacceptably high 

r a t e s .  Tantalum disconnects  with machined su r faces  a l s o  leaked, but 

a f t e r  burnishing t h e  male and female cone su r faces  with hardened r o l l e r s ,  

s a t i s f a c t o r y  l eak t igh tness  was obta ined  even a f t e r  s e v e r a l  make and break 

cyc les .  

Ten of t h e  commercially f a b r i c a t e d  disconnect  clamps were checked 

f o r  misalignment. 

ment ranging from 1.1 t o  1.8'. 

clamp arm contac t  su r f ace  w a s  then machined a t  an angle  of 1.5'. 

quent misalignment tests ind ica t ed  acceptab le  va lues  f o r  a l l  clamps 

except one, which gave 0.8' misalignment. 

Measurements made a t  60 l b  of torque showed misal ign-  

The upper 

Subse- 

The acceptab le  l i m i t  i s  0.5'. 

6Data of  A. B. Meservey e t  a l . ,  of  Chemical Technology Divis ion,  
ORNL. 

Y 
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4.3 C e l l  Mockup 

T. S .  tiackey 

. 

Assembly of t h e  c u b i c l e  t op  and component p a r t s  w a s  completed. 

Fabr i ca t ion  of  t h e  mockup of t h e  top  of  t h e  c e l l  has  s t a r t e d .  Th i s  w i l l  

provide a means of t e s t i n g  equipment removal and maintenance concepts 

connected with t h e  tank p i t  and ce l l  cub ic l e .  Two extended-reach master- 

slave manipulators w e r e  re turned t o  t h e  shop f o r  adjustment a f t e r  i n i t i a l  

t e s t i n g  showed f a u l t y  t ape  and cab le  adjustments.  Tests of  manipulators,  

equipment-rack handling devices, and l i gh t ing - f  i x t u r e  handling devices  

are i n  progress .  

4.4 Component Tes t ing  

T. S.  Mackey 

A simple means of  forming bellows was used success fu l ly  f o r  forming 

s t a i n l e s s  steel test  bellows. Zircaloy-2 and tantalum thin-wall  tubing 

was ordered f o r  f a b r i c a t i o n  of  bellows from t h e s e  m a t e r i a l s  f o r  stem 

seals i n  process  valves. A commercial source of tantalum bellows w a s  

located,  and tantalum tes t  bellows w i l l  be purchased i f  t h e  terms are 

acceptable .  

was no t  success fu l  because of i n s u f f i c i e n t  forming f o r c e  f o r  a l l  condi- 

The "Magneform" f a b r i c a t i o n  of  tantalum bellows from tubing 

t ions  test e d . 
Fabr i ca t ion  of a prototype sampler pump 

4.5 Americium and Californium 

S. D. C l in ton  

Four capsules  containing 100 mg each of 

was completed. 

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

Am241 and one capsule  con- 

t a i n i n g  0.5 pg of  Cf252 were prepared f o r  i r r a d i a t i o n  i n  t h e  ORR. 

of  t h e  capsules  contained t h r e e  c o b a l t  f o i l s  i n  qua r t z  f o r  determining 

t h e  thermal neutron f lux .  

t h e  following schedule: 

Each 

The capsules  w i l l  be i r r a d i a t e d  according t o  
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Sample Target  Appro xima t e 

1 4  

14  

14 

NO Material Date I n  Date Out Neutron Flux 

12-16-62 2-10-63 3.0 x 10 E-12-23 

12-16-62 2-10-63 3.5 x 10 E-12-24 

E- 1 2 -  25 Cf 252 12-16-62 1-13-63 4.0 x 10 

F-1-2 

F-1-3 

*241 

*241 

1-13-63 4-7-63 4.0 1 0 ~ 4  *241 

Am241 14 

241 

1-13-63 4-7-63 3.5 x 10 

Engineering c a l c u l a t i o n s  f o r  i r r a d i a t i n g  gram q u a n t i t i e s  of  Am 

i n  t h e  ORR were completed. The 8-in.-long, O.S-in.-OD, welded aluminum 

capsules  w i l l  each conta in  3 g o f  Am241 a s  pressed p e l l e t s  of  Am02-Al. 

The weight of  aluminum i n  each capsule  i s  60 g. An ORR core  p iece  was 

designed and f a b r i c a t e d  f o r  i r r a d i a t i n g  up t o  18 capsules .  The ca l cu la -  

t i o n s  are based on an average per turbed  thermal neutron f l u x  of  3.0 x 10 

neutrons cm-2sec-1, a peak-to-average thermal f l u x  r a t i o  o f  1.2, an 

i r r a d i a t i o n  t i m e  o f  50 days, and an i n i t i a l  pe l le t - to-capsule  r ad ia l -gas  

gap of  1 m i l .  Assuming 100% release of t h e  f i s s i o n  product gases ,  t h e  

maximum stress i n  t h e  type 1100 aluminum capsule  i s  500 p s i .  Tempera- 

t u r e s  and hea t  f l u x e s  i n  t h e  i r r a d i a t i o n  are as follows: 

14 

Surf ace Surf ace Cen t ra l  Temperatures 
Heat Flux Temp. He  Gap A i r  Gap 

Condit ions (Btu hr'l f t m 2 )  ( O F )  (OF) (OF) 

Average 438,000 192 682 789 

Peak 526,000 205 793 922 

20% increase  
i n  r e a c t o r  
power 631,000 222 928 1082 

4.6 Pulse  Column Tests 

F. L. Daley 

A three-column complex b u i l t  of  co r ros ion - re s i s t an t  materials (g l a s s ,  

tantalum, and Teflon)  was e rec t ed  t o  t es t  a complete f lowsheet ( ex t r ac t ion ,  

scrub, and s t r i p p i n g ) ,  a s i n g l e  column, o r  any phase of t h e  f lowsheet .  

Each column i s  a 3/4-in.-ID x 48-in.-long g l a s s  pipe,  wi th  a water j a c k e t  

f o r  temperature c o n t r o l  (Fig. 4.16). The s tandard  column i n t e r n a l s  con- 

s i s t  of  tantalum s i eve  p l a t e s  (1/32-in. ho les ,  5% f r e e  a rea )  spaced 1/4 in .  
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UNCLASSIFIED 
ORNL-LR-DWC 78849 

1 

1-in. 

AIR BUBBLERS 

-1/2-in. PIPE (DOUBLE 
TOUGH) JACKET 

PIPE (DOUBLE TOUGH) 
COLUMN 

0 

MARK 

A 
B 
C 
D 
E 
F 
G 
H 
J 

62 in. 

N O Z Z L E  SCHEDULE 

SIZE 

1/2 in. O D  
1/2 in. O D  
1/4 in. O D  
1/4 in. O D  
1/2 in. O D  
1/2 in. O D  
1/4 in. O D  
1/4 in. O D  
1/2 in. OD 

WALL 

H W .  
H W .  
HVY. 
H W .  
H W .  
H W .  
H W .  
H W .  
H W .  

SERVICE 

WATER JACKET IN 
WATER JACKET OUT 
ORGANIC IN 
ORGANIC IN (ALT.) 
PRODUCT OUT 
OVERFLOW 
AQUEOUS OUT 
THERMOWELL 
PULSE 

F i g .  16. Typical Pulse Column. 
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a p a r t .  

d i f f e r e n t i a l - p r e s s u r e  t r a n s m i t t e r  and c o n t r o l l e r  t h a t  c o n t r o l l e d  t h e  

i n t e r f a c e  level by a p re s su re  pot  on t h e  aqueous discharge l i n e .  

column flow of  t h e  organic  phase w a s  ob ta ined  by pu l se  pumping, and 

aqueous flow w a s  by pump. 

I n t e r f a c e  p o s i t i o n  was measured by an a i r -bubb le r  s i g n a l  t o  a 

I n t e r -  

Shakedown tests of  t h e  system with t h e  Tramex flowsheet revealed two 

minor hydrau l i c  problems: one r equ i r ed  increased r e s i s t a n c e  i n  t h e  l i n e s  

a t  t h e  bottom of t h e  column t o  minimize pu l se  loss, and t h e  o t h e r  w a s  t h e  

l i m i t e d  range of intercolumn organic  flow ob ta inab le  by pu l se  pumping. 

4.6.1 Scrub Tests 

A series of runs using europium tracer t o  measure t h e  e f f i c i e n c y  of  

t h e  columns w a s  made t o  test  pu l se  wave and column i n t e r n a l s .  The r e s u l t s  

(Table 3) showed t h a t  t h e  lowest s t a g e  h e i g h t s  (HETS) were ob ta ined  a t  

t h e  h ighes t  pulsed volumes t e s t e d ,  which were n e a r  t h e  emulsion f looding 

po in t .  A t runca ted  sine-wave pu l se  was s i g n i f i c a n t l y  b e t t e r  t han  a s i n e  

wave. Attempts t o  improve e f f i c i e n c y  by i n s e r t i n g  several types of 

coalescing s e c t i o n s  (Teflon Raschig r ings ,  g r a p h i t e  rod, l a r g e  f r e e  area, 

sieve p l a t e s  made of tantalum and g raph i t e )  were no t  success fu l  i n  reduc- 

ing t h e  s t a g e  he igh t  below 16 in . ,  which w a s  t h e  b e s t  f o r  t h e  s tandard 

sieve p l a t e s .  

5. TARGET FABRICATION PROCESS AND EQUIPMENT DEVELOPMENT 

D. A .  Douglas 

Work i n  t h e  Metals and Ceramics Divis ion f a l l s  under f o u r  broad 

ca t egor i e s :  (1) development of  necessaiy f a b r i c a t i o n  processes  t o  produce 

an HFIR t a r g e t  rod, (2) i r r a d i a t i o n  of t a r g e t s  t o  test  t h e  adequacy of 

t h e  design and t h e  f a b r i c a t i o n  processes,  (3) design of  t h e  r equ i r ed  

f a b r i c a t i o n  equipment and ope ra t ion  of  a glove-box production l i n e  t o  

make plutonium-bearing t a r g e t s  f o r  t h e  i n i t i a l  r e a c t o r  loadings,  and 

( 4 )  t h e  design of  equipment f o r  t h e  remote f a b r i c a t i o n  of  t a r g e t s  i n  

t h r e e  c u b i c l e s  o f  t h e  TRU F a c i l i t y .  Progress i n  t h e s e  areas f o r  t h e  

l as t  q u a r t e r  i s  r epor t ed  below. 

. 
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Table 3 .  Eff i c i ency  of Pulsed Columns f o r  Tramex Scrub Section, Using 
9 M, LiC1--0.3 g A l C 1 3  t o  Scrub Europium from 30% Alamine 336 

i n  Diethylbenzene 

FIOW rate: 

Temperature: 50°C 

organic ,  9 ml/min; aqueous, 3 ml/min 

Type of  Pulsed 
Pulse Veloci ty  HET S 

Column I n t e r n a l s  Wave ( in .  /min) ( i n . )  

Standard T a  s i e v e  p l a t e s  
(1/32-in. holes ,  5% 
f r e e  area) 

10 in .  of s tandard p l a t e s  
a l t e r n a t e d  with 2 i n .  of 
Ta s i e v e  p l a t e s  (3/32-in. 
ho le s ,  45% f r e e  area) 

10 in .  of s tandard p l a t e s  
a l t e r n a t e d  with 2 i n .  of 
Teflon Raschig r i n g s  

2 in. of s tandard p l a t e s  
a l t e r n a t e d  wi th  4 i n .  o f  
graph it e - ro  d packing 

5 in. of  s tandard p la tes  
a l t e r n a t e d  with 1 i n .  of 
g r a p h i t e  sieve p l a t e s  
(3/32-in. holes ,  45% 
f r e e  area) 

Truncated s i n e  

Truncated s i n e  

Truncated s i n e  

Truncated s i n e  

Sine 

Sine 

Truncated s i n e  

Truncated s i n e  

Sine 

Sine 

Truncated s i n e  

Truncated s i n e  

Truncated s i n e  

Truncated s i n e  

Truncated sine 

Truncated s i n e  

Truncated s i n e  

Truncated s i n e  

4.0a 

4.0 

7.5 

8.0 

24.0 

48.0 

5.6 

8.4 

26.0 

32.0 

4.0 

7 .0  

9.0 

9.0 

6.0 

9.0 

8.0 

21.  oc 

28 

27 

16 

19 

48 

44 

24 

28 

40 

30 

25 

25 

2Ob 

18 

25 

30 

21 

1 9  

a 

bOrganic f r e s h l y  loaded. 

Pulse  amplitude = 0.1 in .  

C Pulse amplitude = 0.35 in .  
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Since h e a t - t r a n s f e r  c h a r a c t e r i s t i c s  are q u i t e  s e n s i t i v e  t o  t h e  type 

of  oxide d i s p e r s i o n  produced, one of  t h e  most c r i t i ca l  process  develop- 

ment problems has  been t o  achieve a continuous aluminum m a t r i x  with a 

uniform d i spe r s ion  of f i n e  oxide p a r t i c l e s .  A s a t i s f a c t o r y  s o l u t i o n  w a s  

devised by t h e  Powder Metallurgy Group by c o n t r o l l e d  a d d i t i o n s  and blend- 

ing of  supe r f ine  aluminum powders. However, a success fu l  breakthrough 

by t h e  Chemical Technology Divis ion i n  producing plutonium oxide i n  a 

l a r g e r  s i z e  range has  enabled us  t o  shelve t h i s  procedure and t ake  ad- 

vantage of  t h e  s impler  process  t h a t  l a r g e  oxide p a r t i c l e s  a f fo rd .  

A second c r i t i c a l  problem has  been t h a t  of  ob ta in ing  end c l o s u r e s  

with s u f f i c i e n t  s t r e n g t h  and i n t e g r i t y  t h a t  they w i l l  s u c c e s s f u l l y  sur-  

v i v e  about 18 months of r e a c t o r  exposure. 

welding alone w i l l  no t  be s u f f i c i e n t  f o r  t h a t  purpose; consequently, 

several o t h e r  means f o r  r e in fo rc ing  t h e  end seal are being explored. 

It has  been judged t h a t  

A mockup of t h e  plutonium t a r g e t  l i n e  i s  being assembled, and design 

e f f o r t s  on t h e  equipment f o r  t h e  f a b r i c a t i o n  c u b i c l e s  i n  t h e  TRU F a c i l i t y  

are progressing on schedule. Defe r r a l  of  t h e  f a b r i c a t i o n  of  a p a r t  of 

t h i s  equipment a l r eady  designed u n t i l  next  f i s c a l  yea r  may delay t h e  

mockup and t e s t i n g  of  t hese  i t e m s .  

5.1 Target  F a b r i c a t i o n  Process Development 

5.1.1 Powder Metal lurgy -- (W. J. Werner) 

A process  has  been developed f o r  producing continuous aluminum-matrix 

p e l l e t s  from oxide wi th  an average p a r t i c l e  s i z e  of  6 p. The process  in -  

volves  (1) blending of  t h e  oxide with an equal  volume of u l t r a f i n e  alumi- 

num (average p a r t i c l e  s i z e  0.03 p, e x i s t i n g  i n  t h e  form of  f r i a b l e  

agglomerates 0.1 t o  100 p i n  s i z e ) ; 7  (2) t h e  a d d i t i o n  of  enough vacuum- 

annealed, type 1100 (-325 mesh) aluminum t o  o b t a i n  a f i n a l  composition 

of  16 v o l  % oxide;  and (3) reblending and pressing.  

Figure 17 shows t h e  mic ros t ruc tu re  of a p e l l e t  produced i n  t h e  

aforementioned manner. 

many o t h e r  p r o p e r t i e s  of  an i d e a l  d i s p e r s i o n  were noted. 

A minimum agglomeration of  oxide p a r t i c l e s  and 

Subsequent 

'Prepared by vapor depos i t i on  and supp l i ed  by t h e  Nat ional  Research 
Corporation. 
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Fig. 17. Microstructure of Target Pel let  Containing 16 Vol % Rare 
Earth, 16 V o l  % Ultrafine Aluminum (0.03 p), with Balance Being -325 
Mesh Aluminum. Reduced 10%. 
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experiments showed t h a t  f o r  t h e  p a r t i c u l a r  materials and concen t r a t ions  

used, t h e  c r i t i c a l  amount of  u l t r a f i n e s  was between 13 and 19 v o l  %. 

I n c i d e n t a l l y ,  t h i s  amount would inc rease  with decreasing oxide p a r t i c l e  

s i z e .  

The i n i t i a l  u l t r a f i n e  powder (93 w t  % a c t i v e  aluminum metal) w a s  

pyrophoric i n  a i r  a t  room temperature. Subsequently, ox ide - s t ab i l i zed  

u l t r a ' f i n e s  (83 w t  % active aluminum metal)  were received. These powders 

are reported t o  be s t a b l e  i n  a i r  a t  temperatures up t o  350OC. 

however, support  combustion when ign i t ed .  

They w i l l ,  

5.1.2 Welding and Brazing S tud ie s  -- (C. H. IJodtke) 

The HFIR t a r g e t  rods c o n s i s t  of type X-8001 aluminum tubes,  3/8-in. 

i n  o u t e r  diameter, with a 0.060-in. w a l l ,  s ea l ed  a t  each end with plugs. 

The i n i t i a l  end c l o s u r e  can be performed i n  t h e  open, but  t h e  f i n a l  

c l o s u r e  must be made i n  a cell .  Developmental work i s  being concen- 

t r a t e d  on t h e  production o f  a welded-and-brazed double seal. Brazing 

of  l ong i tud ina l  aluminum f i n s  t o  t h e  tubes i s  a l s o  being s tudied.  

Weldinp of  End Plups. -- To date ,  welding has  been done wi th  a 

s tandard welding power supply. The r e s u l t s ,  al though promising, have 

n o t  proved r e l i a b l e ,  and s e r i o u s  weld d e f e c t s  are not  infrequent .  A 

t y p i c a l  de fec t ive  co rne r  j o i n t  (Fig. 18a) shows incomplete fus ion  between 

tube and end plug as w e l l  as r o o t  cracking. A much b e t t e r  weld, however, 

i s  shown i n  Fig.  18b. 

A mechanized weld cyc le  appears necessary t o  c o n s i s t e n t l y  reproduce 

t h e  c o n t r o l  of  v a r i a b l e s  and operat ions,  a l l  of  which must be performed 

i n  about 7 sec. To accomplish t h i s ,  an arc- length-control led welding 

head and automatic electric c o n t r o l s  f o r  t h e  welding cyc le  are being set 

up. A programed welding power supply w i t h  more r e f i n e d  c o n t r o l  over  t h e  
welding cyc le  i s  a l s o  being procured. 

w i l l  be capable of  producing welds wi th  g r e a t e r  consistency. 

It i s  expected t h a t  t h i s  equipment 

Brazing of  End Plugs. -- For t h e  h igh ly  r e l i a b l e  containment of gases,  

a double seal made by brazing, i n  a d d i t i o n  t o  welding, i s  being explored. 

Induct ion brazing appears t o  be workable f o r  a t t a c h i n g  end plugs i n  a 

ce l l .  A j o i n t  was designed which u t i l i z e s  a small plug brazed under t h e  
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b- Acceptabl 

Fig .  18. HFIR Target End-Weld Closures. 

INCLASS1 FlED 
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subsequently welded plug. Preliminary work i n d i c a t e s  t h a t  t h e  method 

warrants  f u r t h e r  a t tempts  t o  e s t a b l i s h  a c o n s i s t e n t l y  s a t i s f a c t o r y  

induction-brazing procedure. Leak tests and metal lographic  examinations 

of  prel iminary brazes  showed t h a t  l e a k t i g h t  j o i n t s  can be made. Fu r the r  

e f f o r t  w i l l  be cen te red  on reducing t h e  amount of po ros i ty  and f l u x  

entrapment now obtained. 

A s m a l l  induct ion h e a t e r  f o r  use i n  t h e  rod assembly area has  been 

ob ta ined  from surplus  property.  It w i l l  be set up i n  t h e  laboratory and 

checked f o r  proper operat ion.  

Brazing of  Fins .  -- Tubes w i t h  i n t e g r a l  f i n s  cannot be obtained i n  

t i m e  f o r  use i n  t h e  i r r a d i a t i o n  t e s t  rods t o  be made soon. An attempt 

i s  being made t o  e s t a b l i s h  a furnace brazing procedure t o  a t t a c h  t h e  

f i n s .  

prepared. A t y p i c a l  braze c r o s s  s e c t i o n  i s  shown i n  Fig.  19 .  

A preliminary brazing f i x t u r e  has  been produced and test brazes  

5.2 Development of  Equipment f o r  t h e  Fabr i ca t ion  of  Plutonium Targe t s  

A. L. L o t t s  

There was l i t t l e  change i n  t h e  s t a t u s  of  t h e  plutonium t a r g e t  fab- 

r i c a t i o n  equipment during t h i s  r epor t ing  per iod.  The p r i n c i p a l  a c t i v i t y  

w a s  i n  t h e  use  of some of t h e  equipment i n  a t tempts  t o  develop acceptable  

procedures f o r  v a r i o u s  f a b r i c a t i o n  s t e p s .  The p resen t  s t a t u s  i s  noted 

as follows: 

5.2.1 Glove Boxes 

All glove boxes were i n s t a l l e d  i n  a mckup area i n  Building 4508 

and now await t h e  i n s t a l l a t i o n  of  processing equipment. 

5 .2 .2  Powder-Preparation Equipment 

The s t a t u s  of t h e  powder-preparation equipment remains the  same as 

previously reported.  

. 

5 . 2 . 3  Pe l l e t -P repa ra t ion  Equipment 

The p r e s s  was used i n  making a s u b s t a n t i a l  number of  dummy p e l l e t s .  

Wrinkling of p e l l e t  l i n e r s ,  which i s  a t t r i b u t e d  t o  t h e  h a l t i n g  p r e s s  

s t roke ,  w a s  t he  only s i g n i f i c a n t  problem. The a d d i t i o n  of an accumulator 
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Fig. 19. Cross Section Through Fin-to-Tube 
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t o  t h e  hydraul ic  system probably w i l l  provide a continuous f a s t  p r e s s  

s t r o k e  and ensure t h e  f a b r i c a t i o n  of  p e l l e t s  with smooth l i n e r s .  

improved p r e s s  base was cons t ruc t ed  and has  performed s a t i s f a c t o r i l y .  

5.2.4 Tube-Closure Equipment 

A new 

The tube-closure equipment w a s  used p r imar i ly  as a development 

device during t h i s  r epor t ing  period. 

become inc reas ing ly  apparent t h a t  a continuously v a r i a b l e  welding speed 

should be a v a i l a b l e  and t h a t  t h e  power supply should have a wider range 

a t  low welding c u r r e n t .  Nevertheless,  a number of  moderately successful  

welds were made with t h i s  equipment. 

long tubing using t h e  step-type end cap  i s  not now a severe problem, but 

roo t  cracking s t i l l  plagues t h e  weld. Table 4 g i v e s  t h e  s t a t i s t i c a l  

I n  such an app l i ca t ion ,  it has 

Blowout of t h e  c l o s u r e  welds on 

Table 4 .  Summary of Target-Welding Resu l t s  

F i r s t  End Cap Closure End Cap 
Tube Number Number Number Number 

Length Welds Successful Welds Successful 
( in . )  A t t e m p t  e d Welds A t t e m p t  e d Welds 

20 20 l a a  6 6 

10 8 8 8 gb 

6 30 30 30 2[kC 

%o welds f a i l e d  because of  improper c h i l l - r i n g  f i t - u p .  

bTwo welds f a i l e d  by blowout. 
C Three welds f a i l e d  because of improper cap f i t - u p ;  

t h r e e  f a i l e d  by blowout. 

r e s u l t s  of  welds made wi th  t h e  equipment during t h i s  per iod.  Successful 

welds (Table 4 )  a r e  those which passed a helium l eak  tes t .  

Improved h e a t  s inks,  cons t ruc t ed  of massive aluminum and r o t a t e d  

with t h e  tube, performed b e t t e r  than o t h e r s  t r i e d  previously.  

5.2.5 Hydrostatic-Collapse Equipment 

The hydros t a t i c - co l l apse  equipment was cons t ruc t ed  and now awaits 

i n s t a l l a t  ion.  
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5 .2 .6  Helium Leak T e s t  Equipment 

The helium l eak  tes t  chamber w a s  completed. 

5.2.7 Plutonium Tarpet Fabr i ca t  ion lloclcup 

The mockup area i n  Building 4508 w a s  completed; and, as previously 

noted, t h e  glove boxes were i n s t a l l e d .  

5.3 Design and Development of  Target Fabr i ca t ion  Equipment 

11. K. Preston A .  L. LottS R. I. Deaderick 

The b a s i c  c r i t e r i a  e s t a b l i s h e d  f o r  t he  target-element f a b r i c a t i o n  

process  have changed l i t t l e  from t h a t  o u t l i n e d  i n  t h e  f i r s t  q u a r t e r l y  

progress  report .8  

development i n  t h e  t h r e e  c u b i c l e s  of t h e  TRU F a c i l i t y  t h a t  are assigned 

f o r  t a r g e t  f a b r i c a t i o n .  

The following summarizes t h e  s t a t u s  of equipment 

5.3.1 Cubicle 3 

The process  and equipment flow diagram f o r  cub ic l e  3 has not  

changed; however, a s l i g h t  change i n  equipment l o c a t i o n  wi th in  t h e  

c u b i c l e  i s  being considered. To f u r n i s h  a f i r m  mounting base f o r  t h e  

p e l l e t - l o a d  scale, which must be accu ra t e  t o  2 5  mg, t h e  scale w i l l  be 

supported from t h e  w a l l  between c u b i c l e s  3 and 4. This  change a l s o  

n e c e s s i t a t e s  s l i g h t  r e l o c a t i o n  of  t h e  equipment f a b r i c a t i o n  c i r c l e .  

During t h e  las t  qua r t e r ,  conceptual design w a s  s t a r t e d  on two addi- 

t i o n a l  pieces of equipment. F i n a l  design f o r  t h r e e  i t e m s  of  equipment 

was completed and approved f o r  cons t ruc t ion .  Detail designs f o r  two 

o t h e r  items were Completed, but  have no t  y e t  been checked and approved. 

Bench t e s t i n g  and modif icat ions o f  t h r e e  p i eces  of equipment are con- 

t inu ing. 

Cell-Equipment-Removal Crane. -- Equipment-mounting bases are t o  be 

i n s t a l l e d  on t h e  s loping f l o o r  t o  support  equipment mounts. Th i s  w i l l  

f u r n i s h  a level m u n t i n g  plane and e l imina te  contamination t r a p s  under 

equipment. Since t h e  bases w i l l  no t  provide a smooth f l a t  su r f ace  on 

D. E. Ferguson, TRU Quar t .  Prom-. Rept. February 28, 1962, ORNL-3290. 8 
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which equipment may be s l i d  t o  t h e  removal p o s i t i o n  i n  t h e  c e n t e r  of  t h e  

cub ic l e ,  a concept f o r  an i n - c e l l  crane i s  being developed t o  handle 

heavy and bulky equipment i n  t h e  c u b i c l e s .  

Act inide Ca lc ine r .  -- The following cr i ter ia  were e s t a b l i s h e d  f o r  

t h e  design of  t h e  a c t i n i d e  c a l c i n e r :  

1. The ope ra t ing  temperature i s  t o  be c o n t r o l l a b l e  t o  a maximum 

o f  900Oc. 

2. The furnace c a v i t y  i s  t o  accommodate t h e  blending con ta ine r .  

3.  A f i x t u r e  i s  t o  be employed f o r  i n s e r t i o n ,  pos i t i on ing ,  and 

removal of  t h e  con ta ine r .  

4 .  The furnace c a v i t y  is  t o  be connected t o  t h e  c u b i c l e  o f f -gas  

system. 

Conceptual design has  not  s t a r t e d .  

Batch Scale.  -- Design of  t h e  batch scale i s  h e l d  up pending t h e  

success fu l  ope ra t ion  of  t h e  p e l l e t - l o a d  scale. 

Blender-Dispenser. 

now being processed f o r  f i n a l  approval. 

The d e t a i l e d  design o f  t h e  blender-dispenser i s  

Pellet-Load Scale .  Machining o f  p a r t s  necessary f o r  t h e  remote 

ope ra t ion  of t h e  p e l l e t - l o a d  scale was completed. With t h i s  system, 

s p e c i f i e d  amounts of actinide-aluminum powder can be weighed i n  p e l l e t  

d i e  assemblies p r i o r  t o  p e l l e t  forming. A se l f -ba l anc ing  system, employ- 

ing Selsyn motors, a t o r s i o n  balance, a d i f f e r e n t i a l  t ransformer trans- 

ducer with e l e c t r o n i c  i n d i c a t o r ,  and a r eco rde r  w i th  t h e  s l i d e  w i r e  

removed, was assembled. Only t h e  scale and t h e  Selsyn receiver w i l l  be 

loca t ed  i n s i d e  t h e  cub ic l e .  

t o  t h e  c o n t r o l  c a b i n e t  o u t s i d e  t h e  c u b i c l e  by a connecting cab le .  

Response o f  t h e  scale w i l l  be t r a n s m i t t e d  

I n i t i a l  tests of  t h e  scale have demonstrated t h e  r equ i r ed  accuracy; 

however, t es t s  on t h e  e n t i r e  system ind ica t ed  t h a t  minor changes w i l l  be 

r equ i r ed  t o  c o n t r o l  o s c i l l a t i o n .  For t h i s  purpose, a magnetic damper i s  

being i n s t a l l e d  on t h e  motor d r i v e  s h a f t  i n  t h e  recorder .  

Cap Powder Loader. - 0  The d e t a i l e d  design of  t h e  cap powder loade r  

has  been completed and i s  now being processed f o r  f i n a l  approval.  

. 
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- D i e  Assembly Feeding S t a t i o n .  -- Fabr i ca t ion  o f  t h e  d i e  assembly 

feeding s t a t i o n  is complete, and bench tests are being conducted, Basic 

ope ra t ion  i s  s a t i s f a c t o r y ,  but minor modif icat ion t o  t h e  d i e  magazine 

and t h e  i n s t a l l a t i o n  of a t h r o t t l e  valve t o  smooth o u t  t h e  a c t i o n  i s  
d e s i r a b l e .  

P e l l e t  Press .  -- Bench tests of  t h e  p r e s s  are continuing, following 

minor redesign of some components t o  improve ope ra t ion  and r e l i a b i l i t y .  

To date ,  about 200 p e l l e t s  (showing l i t t l e  o r  no wrinkl ing of  t h e  p e l l e t  

l i n e r )  have been pressed.  The p r e s s  ope ra t ed  q u i t e  s a t i s f a c t o r i l y .  

Control of t h e  p re s su r i zed  water system i s  s u f f i c i e n t l y  s e n s i t i v e  t h a t  

terminat ion of  r a m  t r a v e l  a t  t h e  bottom punch discharge po in t  can be 

accomplished by va lv ing  r a t h e r  than by using t h e  e x i s t i n g  mechanical 

s top,  which introduces undue stresses i n  t h e  p r e s s  frame. Electrical  

c o n t r o l s  f o r  t h e  valve were designed and w i l l  be i n s t a l l e d .  

P e l l e t  U l t r a son ic  Cleaner and P e l l e t  Dryer. -- Detail drawings are 

being completed on t h e  p e l l e t  c l ean ing  and d rye r  equipment. The elec- 

t r i c a l  connections f o r  t h e  p e l l e t  d rye r  were designed so t h a t  they are 

automatical ly  connected when t h e  d rye r  i s  placed i n t o  t h e  a u x i l i a r y  

enclosure.  The e lec t r ica l  and piping connection f o r  t h e  u l t r a s o n i c  

c l e a n e r  w i l l  be completed a f t e r  r e c e i p t  o f  t h e  u n i t  from t h e  vendor. 

T rans fe r  Arm 111. -- Detail design of  t h e  t r a n s f e r  arm i s  complete 

and has  been checked f o r  co r rec tness .  

f o r  f i n a l  approval. 

The design is  now being processed 

Miscellaneous Containers and Magazines. -- Containers  and magazines 

used f o r  t r anspor t ing ,  feeding, and c o l l e c t i n g  small i t e m s  t o  t h e  v a r i o u s  

equipment i n  c u b i c l e  3 were bench t e s t e d  and appeared t o  be s a t i s f a c t o r y .  

5.3.2 Cubicle 2 

The process flowsheet and equipment layout f o r  cub ic l e  2 have no t  

changed. Conceptual designs on two items of equipment, which had been 

approved, were r ev i sed  and reissued.  

equipment has  s t a r t e d .  Fabr i ca t ion  was completed on one i t e m  of  equip- 

ment; cons t ruc t ion  of  one major equipment group i s  about 90% complete. 

Detail design of fou r  p i eces  of  

. 
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- P e l l e t  Inspec t ion  and LoadinP Equipment .--Machining of t h e  va r ious  

p a r t s  of t h e  p e l l e t  inspec t ion  and loading equipment i s  complete, and 

assembly i s  under way. 

End-Cap iqeldina Machine. -- Conceptual design of  t h e  end-cap welding 

equipment i s  being defer red  u n t i l  a r e l i a b l e  welding procedure can be 

developed. 

Helium Leak Tes t  System. -- Equipment f o r  test  and eva lua t ion  of 

t h e  s impl i f i ed  helium lealc test  system, as o u t l i n e d  i n  t h e  previous 

r epor t ,  w a s  assembled. 

chamber sea l ing  cap, and thinning of  t h e  "O-ring" holding d i sk  t o  g ive  

more O-ring compression, decreased t h e  leak  rate of t h e  chamber from 

1.5 x 10'' s t d  cc/sec t o  1.5 t o  2.0 x 

The use of a l a r g e r  spr ing  on t h e  l e a k - t e s t -  

s t d  cc/sec.  Addit ional  

design i s  under way on the  disconnects  t h a t  w i l l  be used f o r  removal 

and replacement of t h e  two 4-in.-diam absolu te  f i l t e r s  requi red  i n  t h e  

system. 

of t h e  leak  d e t e c t o r  a t  d i s t ances  up t o  50 f t .  

In te rconnec t ing  cab le s  were assembled f o r  t h e  remote ope ra t ion  

Hydrostatic-Collapse Equipment. -- Fabr i ca t ion  of  t h e  h y d r o s t a t i c  

pressure  chamber i s  s t i l l  being de fe r r ed  u n t i l  more da t a  are obta ined  

on t h e  p re s su re  requirements.  

methods (Magneforming) t h e  r a d i a l  gap between p e l l e t  and l i n e r  was 

reduced t o  a range of 0.0002 t o  0.0005 in .  This  gap v a r i e d  from 0.0005 
t o  0.001 in .  f o r  hydros ta t ic -pressure  co l l apse .  Tubing and p e l l e t s  a r e  

being f a b r i c a t e d  t o  conduct add i t iona l  t e s t s  wi th  t h e  Magneform machine. 

By t h e  use of magnetic-pulse forming 

Target  Ul t rasonic  Cleaner.  -- Deta i l  design of t h e  t a r g e t  u l t r a s o n i c  

c l eane r  is  about 30% complete. Vendors a r e  being consul ted  f o r  comments 

on t h e  proposed design t o  determine power requirements and t h e  optimum 

con ta ine r  conf igura t ion .  

Tarpet Transfer  Arm 11. -- Conceptual design of  t h e  t a r g e t - t r a n s f e r  

arm has  been delayed pending add i t iona l  design information on t h e  process  

equipment i n  t h e  cells and a f i r m  design of t h e  t a rge t - rod  conf igura t ion .  

. 

Target  Transfer  t o  Cubicle 1. -- Studies  showed t h a t  t a r g e t  rods 

cannot be success fu l ly  co l lapsed  with t h e  hexagonal cans i n  p lace  but 

t h a t  t h e  hexagonal can should be a t tached  remotely following co l l apse .  
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The d e t a i l e d  design of  t h e  t a r g e t - t r a n s f e r  equipment w a s  c u r t a i l e d  u n t i l  

a new concept could be e s t a b l i s h e d  f o r  t r a n s f e r r i n g  an intermediate  f inned 

tube.  The o r i g i n a l  concept w a s  r e v i s e d  and approved. 

5.3.3 Cubicle 1 

The process  flowsheet and equipment layout  f o r  cub ic l e  1 have not  

changed. 

t a r g e t  surface-smear f i x t u r e  and t h e  dimensional i n spec t ion  f i x t u r e .  

Detail  design of t h e  t a r g e t  receiver which receives t h e  t a r g e t  rods from 

t h e  above t r a n s f e r  device was s t a r t e d .  Other designs f o r  c u b i c l e  1 w i l l  

be expanded when t h e  t a rge t - rod  design has  been f i rmly  e s t ab l i shed .  

Conceptual designs and design s t u d i e s  were s t a r t e d  on t h e  

6. DESIGN STUDIES 

W. E .  Unger 

6.1 Design o f  "Hot" Development F a c i l i t y ,  Cells 3 and 4, Building 4507 

F. L. Pe i she l  P. L. Robertson 
E. M. Shuford W. R. Whitson 

The design of  a l l  equipment and accesso r i e s  f o r  ce l l  4 ,  Building 

4507, i s  complete except f o r  adap ta t ion  of a UCRL remte sampling device 

t o  the  equipment i n  t h e  ce l l  and v a r i o u s  minor i t e m s .  

e l e v a t i o n  of t h e  f i n a l  layout  are shown i n  F igs .  20 and 21. 

The plan and 

Modif icat ions t o  t h e  bearing design of  t h e  mixer-settlers is  r equ i r ed  

because of  t h e  f a i l u r e  of t he  graphite-ceramic combination during co ld  

t e s t i n g .  

u n t i l  f u r t h e r  work can be done t o  improve t h e  more c o r r o s i o n - r e s i s t a n t  

system. 

The modified u n i t s  w i l l  use  b a l l  bear ings on t h e  impel ler  s h a f t s  

The i n s t a l l a t i o n  of  ce l l  piping and t h e  bu i ld ing  of  equipment racks 

i s  proceeding at an a c c e l e r a t e d  rate t o  enable  an e a r l y  "cold1' s t a r t u p  

( t a r g e t  date:  May 10, 1963). Except f o r  t h e  sample-removal cub ic l e ,  t h e  

major components o f  t h e  makeup area, ope ra t ing  area, and t h e  roof area 

are i n s t a l l e d  o r  f a b r i c a t e d  and awaiting i n s t a l l a t i o n .  

All equipment t o  be tantalum p l a t e d  w a s  prepared f o r  t r a n s f e r  t o  

Parma, Ohio. 

t h e  f a i l u r e  of  tantalum t o  bond t o  Hastel loy C.  

T e s t s  conducted a t  ORNL and Parma ind ica t ed  t h e  cause of 

It i s  a t t r i b u t a b l e  t o  
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t he  b r i t t l e n e s s  of t h e  i n t e r m e t a l l i c s  of  tantalum and n i c k e l  formed a t  

t h e  i n t e r f a c e .  Parma Laboratory proposes t h e  e l e c t r o d e p o s i t i o n  of 0.0002 

t o  0.0005 in .  o f  copper t o  t h e  Has te l loy  C before  tantalum p l a t i n g ,  

thereby providing a d i f f u s i o n  b a r r i e r .  

t i o n  a t  ORNL i n d i c a t e s  t h a t  t h e  copper does not  a c c e l e r a t e  co r ros ion  

r a t e s  of t h e  base ma te r i a l .  Parma Laboratory was i n s t r u c t e d  t o  proceed 

with a p p l i c a t i o n  of t h e  copper f l a s h .  

Prel iminary co r ros ion  informa- 

Tests a r e  being conducted wi th  tantalum disconnects  t o  f u r t h e r  

improve t h e i r  r e l i a b i l i t y .  Burnishing t h e  sea l ing  su r faces  produced a 

s a t i s f a c t o r y  j o i n t  which remains l e a k t i g h t  a f t e r  s eve ra l  makes and, 

breaks.  

The americium-curium r a r e  e a r t h  so lu t ion ,  remaining from processing 

the  burnup sample TRU rods i n  c e l l  1 of Building 4507, i s  now s t o r e d  i n  

tank T-417 i n  ce l l  4. 

I n  e a r l y  February 1963, a c r i t i c a l - p a t h  a n a l y s i s  of  t h e  remaining 

work t o  be done i n  Building 4507 (cell 4) i nd ica t ed  t h a t  a start  da t e  

f o r  co ld  ope ra t ions  of  May 10, 1963, might be achieved. 

A subsequent updating based on f i rmer  shop e s t ima tes  showed t h a t  

un le s s  t h e  i n - c e l l  piping and t h e  mixer -se t t le r - rack  p ip ing  a c t i v i t y  

could be acce le ra t ed ,  t h e  co ld  s t a r t u p  da te  would be extended. E f f o r t s  

a r e  under way t o  reduce these  times. 

6.2 Design of Chemical Processing Equipment 

V. D. Burch 0. 0. Yarbro 

6.2.1 Flowsheets 

The engineer ing f lowsheets  were completed f o r  check-print  d i s t r i b u -  

t i o n .  Excessive crowding on two of  t h e  f lowsheets  made it necessary f o r  

t hese  t o  be redrawn and s p l i t  i n t o  fou r ;  a t o t a l  o f  15 engineer ing flow- 

s h e e t s  thus  r e s u l t .  Refinements incorpora ted  i n t o  t h e s e  f lowshee ts  must 

be r e f l e c t e d  by r a t h e r  s i g n i f i c a n t  r e v i s i o n s  t o  t h e  prev ious ly  i s sued  

equipment f lowsheets .  
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6.2.2 ,Detailed Design a t  ORGDP 

Progress  on t h e  design of t he  chemical processing equipment has  

a c c e l e r a t e d  with t h e  start  of d e t a i l e d  design a t  ORGDP i n  January. 

i n i t i a l  group of fou r  engineers  and two draftsmen w i l l  be augmented by 

fou r  o r  f i v e  a d d i t i o n a l  draftsmen as soon as they can be e f f i c i e n t l y  

u t i l i z e d .  Ib rk  i s  i n  progress i n  the  following areas: 

The 

1. Equipment Rack I4oclrup Tests: A l t e r n a t e  designs f o r  t h e  seivice- 

l i n e  manifold connections on t h e  s i d e  of  t h e  equipment rack and t h e  

process jumper l i n e s  t o  t h e  hot  disconnect well are completed. ?4ockups 

w i l l  be f a b r i c a t e d  and t e s t e d  i n  o r d e r  t o  spec i fy  t h e  b e s t  design. 

2. In-Cell  Sampler: Design of  a 1 2 - s t a t i o n  i n - c e l l  sampler i s  75% 

complete. A mockup w i l l  be cons t ruc t ed  f o r  t e s t i n g  c r i t i c a l  i t e m s  such 

as sample-bottle e l e v a t i n g  mechanism, needle  block replacement and o t h e r  

maintenance problems. 

3. Hot-Disconnect-Well Track Arrangement: The concept f o r  replac-  

ing t h e  ho t  disconnect well by lowering it  onto t r a c k s  i n s t a l l e d  below 

t h e  c u b i c l e  and removing i t  i n t o  t h e  tank p i t 9  has  been d e t a i l e d .  

Clearances are s m a l l  but  appear t o  be adequate. A mockup w i l l  be b u i l t  

t o  tes t  t h e  removal procedure. I 

6.2.3 Ion Exchange Column MockuE 

An ion exchange column mockup was designed and b u i l t  (Fig. 22) of 

g l a s s  with s t a i n l e s s  s teel  i n t e r n a l s  t o  test (1) r e s i n  loading and 

unloading and (2) r e s i n  r e t e n t i o n  during upflow loading. Resin i s  

loaded as a d i l u t e  s l u r r y ,  t h e  r e s i n  being r e t a i n e d  between 100-mesh 

screens as t he  excess water flOt7S t o  waste. Upflow loading i s  d e s i r a b l e  

t o  minimize gassing problems, so p rov i s ions  were made t o  r e t a i n  t h e  bed 

through use of a movable top  screen.  

hydraul ic  f o r c e  t o  a small c y l i n d e r  a t t ached  t o  t h e  screen. It i s  hoped 

t h a t  by making clearances s m a l l  (less than 0.010 in.)  between t h e  column 

and upper screen support ,  no f l e x i b l e  gasket  o r  wiper w i l l  be r equ i r ed  

t o  prevent r e s i n  from being washed by t h e  screen. The O-ring seals on 

The bed i s  he ld  down by applying 

D. E .  Ferguson, TRU Quart .  Progr. Rep t .  Feb. 28, 1962, ORNL-3290, 9 

p 58. 
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t h e  hydraul ic  p i s t o n  w i l l  be designed t o  be replaced remotely i f  t h e  

o t h e r  f e a t u r e s  appear workable. Removal o f  t h e  r e s i n  w i l l  be accomp- 

l i s h e d  by s l u r r y i n g  t h e  r e s i n  wi th  water from o u t s i d e  t h e  ce l l .  Water 

w i l l  be introduced both a t  t h e  t o p  and bottom of  t h e  column. 

6.2.4 Material Se lec t ion  f o r  Process Tubinq 

Information obtained r e c e n t l y  on t h e  co r ros ion  of Zircaloy-2 and 

on the  r e l a t i v e  c o s t  of Hastel loy C and Zircaloy-2 show t h a t  a more 

0 c o r r o s i o n - r e s i s t a n t  piping system can be i n s t a l l e d ,  probably a t  a cheaper 

t o t a l  c o s t ,  i f  t h e  piping system i s  b u i l t  e n t i r e l y  of  Zircaloy-2, r a t h e r  

- than a combined Zircaloy-2--Hastelloy C system. I n  gene ra l ,  low-temp- 

e r a t u r e  co r ros ion  rates on Zircaloy-2 are 10 t i m e s  lower than co r ros ion  

rates f o r  Hastel loy C .  Tubing r a w  material c o s t s  based on r ecen t  firm- 

pr ice  quo ta t ions  have been est imated a t  $48,000 f o r  t he  combined system 

and $55,000 f o r  t h e  a l l -Z i r ca loy -2  system, but  s u b s t a n t i a l  savings i n  

i n s t a l l a t i o n  c o s t s  w i l l  r e s u l t  through t h e  e l imina t ion  of  one s p e c i a l  

material from t h e  job. The f i g u r e s  quoted do no t  include c o s t s  f o r  

tantalum and s t a i n l e s s  s t e e l ,  which w i l l  add $10,000 t o  $15,000 t o  t h e  

t o t a l .  Based on t h i s  ana lys i s ,  t h e  r e q u i s i t i o n  f o r  $28,000 worth of 

Hastel loy C tubing w a s  cance l l ed  p r i o r  t o  placing a f i r m  purchase o rde r .  

6 . 3  TRU Processing P lan t  Building Design 

G. B. Berry B. F. B o t t e n f i e l d  E. J. Breeding 
F. L. Hannon W. L. Morgan * 

6.3.1 Building Design 

.) The complete s e t  of drawings and s p e c i f i c a t i o n s  f o r  t h e  lump-sum 

c o n t r a c t  b i d  package f o r  t he  TRU p l a n t  bu i ld ing  was reviewed and approved 

by ORNL and t h e  AEC-ORO, and t h e  package w a s  de l ive red  t o  Oak Ridge f o r  

reproduction and i s s u e  f o r  b ids ,  es t imated t o  t ake  place about mid-March. 

The f i n a l  package contained 69 c o n t r a c t  s p e c i f i c a t i o n  s e c t i o n s  and 391 

c o n t r a c t  drawings, i n  a d d i t i o n  t o  3 s p e c i f i c a t i o n s  and 32 drawings f o r  

information only.  

Purchase r e q u i s i t i o n s  were i s sued  f o r  all items t o  be procured by 

The p resen t  estimates of d e l i v e r i e s  ORNL f o r  t h e  lump-sum con t rac to r .  
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i n d i c a t e  t h a t  a l l  m a t e r i a l s  w i l l  be on hand f o r  t h e  con t r ac to r  a s  r e -  

qu i red  t o  maintain h i s  cons t ruc t ion  schedule. 

The procurement of add i t iona l  i t e m s  of equipment, such a s  t h e  

i n t e r c e l l  conveyor, t h e  waste- tank-pi t  processing equipment and waste 

header,  and t h e  v e s s e l  o f f -gas  scrubber and header w i l l  be i n i t i a t e d  

during t h e  next  q u a r t e r .  

6.3.2 Mechanical Equipment Desipn 

I n t e r c e l l  Conveyor. -- Design of a l l  i n t e r c e l l  conveyor components 

except t h e  va lve  panel,  c a n i s t e r ,  and con t ro l  s t a t i o n  was completed, and 

t h e  drawings were i ssued  f o r  approval.  

Drawings of t h e  conveyor housing were r ev i sed  t o  incorpora te  broader 

to l e rances  where poss ib l e  i n  o rde r  t o  s impl i fy  f a b r i c a t i o n  and i n s t a l l a -  

t ion. 

Equipment Transfer  Case. -- Deta i led  design of a l l  components of 

t he  equipment t r a n s f e r  case  was completed except f o r  c o n t r o l  components, 

which have been i ssued  f o r  approval.  

Fab r i ca t ion  of top  and bottom assembly components are about 90% 
complete. 

C e l l  Cubicle.  -- Drawings of t h e  f l o o r  pans were r ev i sed  to  incorp- 

o r a t e  broader to l e rances  where poss ib l e  t o  s impl i fy  f a b r i c a t i o n ,  and the 

hor i zon ta l  o v e r a l l  dimensions were reduced t o  f a c i l i t a t e  i n s t a l l a t i o n .  

Drawings of t h e  back wa l l s  were rev ised  to  provide cool ing  system 

pene t r a t ions  i n  a l l  cub ic l e s  and removable panels  f o r  access  t o  cub ic l e s  

i n  cells  8 and 9. 

i 

C a r r i e r  CharEinP Mechanism. -- Prel iminary design was r e c e n t l y  

i n i t i a t e d  on components t o  be i n s t a l l e d  beneath t h e  t r a n s f e r - a r e a  cub ic l e  

f l o o r  pan t o  accomplish cub ic l e - to -ca r r i e r  t r a n s f e r .  

6.4 C r i t i c a l  Path Schedule Analysis  

B. N. Robards 

New manpower l eve l ing  f o r  ORNL design was completed i n  January 1963. 

The r e s u l t s  of  t h i s  l eve l ing  were incorporated i n t o  t h e  TRU Master Schedule . 
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t o  prevent u n r e a l i s t i c  s tar t  t i m e s  from being imposed on t h e  design and 

subsequent ac t iv i t i e s  and t o  o b t a i n  a more accu ra t e  p i c t u r e  o f  t h e  avail- 

a b l e  f l o a t .  

An ORNL T i t l e  I1 design "S" curve, Fig.  23, dep ic t ing  t h e  p ro jec t ed  

percentage completion of T i t l e  I1 design as a func t ion  of  t i m e  i n  p r o j e c t  

days v7as obtained from t h e  l eve led  master schedule. 

used i n  a monthly eva lua t ion  of ORNL T i t l e  I1 design progress.  

This  curve i s  being 

The f i r s t  monthly review of t h e  TRU p r o j e c t  was he ld  February 8. 

These meetings are intended t o  p re sen t  t o  p r o j e c t  management and o t h e r  

i n t e r e s t e d  personnel t h e  s t a t u s  of  QRNL p a r t i c i p a t i o n  on t h e  p r o j e c t .  

Each phase of  t h e  p r o j e c t  was reviewed, w i th  emphasis on p a r t i c u l a r  

t r o u b l e  areas and immediate needs. 

The bu i ld ing  cons t ruc t ion  s tar t  da t e  i s  now June 10, 1963, i n d i c a t -  

The p r o j e c t  c r i t i -  ing a bu i ld ing  completion da te  of  February 14, 1965. 

cal  path,  however, i s  s t i l l  governed by ORNL procurement of t h e  ce l l -  

shielding-window sleeves. 

sleeves i s  January 20, 1964. 

of March 1, 1963, i n  which ORNL must select t h e  vendor, approve t h e  

design, v a l i d a t e  t h e  mockup tests, and d e l i v e r  t h e  window sleeves t o  

t h e  bu i ld ing  con t r ac to r .  

The r equ i r ed  d e l i v e r y  d a t e  o f  t h e  window 

Th i s  leaves a pe r iod  of 10-1/2 months as 

7. ANALYTICAL DEVELOPMENT 

L. T. Corbin J. C. White 

7.1 Ana ly t i ca l  Radiochemical Methods Development 

F. L. Moore 

During t h e  pe r iod  j u s t  ended, n ine  methods were w r i t t e n  f o r  t h e  TRU 

s e c t i o n  of  t h e  ORNL Blaster Ana ly t i ca l  Manual t o  be used i n  v a r i o u s  ana- 

l y t i c a l  l a b o r a t o r i e s .  These are: 

Gross alpha, d i r e c t  method 

Gross alpha, LaF3 method 

Gross alpha, amine e x t r a c t i o n  method 

Plutonium alpha, LaF3 method 
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Plutonium alpha, TTA method 

Transplutonium alpha, LaF3 method 

Transplutonium alpha, amine e x t r a c t i o n  method 

Alpha spectrometry, s i l i c o n  diode d e t e c t o r  

Americium, o x i d a t i o n  method 

Several  approaches are under i n v e s t i g a t i o n  f o r  t h e  d i r e c t  i n s t r u -  

mental determinat ion of ca l i fo rn ium i so topes  involving alpha spectrometry 

and f i s s i o n  counting. 

249 Some t i m e  has  been spent i n  t h e  recovery and p u r i f i c a t i o n  o f  Bk 

and Cf252 i so topes  from a n a l y t i c a l  wastes i n  o r d e r  t o  o b t a i n  tracers 

f o r  f u r t h e r  s t u d i e s .  

Work i s  nea r  completion on a new method f o r  C S ' ~ ~ ,  one of t h e  major 

f i s s i o n  products  t o  be determined i n  t h e  TRU program. The method r e s u l t s  

from recen t  developments f o r  i n h i b i t i n z  t h e  a l k a l i n e  hydro lys i s  of TTA. 

Highly-select ive,  e s s e n t i a l l y  q u a n t i t a t i v e  e x t r a c t i o n  of Cs137 i s  poss ib l e  

wi th  TTA d i s so lved  i n  so lven t s  containing t h e  n i t r o  group. 

of  l i t h i u m  markedly enhance t h e  e x t r a c t i o n .  

Small amounts 

Th i s  method i s  p o t e n t i a l l y  

u s e f u l  f o r  t h e  prel iminary remote i s o l a t i o n  of Cs137 from TRU so lu t ions ,  

p r i o r  t o  bench work o r  r a d i o a c t i v i t y  measurements. 

i n  a forthcoming ORNL-CF memo. 

Details w i l l  appear 

7.2 Absorption Spectrophotometric S tud ie s  

D. A. Costanzo 

A computer program was w r i t t e n  which makes poss ib l e  t h e  r ap id  

a n a l y s i s  of spectrophotometric d a t a  f o r  multicomponent systems t h a t  are 

no t  at equilibrium. The spectrophotometric technique was employed t o  

fol low t h e  course of t h e  r e a c t i o n s  f o r  t h e  simultaneous disproport iona-  
4+ t i o n  and polymerization of  i o n i c  Pu 

determine t h e  exact concentrat ions of i o n i c  Pu 

well as t h e  polymerized Pu 

obtained f o r  t h ree -  and four-component systems o f  known k i n e t i c s  i nd i -  

cate an e r r o r  of  t h e  method of w i th in  &l%. 

. The program w a s  u t i l i z e d  t o  

, as 
3+ 6+ , Pu4+ and Pu 

4+ i n  t h e  r e a c t i n g  mixture. The r e s u l t s  



. 
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