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Separa t ion  of B io log ica l  Macromolecular Substances.  The l a b o r a t o r y  

p rocess  f o r  e x t r a c t i n g  mixed t - W A  from E. & c e l l s  w a s  modif ied and 

sca l ed  up t o  the product ion  of  1. kg. An o u t l i n e  of  the pu.r i f icat iorn 

procedure i s  p re sen ted .  Continuous a p e r a t i o n  of the fermenter  was 

demonstrated f o r  80 h r  and was stopped a f t e r  300 kg of ce l l s  had been 

produced 

Radia t ion  Res is tance  of P r o t e c t i v e  Coat ings ( P a i n t s )  a - Continued 

screening  of coa t ings  has d iscovered  tha-ec t h a t  can t o l e r a t e  up t o  

8 x 10 K of gamma r a d i a t i o n  when exposed i n  de ionized  water. 

60% more than f o r  any coa t ing  p rev ious ly  t e s t e d .  

r ad ionuc l ides  a f t e r  exposure to cond i t ions  s imula t ing  release of 

r a d i o a c t i v i t y  from a r e a c t o r  cxcur s ion  has been measured. The v iny l  

c o a t i n g s  show less r e t e n t i o n  khan o the r  g e n e r i c  types .  I n  an attempt 

t o  s t a n d a r i z c  decontaminat ion tests of p r o t e c t i v e  coa t ings ,  a new nietailsd 

w a s  t e s t e d ,  It i s  more r ep roduc ib le  and causes  less  damage t o  the coa t ings  

than  t h e  o l d  method. 
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exceeding 7 l i t e r s / m i n  (A/O = 3 )  were commonplace wi th  hexone-acet ic  

a c i d  systems, where the  p h y s i c a l  p r o p e r t i e s  are n o t  very  d i f f e r e n t  from 

those  f o r  TBP-Amsco-NaNQ3. 

a c e t i c  a c i d  systems were a s  low as 2 see= p e r  t h e o r e t i c a l  s t a g e , )  

(Solvent  r e s idence  t i m e s  f o r  t he  hexone- 

I n  t h e  p r e s e n t  work, t h e  observed f low c a p a c i t i e s  f o r  hexone--l.r( 

and 1.0 M - Al(N03)3, 0.2 M - a c i d  d e f i c i e n t ,  were 2.8 and 5.9 l i t e r s l m i n  

(A/O = 3 ) ,  r e s p e c t i v e l y .  

were somewhat h ighe r  (0.474 and 0.356 g / c c ,  r e s p e c t i v e l y )  than f o r  t h e  

systems desc r ibed  above, t hese  flow c a p a c i t i e s  are amazingly high when 

cons ide r ing  t h e  aqueous-phase v i s c o s i t i e s  and thc p a s t  h i s t o r y  of t he  

con tac to r  ope ra t ing  wi th  aqueous s o l u t i o n s  having v i s c o s i t i e s  g r c a t c r  

than  1 c e n t i p o i s e .  The data shown i n  Fig.  1.1, ( l a r g e l y  taken from a 

previous  repor t ) '  show qui te  v i v i d l y  t h a t  t he  hexane f lowsheets  con- 

s i s t e n t l y  e x h i b i t  h ighe r  flow c a p a c i t i e s  than f lowshee ts  us ing  an  h s c o  

d i l u e n t ,  i n  s p i t e  of t he  h igh  aqueous-phase v i s c o s i t i e s  when us ing  a c i d  

d e f i c i e n t  aluminum n i t r a t e  m 

Although t h e  d e n s i t y  d i f f e r e n c e s  between phases  

Flooding d a t a  were a l so  obta ined  €or  a system e x h i b i t i n g  an. extremely 

h igh  solvent-phase v i s c o s i t y ;  namely, mineral  o i l - -0 .01  M m03. The 

flow c a p a c i t y  (A/O = 3 )  f o r  t h i s  f lawshee t  w a s  3.9 and 4.3 l i t e r s l m i n  

a t  28 and jr-O"C, r e s p e c t i v e l y ,  and f i t s  r a t h e r  well w i t h  the f looding  

d a t a  c o r r e l a t i o n  f o r  f lowshee ts  us ing  an  Amsco di luezz t  (F ig .  1.1). 

h igh  throughput f o r  a system e x h i b i t i n g  a solvent-phase v i s c o s i t y  of  

116 c e n t i p o i s c s  (28°C) bea r s  ou t  t he  assumption t h a t  dispersed-phase 

v i s c o s i t y  has  l i t t l e  i f  any e f f e c t  on flow c a p a c i t y .  The high i n t e r f a c i a l  

tension f o r  t h i s  system (more than  $0 dynes/cm) c o n t r i b u t e s  t o  the observed 

- 

T h i s  

throughpI.lt a 

Complete f looding  d a t a  f o r  t h e  p r e s e n t  f lowsheets  a r e  shown i n  F i g .  1.2 

and Tab le  1.1. Phys ica l -proper ty  data f o r  t he  solutions t e s t e d  are a l s o  

given i n  T a b l e  1.1. The range o f  physFca3- p r o p e r t i e s  f o r  a l l  the s o l u t i o n s  

t e s t e d  so  f a r  with t h e  s tacked-clone con tac to r  i s  as fo l lows :  d e n s i t y  

'uni t  _Operations Sec t ion  Q u a r t e r l y  ~ r % r e s s  R%ort,Ge IS, 
om-3868 . 
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Table 1.1 Flooding Data and Physical Prope r t i e s  of the Solutions 

A/O = 1 
A I 0  = 3 
A/O = 10 

Temperature, 'C 

3430 
5880 

24 



d i f f e r e n c e  between phases ,  0.121 t o  0.474 g/cc;  aqueous-phase v i s c o s i t y ,  

0.66 t o  4.1r( c e n t i p o i s e s ;  organic-phase v i s c o s i t y ,  0.55 t o  116 e e n t i p o i s e s ;  

i n t e r f a c i a l  t ens ion ,  6.'r t o  $2.7 dynes/cm. 

Performance d a t a  f o r  the s tacked-clone con tac to r  f o r  the mass transfer 

of uranyl. n i t r a t e  i n  a hexone--l.7 M __* A1(N03),--0.2 M - a c i d  d e f i c i e n t  system 

are presented  i n  Tab le  1.2* The uranium d i s t r i b u t i o n  c o e f f i c i e n t  f o r  t h i s  

f lowsheet  was dependent upon the  s ixth power of  the aluminum concent ra t ion ,  

a f a  e t ne c e s s i t a t i. rig e x t r erne 1 y p re  c. i s e me a s ~.zr enie n t s o f a lumi nuni c once n - 
t r a t i o n  . S l i g h t  v a r i a t i o n s  in a1umim.m n i t r a t e  con ten t  between aqueous 

feed  s o l u t i o n s  i n  e x t r a c t i o n  and s t r i p p i n g  modes prevented the  use  of t h e  

usual. approach t o  e q u a l i z e  e f f i c i e n c i e s  i n  each mode, where t h e  s l o p e  of 

t h e  equ i l ib r ium r e l a t i o n  i s  a d j u s t e d  s l i g h t l y  t o  e f f e c t  the equa l i z ing  of 

e f f i c i e n c i e s  . Rather, ad jus tments  were made by us ing  d i f f e r e n t  va lues  o f  

t h e  s lope  i n  each mode, main ta in ing  the proper  d i f f e r e n c e  between. t he  

s lopes  ( d i s t r i b u t i o n  c o e f f i c i e n t s )  as d i c t a t e d  by r e s u l t s  of aluminum 

determina t ions .  This  procedure a l s o  minimized the e f t i c i e n c y  dependence 

on flow r a t i o .  

Although 36 runs  were made i n  d u p l i c a t e  w i t h  t h i s  f lowsheet ,  only 

17 were use fu l  i n  e s t a b l i s h i n g  a good average mass- t ransfer  e f f i c i e n c y .  

I n  o t h e r  runs,  e i t h e r  the  a c i d  de f i c i ency  and/or t he  f l o w  r a t i o  w a s  n o t  

p ~ ~ p e r ,  o r  m a t e r i a l  ba lances  w e r ~  poor,  causing McCabe-ThicIc-type ca l -  

c u l a t i o n s  t o  g ive  meaningless  r e s u l t s  

were made, so no s t r i p p i n g  d a t a  were a v a i l a b l e  t o  a l low a d j u s t e d  e f f i c i e n c i e s  

t o  be obta ined .  

I n  some cases only  e x t r a c t i o n  runs  

For the 17 u s e f u l  dup l i ca t ed  runs,  an average s t a g e  e f f i c i e n c y  of 6976 
w a s  ob ta ined  a t  a nominal f low r a t i o  (A/O) of 11 and at flows approximately 

60% of  the flow c a p a c i t y  a t  f lood ing ,  



Aqueous phase: 
Organic phase : Hexone 
Distributing species : U O ~ ( N O ~  l2 

1.7 M, Al(N03)3, 0.2 M, ac id  deficient 

Hexur - 14 29 8.13 s 10.47 5440 83.5 10.0 4.54 5 
28 10.38 10.14 5370 67.9 7.7 3 065 5 
28 11 . 16 11.53 5650 46.6 2.4 2.63 3 

Hexur - 29 
Hexur - 34 

69.0 (Average 



2. PROCESSING STUDIES FOR THE MOLTEN-SALT KEACTDR 

2 . 1 Chromium Fluor ide  Trappimg 

L. E.  McNeese 

A t  the concl-usion of t e s t s  on the  Molten-Salt  Reactor Experiment, 

uraniuin w i l l  be recovered f rom the f u e l  s a l t  as UF6 by sparg ing  the  s a l t  

w i th  F2. F luo r ides  of  chromium w i l l  be  p r e s e n t  i n  the f u e l  salt as a 

r e s u l t  of co r ros ion  of t h e  r e a c t o r  p ip ing  and of t h e  equipment used f o r  

hydro f luo r ina t ing  o r  f l u o r i n a t i n g  the s a l t  A potent ia l .  p roblem 

a s s o c i a t e d  wi th  recovery  of t h e  uranium i s  the  presence  o f  v o l a t i l e  

f l u o r i d e s  of chromium (CrF4 and Cr:F5) i n  t h e  E luor ina to r  o f f -gas ;  these 

f l u o r i d e s  can n o t  on ly  contaminate the UF6 product  b u t  can a l s o  render  

equipment i n o p e r a t i v e  by depos i t i ng  in l i n e s ,  va lves ,  e t c .  Work i s  i n  

p r o g r e s s  which w i l l  permi t  the des ign  o f  a t r app ing  system f o r  removing 

t h e s e  f l u o r i d e s  from the off-gas ,  which w i l l  a l s o  conta in  UFs and FZS1' 

A d e s c r i p t i o n  of equipment and i n i t i a l  t es t s  f a r  e v a l u a t i o n  of NaF as 

a t r app ing  material has  been r e p o r t e d  p rev ious ly .  It was concluded 

from t h e s e  t es t s  t h a t  p e l l e t e d  NaF having a su r face  area 0.Or& m2/g and 

a void  f r a c t i o n  of 0.277 was s u p e r i o r  to p e l l e t e d  NaF having a s u r f a c e  

area of 0.45 f o r  re.moving chromium f l u o r i d e s  from a gas  stream con ta in ing  

F~ a t  h-00"~.  

4 

S i x  a d d i t i o n a l  tests on the low-surface-area NaF f o r  determining i t s :  

c a p a c i t y  fo r  chromium f l u o r i d e  and f o r  determining the e x t e n t  0% i n t e r -  

a c t i o n  between UF6 and Lhe chromium-sodium f l u o r i d e  complex have been 

c a r r i e d  o u t  and are di-sci-issed in the remaindcr o f  t h i s  s e c t i o n .  

2 . 1.1 Conc l u s  ions and Future  Work 

Based on the  r e s u l t s  t o  da te ,  i t  can be coizcluded t h a t :  

1. Fixed beds of NaF a t  400°C are e f f e c t i v e  i n  removing f l u o r i d e s  

of chromium from a gas  stream which a l s o  con ta ins  UF6 and F2. 

4 
0 ~ ~ ~ ~ 3 8 6 8  . 
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F l u o r i d e  R e m o v a l  Runs CR-'T through CR-10  . 
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f o r  Chromium Fluor ide  Removal Run CR-16.  
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PHOTO 80066 

F i g .  3.3- Sheared Consol idated Edison Core R F u e l ,  

Blade: S t e p p e d  shape d u l l e d  by previous  u s e .  
Note: Clearance betwccn f i x e d  and moving b l ade  20 mils, 
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PHOTO 81101 

F i g .  3.4 Sheared E l k  River  F u e l .  Long p ieces  i n  foreground are 
froi-11 t e rmina l  c u t ;  p ieces  of g r id - type  spacers are on the  r i g h t .  

Note:  Clearance between f ixed  and moving b lade  3-5 m i l s .  
Blade: Stepped in new cond i t ion .  
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A t y p i c a l  s c reen  a n a l y s i s  i s  shown i n  Table 3.1. Experimental  cond i t ions  

f o r  t hese  t e s t s  a r e  shown i n  Table 3.2. 

Opera t ion  dur ing  t h e  f i r s t  r u n  (FBVE-2) was unevent fu l .  The p r e s s u r e  

d i f f e r e n c e  a c r o s s  t h e  bed remained cons t an t  a t  about  1.0 p s i g .  The 

p r e s s u r e  drop a c r o s s  the  f i l t e r  reached a maximum of 0.1 ps ig ,  we1.1. below 

t h e  0.8 p s i g  a t  which blowback w a s  scheduled. 'She f u e l  assembly r e s t e d  

on a bed of nickel.  sho t  about  &-in. f r o m  the  bottom of t h e  r e a c t o r ,  and 

t h e  temperature  of t he  bottom p a r t  of t he  f u e l  assembly probably d i d  n o t  

exceed 300°C. A radiograph showed ex tens ive  a t i x c k  a t  the t o p  and along 

one edge of t h e  fuel. assembly. 

t he  unreac ted  f u e l  w a s  found t o  be embedded i n  a cake of  alumina that had 

a l a r g e  blow ho le  i n  i t  next  t o  t h e  edge of t he  f u e l  assembly, which had 

r e a c t e d  wi th  the IfFt'42 mix ture ,  Since the c.aked alumina w a s  n o t  mixed 

wi th  any of t he  f i n e l y  d iv ided  r e a c t i o n  products ,  i t  appa ren t ly  had caked 

before  the r e a c t i o n  s t a r t e d ,  perhaps dur ing  p rehea t ing .  

When the  bottom o f  t h e  rea.ctor was removed, 

The f u e l  assembly f o r  t h e  second run  (FBVE-3) r e s t e d  on a n i c k e l  

g r a t e  9 i n .  above t h e  bottom o f  t he  r e a c t o r  t o  ensure  that t h e  e n t i r e  

assembly w a s  a t  t he  reactor temperature .  

t r a n s i e n t s  occurred dur ing  t h e  r u n  (bed M ,  5.0 p s i g ;  f i - l t e r  AP, 0.12 ps ig ,  

max.), and f i l t e r  blowback w a s  no t  r e q u i r e d ,  

i n d i c a t e d  ex tens ive  a t t a c k  on a l l  t h e  s i d e  rods of t h e  f u e l  a r r ay ,  w i th  

some a t t a c k  on the bottom of the c e n t e r  rod.  Examination o f  t he  material  

aga in  i n d i c a t e d  only  p a r t i a l  f l u i d i z a t i o n  because t h e  alumina below t h e  

g r a t e  conta ined  no f i n e  r e a c t i o n  products .  

No temperature o r  p re s su re  

A r a d i o g r a p h  of  the v e s s e l  

The t h i r d  run  (PBVE-)-r.) was made wi th  a 12-in.-lang fue l - rod  s e c t i o n  

c u t  from t h e  corner  o f  t h e  Consol idated Edison f u e l  assembly ( F i g .  3.5). 
Af t e r  2 h r  of  HF-02 exposure,  t h e  bed s t a r t e d  t o  cake,  Vibra t ing  the 

r e a c t o r  d i d  no t  help,  and the r e a c t o r  p1.ugged completely i n  t he  nex t  hour. 

P res su re  drop a c r o s s  t h e  bed inc reased  f r o m  3.0 p s i g  to more than 10 

be fo re  shutdown. Radiographs showed ex tens ive  a t t a c k  an t h e  bottom and 

a long  one edge of t h e  f u e l  assembly. Bed material. t h a t  had caked around 

t h e  unreac ted  s i d e s  of t h e  fuel. assembly conta ined  no r e a c t i o n  products ,  

i n d i c a t i n g  t h a t  i t  had caked ear ly  i n  the run,  Apparently caking s t a r t e d  
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Fig .  3.6 Isothermal Pressure Composition Diagram €or UF6-NbF5 
System at ~ S O ' C .  





Several methods f o r  ob ta in ing  the  composition of t h e  vapor i n  

equi l  ib r ium wi th  tlzc l i q u i d  under i so the rma l  c o n d i t i o n  were attempted, 

b u t  a1 1 were u n s a t i s f a c t o r y ,  The vapor composition da ta ,  a l s o  shown 

on P ig .  3.6, were s o  s c a t t e r e d  they  were useIess i n  determining a c t i v i t y  

c o e f f i c i e n t s ,  t hus  the i n d i r e c t  P - x  data were used, 

An. Ottnmer-type e q u i l i b r i u m  s t i  11'' w a s  b u i l t  and then  ope ra t ed  

i s o b a r i c a l l y  a t  4500 inm Hg. 

determi-Tied f o r  the e n t i r e  l i q u i d  composition rangc ( P i g  . 3.8) . 
The bubble and dew-point curves  were 

Method ..- f o r  m t i ~ i Q -  Coeff ic ienks - & c o g n i ~ i . t ~ g  t h a t  t h e  

assumptions oE an i d e a l  vapor phase and t h e  v a l i d i t y  o f  Dal ton ' s  law 

are quesbionable a t  the p r e s s u r e s  exper ienced  dur ing  these s t u d i e s  (6 a h  

i n  t h e  i sobar ic .  s t i l l . .  and up to 12.8 atni i n  t h e  isothermal.  s t i l l ) ,  we 

are t r y i n g  t o  c o r r e c t  the c a l c u l a t e d  a c t i v i t y  c o e f f i c i e n t s  f o r  the 

n o n i d e a l i t y  o f  the vapor phase ,  This w i l l  be done by an empirical.. method 

based on tEic theorem o f  corresponding s ta tes .  To do t h i s ,  the c r i t i c a l .  

c o n s t a n t s  of  UF6 and NbF, a r e  reqtaired. Those f o r  UF6 are avai%abl-e f rom 

t h e  l i t e r a tu re ,  b u t  none f o r  NbF, are a v a i l a b l e .  These are be ing  

determined by measuring t h e  pres%u~e-~em~erature r e l a t i o n s h i p s  ( i sochores  ) 
of several .  q u a n t i t i e s  of NbFS i n  a constant-volume bomb. 

the shape of  t h e s e  P-vs-T curves,  i t  i s  p o s s i b l e  t o  estimate the c r i t i c a l  

p r e s s u r e  and c r i t i c a l  tempera ture  reasonably w e l l ,  and t o  a l s o  o b t a i n  

a f a i r  estimate of c r i t i c a l .  d e n s i t y .  This is p o s s i b l e ,  s i n c e  a- loading  

of material less than  the c r i t i c a l  loading  ( f o r  a c r i t i c a l  loading,  the 

weight of material charged divided. by the voluine of t h e  bomb equa l s  

c r i t i c a l  d e n s i t y )  g i v e s  an i sochore  which breaks  away (domward)  from t h e  

vapor -pressure  curve a t  a. temperature be low t h e  c r i t i c a l  temperature,  and 

loading  g r e a t e r  than  c r i t i c a l  l o a d i n g  g i v e s  a n  i-sochore t h a t  b reaks  away 

(upward) from the vapor pressure  curve a t  a temperature below the  cr i t ical .  

temperature I The isochore f o r  a critical loading fo'l_lows t h e  vapor-pressure  

curve up t o  t he  c r i t i c a l  p o i n t ,  a t  which p o i n t  i t  becomes a s t r a i g h t  l i n e ,  

T h i s  method should give khe c r i t i c a l .  p r e s s u r e  w i t h i n  5$, and the c r i t i c a l  

temperature wi t l i in  I$. 

By analyzing 

_. - 

7D. F. O t h m e r  and T. R. Morley, Ind. Eng. Chern. 38, 751 (1946). 





1Ca T'KOlXLUM FUEL-CYCLE STUDIES 

P.  A. Haas 

W e  are developing the equipment and procedures  necessary t o  adapt  

s o l  -gel  p rocesses  t o  a completely remote opera t ion ,  as r e q u i r e d  f o r  thc  

Thorium-Uranium Recycle Facility (TURF). 

i n  Bui lding 4501 i s  used f o r  t e s t i n g  remote maintenance procedures ,  

manipulators ,  and s e r v i c e s  . Experimmtak t e s t i n g  of  a ve r t i ca l  t u b e  

c a l c i n e r  ( i n n e r  diameter ,  3 i-TI.) w a s  completed, and a run i s  i n  progress  

t o  prepa re  product  f o r  other development s t u d i e s  e 

A TURF cell.-mockup i n s t a l k c d  

FJe cont inued process-development s t u d i e s  f o r  p repa r ing  t1iori.a nicro- 

spheres by dispersing a sol. i n t o  2-etlrrylhsxano1, e x t r a c t i n g  the water t o  

g ive  gel. microspheres,  and dry ing  and c a l c i n i n g  t o  produce h igh-dens i ty  

oxide microspheres .I 'nie present emphasis i s  on s t u d i e s  of l a rge -capac i ty  

s o l  d i s p e r s e r s  and sa1.ven.t r e c y c l e  f o r  the. column-type system t o  permi t  

h igh  capac i ty  and 1.ong-term ope ra t ion .  P re  -operational- t e s t i n g  o f  a 

cokumm. system designed f o r  an ou tpu t  o f  10 kg of ':Lh0;2 pe r  day w a s  co.mp%eted; 

.minor a l t e r a t i o n s  were completed, and the system i s  ready f o r  ope ra t ion  

w i t h  t h o r i a  s o l  . A contiiiuous, ag i ta ted-vesse l -  t y p e  o f  microsphere-  

p r e p a r a t i o n  system was tes ted and appears  promising f o r  p repa r ing  

microspheres  ranging i n  diameter  from b t o  100 p. 

4.1 M i c r o s p h e r e - ~ r e p a r % t i s n  S tud ie s  

S. De Cl in ton  P.  A. Haas 

The p rocess  development s t u d i e s  f o r  $ispers in-g oxide sols i n t o  d r o p l e t s  

o f  uniform s i z e ,  and then  forming gel-led microspheres  i n  2-ethylhcxanol  

were cont inued  i n  t h e  t a p e r e d  glass colum-i of 2-in. i n i n i m u m  di.ameter. A t  

presen t ,  the most promising method f o r  ob ta in ing  uniLormly d i spe r sed  s o l s  

on a l a r g e  scale i s  t o  shear  the s o l  stream emerging f r o m  an o r i f i c e  by 

main ta in ing  a v e l o c i t y  g r a d i e n t  i n  t he  o rgan ic  so lvent ,  The column was 

opera ted  on a semicontinuous b a s i s  f o r  lo3 hr, w i th  a s o l  feed r a t e  of 285 
cc/hr  . 
w a s  s a t i s f a c t o r y  . Nore downtime w a s  accumulated t h a n  dur ing  the  previous 

100-hr run, mainly because t h o r i a  f i n e s  plugged the  f i l t e r  i n  the 

The o v e r a l l  performance of t h e  column and d i s t i l l a t i o n  systcms 
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of  220 cc/min, t he  s o l  streams impinged on the  3 /8- in . -m g l a s s  w a l l  

and appeared t o  break  up i n t o  s e v e r a l  d i f f e r e n t  d r o p l e t  s i z e s .  By 

inc reas ing  t h e  o rgan ic  flow ra te  t o  345 cc/min, t h e  streams w e r e  ben t  

downward be fo re  impinging on t h e  w a l l .  

Three d i f f e r e n t  o r i f i c e  d iameters  have been used wi th  t h e  shear  

d i s p e r s e r :  6, 10, and 16 mils; however, i n i t i a l  i n v e s t i g a t i o n s  i n d i c a t e d  

t h a t  t h i s  v a r i a b l e  may have l i t t l e  e f f e c t  on the  d r o p l e t  s i z e  produced. 

For a g iven  s o l  f low rate ,  t h e  o r i f i c e  s i z e  determines t h e  momentum of 

t h e  sol. stream, which may be an  important  f a c t o r  i n  c o n t r o l l i n g  d i s -  

pe r s ion .  The shea r  d i s p e r s e r  may be very i n e f f i c i e n t  a t  producing 

microspheres  less than  250 i n  diameter .  Ea r ly  r e s u l t s  show an 

i n c r e a s i n g  spread  i n  the  s i z e  d i s t r i b u t i o n  as t h e  organic.. f low r a t e  i s  

inc reased  f o r  a f i x e d  sal. f low ratc.  

One problem wi th  shear  d i s p e r s e r s  a n d  r o t a r y  d i s p e r s e r s  i s  the  

unpred ic t ab le  we t t ing  c h a r a c t c r i s t i c  of t h e  s t a i n l e s s  s t ee l  . When t h e  

s o l  does wet the s t a i n l e s s  s t ee l  i n  e i t h e r  t h e  shear  o r  r o t a r y  d i s p e r s e r s ,  

t h e  r e s u l t i n g  d i s t r i b u t i o n  of  d r o p l e t  s i z e s  can be ve ry  broad and h i g h l y  

unpred ic t ab le  . T h i s  problem may p o s s i b l y  be e l imina tcd  by coa t ing  t h e  

s t a i n l e s s  s tee l  wi th  e i t h e r  po lye thylene  or Teflon. 

The ope ra t ion  of m u l t i p l e  two-fl.znid nozz les  i n  p a r a l l e l  was t e s t e d  

as a p o s s i b l e  sca leup  procedure.  

g l a s s  colunm i n  which a d e l i n i t e  s e p a r a t i o n  of t h e  s o l  d r o p l e t s  and 

g e l l e d  spheres  w a s  ob ta ined .  

tlie two-f luid nozz les  a t  a t o t a l  so1  ra te  o f  2.b cclmin. 

product  weighed 540 g, w i . t h  92 ~ 7 t  $I in t he  s i z e  range 250 t o  297 p. 

f a c t o r  100 ( d ~ ~  

of microsphere s i z e  d i s t r i b u t i o n s ,  w a s  less than  8. The flow cond i t ions  

of t h i s  run  were repea ted  i n  a 1.5-hr run  i n  which a s i n g l e  sy r inge  pump 

w a s  used t o  feed both  nozzles ,  and the c a l c i n e d  product  (150 g >  conta ined  

86 wt $I i n  t he  250- t o  297-p s i z e  range.  

two-f luid nozz les  i n  paral.l.eI w a s  t e s t e d  Curther  by u s i n g  a s i n g l e  

sy r inge  pump t o  feed  four  two-f luid nozz les  a t  a to ta l .  s o l  f low r a t e  of 

1+.8 cc/min, 

A 5.h-hr run w a s  made i n  t h e  t ape red  

Two sy r inge  pumps were used t o  feed  two of 

m e  c a l c i n e d  

The 

c ~ ~ ~ ) / d ~ ~ ,  used p rev ious ly  f o r  express ing  the rxnifornnity 

The p o s s i b i l i k y  of operaking 

A f t e r  running f o r  about  7 hr ,  the run w a s  i n t e r r u p t e d  d u e  





Table !$.2 S i z e s  o f  Microspheres Produced During Nominal 100-hr Run 

S o l  Feed: A 3.0 M t h o r i a  sol. 
_I 

2 two-fl.uid nozzles, 

4- tws-fIuid nozzles,  

Shear nozzle ,  220 cc 

separate p u q s  4.8 1-1-800 2'/0 

s i n g l e  pump 4.8 14$0 280 

of organic  p e r  n i n  4a8 6975 3 10 

of organic p e r  min. 4.8 2700 280 
sheax: L I O Z Z I ~ ,  1470 cc 
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T h i s  type of column o p e r a t i o n  does n o t  r e q u i r e  careful .  f l o w  c o n t r o l  nor  

un i fo rmi ty  o€ d r o p l e t  s i z e ,  which are neccssary f o r  1 lu i .d i za t ion  i n  Che 

col~imn. Also, t hc  coalescence,  depos i t i on ,  and c l u s t e r i n g  problems arc 

niereh l e s s  severe During o p c r a t i o n  wi th  f l u i d i z a t i o n ,  khe depos i t i on  i s  

m o s t  severe  where t h e  s o l  drops arc f ler idizcd near  the t o p  of  k h e  t aper ,  

and the  c l u s t e r i n g  i s  most sevcrc where the g e l  spheres  are f l u i d i z e d  

near  t h e  minimi-rm diameter  o f  Che column. Nei ther  t y p c  of  accumulat ion 

occurs  f o r  a f r e e - f a l l  type of ope ra t ion .  

4.1 .)-I. P r e p a r a t i o n  of Microspheres b m e r s i o n  and  Suspension Through 
Mechani 

So$-gel microspheres  o f  re1atiwel.y nonuniform diameter  and less  than  

80-p mean diameter  ( ca l c ined  p roduc t )  can be e a s i l y  and e f f i c i e n t l y  

prepared  by us ing  mechanical a g i t a t i o n  t o  d i s p e r s e  and suspend the  d r o p l e t s  

i n  2-ethylhexanol  dur ing  e x t r a c t i o n  of water 

microspheres  has  two important  advantages : Suspension by a g i t a t i o n  r e q u i r e s  

n e i t h e r  the c a r e f u l  c o n t r o l  o f  f l u i d i z a t i o n  cond i t ions  nor ttae un i fo rmi ty  

o f  sol. drop s i z e ,  which are necessary  f o r  f l u i d i z a t i o n  i n  the column; a l so ,  

scaleup of a process  based. on mechanical a g i t a t i o n  i s  much s i m p l e r  than 

sca leup  of t h e  column and the d i s p e r s e r s  which g ive  uniform s o l  drops.  Die 
o r ig ina l .  i n t e r e s t  i n  microspheres  w a s  principal.1.y i n  products of  uniform 

diameter  (mean d iameters  of 1.00 t o  $00 11). 

development s t u d i e s  were wi th  f l u i d i z a t i o n  of  t h e  s o l  drops i n  t ape red  

columns dur ing  e x t r a c t i o n  o f  water However--, the p r e p a r a t i o n  of microspheres  

.mixe r - se t t l e r  systems w a s  demonstrated,  and the  r e s u l t s  i l l u s t r a t e  t h e  

This  method of p repa r ing  

Therefore,  most o f  our  

advantages and l i m i t a t i o n s  of such a system, 

Continuous ope ra t ion  w f t h  d i s p e r s i o n  and suspension by ag i ta t i .on  was 

The mixers dexnonstratcd by us ing  t w o  mixers and t w o  s e t t l e r s  (F ig .  k .3 ) .  
were 4=-1iter beakers  a l t e r e d  t o  provide a low i n l e t  f o r  so lven t ,  a hi.& 

out le t , ,  and four  3/4-in. -deep i n d e n t a t i o n s  as baf fI.es . 
w a s  fed i n  tangent  t o  the  w a l l  a t  the  bottom o f  t h e  f i r s t  mixer. S o l  was fed 

i n t o  the f i r s t  mixer above the  a g i t a t o r ,  which a l s o  served  as a d i s p e r s e r ,  

The a g i t a t o r  c o n s i s t e d  simply of four  1.,/2 x 1/2min. padd les ,  The 2-ethyl- 

hexanol con ta in ing  suspended s o l  drops and g e l  spheres overflowed near  Lhe 

top, through. the second mixer by a similar pa.tli, and t o  the 

Dry 2-etfiylhexanol 





s e t t l e r .  Over 99 wt $ of t h e  g e l  sp~ieres se t t l ed  out i n  t h e  f i r s t  

s e t t l e r .  The f low r a t i o  of 2-ethylhexanol  t o  s o l  w a s  about 100. The 

v a r i a b l e s  were the  speed of  t h e  f i r s t  a g i t a t o r  and the feed  ra te  of the 

s o l .  A t  the end of a pe r iod  of conti~tzusus opera t ion ,  the 2-ethyl-hexansl 

was decanted from the  f i r s t  s e t t l e r .  The g e l l e d  ,microspheres were dried 

by p l a c i n g  the. se t t ler  p a n  in an oven. a t  about  1.20'C. 

The s i z e  d i s t r i b u t i o n s  of  t he  p roduc t s  show that product  diameters 

i n c r e a s e  as thc mixer speed i s  decreased o r  as the f l o w  ra tes  are i nc reased  

(F ig .  h .4  and Table b a 3 ) .  
t he  p r a c t i c a l i t y  of making microspheres  l a r g e r  than )I-)+ 

P rev ious  s t u d i e s  had slnoam that v igorous  a g i t a t i o n  coul-d be uscd t o  make 

p roduc t s  t h a t  were mear1.y a1.1 -325 mesh (less than 114 1-1 i n  diameter). 
product: o f  90-p mean diameter  a t  5r(5 rpm appeared t o  h e  t h e  l a r g e s t  spheres  

that: could be  made. w i t h  2-ethylhexanol  i.n these  mixers, A t  lower 

a g i t a t o r  speeds, suspension of t h e  drops  was incomplete,  and large masses 

oL coa lesced  o r  c l u s t e r e d  drops soon covered t h e  bottom o f  the mixer. 

When a similar mixer w a s  ope ra t ed  wi th  CC14-isoprogy1 a l c o h o l  as t h e  

g e l l i n g  agent ,  mean diameters  as l a r g e  as 200 p wcxe p o s s i b l e .  'eo 

product  w a s  d i spe r sed  and suspended a t  a n  a g i t a t o r  speed of 330 rpmp 

the  high d e n s i t y  of CC14 permi t s  the suspension of l a r g e r  drops by less 

ag i t a  t ion  . 

The purpose O F  t h e s e  studies w a s  t o  determine 

i n  diamctcr .  

The 

mis 

The un i fo rmi ty  of the d iameters  i s  poor compared with t h a t  f o r  

microspheres  prepared i-n t h e  tapered-@slulmn This i s  shown by va lues  

of 50 t o  120% (Table )1.3>, coniparcd wi th  ICSS than of (dgO Os ($0 )Id50 
20% f o r  normaI. ope ra t ion  of t ~ i e  column system. bhen t h e  suspcresi-on i s  

less uniform ( less  a g i t a t i o n  f o r  a g iven  system), t h e  product  from a 

mixer-settler system is l e s s  ul1ifomn A more uniform product  might b e  

p o s s i b l e  i f  t he  mixer were designed t o  only  suspend drops f e d  t u  i t  

I r o m  a sepa ra t e  d i s p e r s e r .  

"he des ign  of  a p r a c t i c a l  mixer-settler syskwn f o r  p repa r ing  micro- 

spheres  should al.low f o r  t h e  followi-ng f a c t o r s  : 

L 





'1:'abl-e 4.3 S i z e  D i s t r i b u t i o n s  f o r  Cal cincd Mi~rosgheres 
from Mixer-Settler T e s t s  

Product  S i z e  Distributions 
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3 .  Thc un i fo rmi ty  o f  the  p roduc t  improvcs and thc m i x e r - s e t t l e r  

system becomes more a t t r a c t i v e  f o r  smal.1cr mean diameters  . 
A l a r g e - s c a l e  system f o r  a product  less than 50 !A i n  diameter 

cszild be e a s i l y  designed. 

C.  C .  Haws, Jr. 

~ e s t i n g  of a proto type  vertical" furnace"- for contimious c a l . c i n a t i s n  o f  

T h 0 2 - U 0 3  g e l  in the 1WR.F nears s u c c e s s f u l  completion. I n  the tests,  

re l iab le  mechanical o p e r a t i o n  was r e p e a t e d l y  obtained; procedures  and 

equipment necessa ry  t o  prevent and, o r ,  d e t e c t  b r idg ing  of the product  

i n  the tzzbe were developed; expeckti  product  q u a l i t y  s t anda rds  were m e t ;  

and in s t rumen ta t ion  adequate f o r  remote o p e r a t i o n  w a s  proved. A s u s t a i n c d  

o p e r a t i n g  t e s t  i s  now i n  p r o g r e s s  and wi1.l r e p r e s e n t  the final- acceptance  

t es t  of t h i s  equipment f o r  reinate opcra t ion .  

TWS p r o b l e m s  were expected t o  prove troublesome i n  the v e r t i c a l  tube 

calcine?:. The f i r s t  of t h e s e  was b r i d g i n g  o f  the product  i n  the tube  

du r ing  c a l c i n a t i o n ,  wh i l e  t he  second w a s  the  breaking of the s l ende r ,  

(3-in.  XD x 54-in. l ong)  alumina b s r c  tube  by thermal and mcchanical. shock. 

Bridging was encountered ,  

occur red  u s u a l l y  as a r e s u l t  of a t t c r n p t s  a t  breaking  br idged  product  

loose  from t h e  tube .  Tlius the  s o l u t i o n  of the tube-breakage problem l a y  

p r i m a r i l y  i n  p reven t ing  b r idg ing  and s e c o n d a r i l y  i n  developing proccdures  

Ear breaking  b r idges  . 

Tube breakage a lso has givein t r o u b l e  b u t  has 

Bridging w a s  found t o  be tilnle-teYnperatznre-motian dependent e Thus, 

when the  fu rnace  bed w a s  kept  moving down the tube a t  t h e  des ign  ra te  and 

temperature (11.50 t o  1200°@), no b r idge  formed. The bed could  bc s topped  

f o r  4 h r  at des ign  temperature  w i t h o t i t  forming a br idge ;  bu t ,  s topping  

f o r  12 hr caused b r i d g i n g e  

900 to 1000°C inde f in i t e1 .y  wi thou t  Fcd m o v e m e n t ,  and no b r idg ing  occur red ,  

Opera t ion  of  the furnace  w i t h i n  t h e s e  1 . imi ta t ions  i s  practical and r e l i a b l e  . 

However, the furnace  could be "parked" a t  

"Unit Opera t ions  S e c t i o n  Monthly Progress Rejport, .._ I October lg64, QRNL-TM-1069 . 
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5. SOE-GEL PROCESS DEVEZOP'E/IIENT 

P. A. Haas 

A v a r i e t y  of sol-gel. p rocesses  are being developed f o r  p r e p a r i n g  

microspheres and ocher particle shapes for  nuc lea r  fiie1s. "he  o r i g i n a l  

development o f  the so l -ge l  process i s  be ing  corntinpncd as the thorium 

fue l - cyc le  program (see section 4 )  
p roccsses  f o r  p repa r ing  micrasphercs  o f  urania during the  last year  h a w  

j u s t  been d e c l a s s i f i e d  and will be sumar i zed  here. Proeedures  f o r  

p repa r ing  s o l s  and forming them i n t o  gels  have been developcd i n  t h e  

labsratxxy f o r  plutonium, zircsnitam, o the r  ac t in ides ,  and some rare  earLEzS m 

Some of these o ther  so l -ge l  processes w i l l  r e q u i r e  engineer ing  development e 

~ n g i n e e r i n g  s t u d i e s  of sol-gel. 

5 . 1. P r e p a r a t i o n  of Urariia Microspheres 

S. D. C l in ton .  P .  A. Haas 

The process f o r  converting aqueous s o l s  ink0 g e l l c d  oxide microspheres  

as p rev ious ly  developed f o r  t h o r i a  s o l s  ( see  Section 4) was used f o r  

u r a n i a  sols  withouL changes except where the previously devcloped procedures  

w e r e  inadequaten  I n  t h i s  process ,  the so2 i s  d i spe r sed  i n t o  drops o f  

c o n t r o l l e d  d iameters  i n  a dry ing  so lvent ,  and the drops  are supported i n  

t h e  s o l v e n t  whi le  water i s  e x t r a c t e d ,  caus ing  the sol. t o  g e l ,  Nearly a l l  

the yrania microspheres were p r e p a r e d  by d i s p e r s i n g  the uran ia  wi th  a 

b,m-iIuid nozzle  and f l u i d i z i n g  t h e  drops in t h e  c o l u m  d i n i n g  exkract ixm 

of water. 

reported i n  d e k a i l  elsewhere . 
The prcpara t ian  o f  ura-nia 

1.2,13 

During the q u a r t e r ,  eigh1: 300-g 

were converted i n t o  g c l  microspheres 

microspheres up t o  June, 1965 has been 

batches o f  f u l l y  enriched u r a n i a  s o l s  

with. the 2-in I -fnimi..n.rvm-dia~~ete%- tapered  

column. The d e s i r e d  s i z e  ranges o f  the c a l c i n e d  mierosphercs were 40 t o  





r e s i n  co~umn. t o  remove n i t r a t e  in the so~,ven.t-recovery system, the T J ~ +  

con ten t  of  t h e  g e l l e d  spheres  (as removed from t h e  column) from a n i t r a t e -  

s t ab i . l i zed  u r a n i a  sol. was 62%. 
colustui i n  the so~ .ven t  recovery system, tine u"+ con ten t  of the g e l l e d  spheres 

from a similar s o l  w a s  73%. 

W i t h  an argon atmosphere and a r e s i n  

For a f a rma te - s t ab i l i zed  u r a n i a  so l ,  t he  
u"l' -1.- con ten t  of the g e l l e d  spheres was 82% wi-tli the argon atmosphere azad a 

r e s i n  column. 

Very l i t t l e  j.nformation w a s  ob ta ined  on the long-term r e c y c l e  o f  t he  

o rgan ic  s ince  X M I S ~  of  the u r a n i a  s o l  ba tches  were formcd i n  new organic .  

lChcrc i s  evidence tha t  the Span 80 l o s e s  i . t s  effectiveness upon r ecyc l ing  

through the  d i s t i l l a t i o n  system. 

5.2 Continuous Reduction of Uranyl- Eons t o  Uranous i n  the 
Aqueous Ni t ra te  Sys tem 

J. J. Perona 

Tlic reduct ion  of uranium i s  of  i n t e r e s t  as a f i r s t  s t e p  i n  the 

production of U Q 2  sol1". 

proved capable  O F  cont inuous ly  producing 1 l i t e r  of 0.5 M - U(NQ3)4 per  

h o i i ~ .  

complete conversion w i t h  1 kg of c a t a l y s t  p e l l e t s  ( p l a t i - n u n  on alumina 

pc l l c t s ;  0.5% Pt, 99.5% A1203). 

UOz(NO3)2 solution wi th  the same c a t a l y s t  has  been r epor t ed  

A t ubu la r  f l o w  reactor w a s  b u i l t ,  t e s t ed ,  and 

An o p e r a t i n g  p r c s s u r e  o f  a t  least  400 p s i g  w a s  necessary t o  obcain 

The continuous r educ t ion  of  0.2 M - 
15 . 

The. flowsheet i n  F i g .  5.1 shows t h a t  U02(NQ3)2 s o l u t i o n  and H2 are 

fed  i n t o  the  bottom of the r e a c t o r  and tha t  t h e  l i q u i d  l e v e l  i s  au to -  

m a t i c a l l y  maintained above t h e  top  of the c a t a l y s t  bed by a so lenoid  va lvc  

i n  the product  o u t l e t  l i n e .  The so leno id  i s  t r i g g e r e d  by an  "on-offl' 

c o n t r o l l e r  which r e c e i v e s  a s i g n a l  from a thermal  probe (a thermocouple 

probe with a s m a l l  $-w h e a t e r  i n  i t ) .  

s tays  a t  about 65"~ when the  l i q u i d  level  i s  l o w ,  and drops  below 5 0 ° C  

The thermal  probe temperature  

J. P. McBri.de (compiler) ,  
E ? .  O R N ' L , - ~ ~ ' - ( ~ . ,  ( i n  

14 

I 5 R .  D e  Leone, G. C o g l i a t i ,  L .  Lorenzini ,  and R. Lang, "Studies  of Uranium 
(PV) Nitrate", Third Nuclear Chemistry Conference, Gat l inburg,  Tenn., 
October, 1962 'I 
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in about  10 s e c  when t h e  l i q u i d  reaches  Lhe probe. Attempts t o  c o n t r o l  

the l i q u i d  level. wi th  a n  e l e c t r i c a l .  c o n d u c l i v i t y  probe were unsuccessfu l ,  

a p p a r e n t l y  because t h e  i n s u l a t i o n  go t  wet.  Ohher i n s u l a t o r s  - -  Teflon, 

polyethylene,  epoxy r e s i n ,  and g l d s s  - -  were t r i e d ,  

The p r e s s u r e  on t h e  system w a s  c o n t r o l l e d  by t h e  d ischarge-pressure-  

s e t t i n g  on t h e  1-12 c y l i n d e r ,  and t h e  H2 f low r a t e  w a s  c o n t r o l l e d  by a 

needle  va lve  i n  t h e  o f f - g a s  l i n e .  The r e a c t o r  was p r o t e c t e d  by a r u p t u r e  

d i s k ,  r a t e d  at 99’1 p s i g ,  

Ln t h e  f o u r  experiments t o  d a t e ,  conversions of 99.0 and 99.8% 
were obta ined  a t  hydrogen p r e s s u r e  of 400 and 500 p s i g  a t  f low r a t e s  of 

n e a r l y  a l i t e r  a n  hour (Table  5 . 1 ) .  
a t  300 p s i g  wi th  a flow r a t e  of 0.32 l i  t c r  per  hour,  b u t  a t  a f low rate 

of about  one l i t e r  an  hour,  the conversion dropped throughout t h e  5-hr 

run .  

5 h r  showed U4+ c o n c e n t r a t i o n s  o f  ‘(8, 64, and 52$. 

Good convers ion  w a s  a l s o  obta ined  

The i n i t i a l  r e a c t o r  charge w a s  96% U4’-, and samples a t  2, 3.>, and  

On a g r a m s - p e r - l i t e r  b a s i s ,  the feed composition f o r  t hese  experiments 

w a s  as fo l lows:  U,  115; n i t r a t e ,  100; urea,  18.5. The s o l u t i o n  was 

1 .4  i n  H . The product a n a l y s i s  showed no change i n  n i t r a t e  o r  urea  

c o n c e n t r a t i o n ,  b u t  hydrogen i o n  c o n c e n t r a t i o n  had dropped t o  about  0.5 E. 
The product from K-23, kept  i n  a s toppered g l a s s  j ug  purged wi th  argon 

a f t e r  f i l l i n g ,  showed no decrease  i n  U4+ c o n c e n t r a t i o n  a f t e r  one week. 

3- 

5.3 P r e p a r a t i o n  of T e t r a v a l e n t  IJranium S o l s  by C a t a l y t i c  
Reduction of Uranyl N i t r a t e  S o l u t i o n  with Gaseous H2 

i n  a Low-Pressure Reactor  

P .  A .  Haas J .  B .  Cordiner  

This  s tudy  w a s  a p a r t  of t h e  s o l - g c l  development work f o r  producing 

fi iel-oxide microspheres  f o r  u s e  in. fuel ,  elements It c o n s i s t e d  i n  reducing 

a u r a n y l  n i t r a t e  s o l u t i o n  t o  a t e t r a v a l e n t  compound d i s p e r s e d  i n  watcr  as 

a c o l l o i d a l  s o l ,  r e a d i l y  c o n v e r t i b l e  t o  h igh-dens i ty ,  h i g h - s t r e n g t h ,  

microspheres  of U02. Reduction was done i n  a 3-in.-LD r e a c t o r  by gaseous 

hydrogen a t  a r e a c t o r  pressure  o f  40 p s i g ,  u s i n g  a 0.5% platinum-on-akumina 

c a t a l y s t  . 
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Reduction was achieved over  a wide range of u rany l  n i t r a t e  conccn- 

t r a t i o n ;  an  i n i t i a l  concen t r a t ion  01 about  1 .$ M _I i s  reconmended, however, 

f o r  ready  conversion of r e a c t o r  p r o d u c t  t o  the d e s i r e d  1,O M s o l .  

C r i t i ca l  f a c t o r s  f o r  a s u c c e s s f u l  rcduction and so l -p repa ra t ion  process  

inc luded  a c t i v e  c a t a l y s t ,  temperature  con t ro l ,  r e g u l a t i o n  of  t he  n i t r a t e  

i on  concent ra t ion ,  te rmina t ion  of t h e  r educ t ion  process  at the optimum 

endpoint ,  and proper  process ing  of the  r e a c t o r  product  t o  prepare  the  

s o l  

__I 

+ Regulat ion of t h e  W i on  concen t r a t ion  w a s  n o t  necessary,  s i n c e  t h e  

K-'yU r a t i o  approached zero  a t  t h e  te rmina t ion  of reduct ion ,  independent ly  

of whether a n  excess o r  d e f i c i e n c y  of hydrogen ions  w a s  used.  "rie 

suggested r e a c t o r  temperature i s  b.)'"C - + IOo, w i t h  t h e  exact va lue  

depending on t h e  d e s i r e d  degree of  r educ t ion  of n i t r a t e  ions.  

C o n v e r t i b i l i t y  of  t he  s o l  t o  microspheres  w a s  t h e  b e s t  c r i t e r i o n  of 

optimum r e d u c t i o n  endpoin t .  Resu l t s  i n d i c a t e d  an optimum endpoin t  

corresponding t o  a s l u r r y  pW of  2 t o  3 .  Elec t r ica l  conduc t iv i ty  i s  

recormnended as a good gene ra l  i n d i c a t i o n  o f  t h e  approach of this end- 

po in t ,  w i t h  pM used as t h e  f i n a l  i n d i c a t i o n .  Kecoemendations are inc luded  

f o r  e s t ima t ing  t h e  degree of completion of t h e  r educ t ion  and the  r a t e  

o f  r educ t ion  a t  any g iven  time. 

These r e s u l t s  w i l l  be r epor t ed  i n  d e t a i l  as an OWL-.TM r e p o r t x 5 ;  

the f i r s t  d r a f t  i s  95% complete. me pre l imina ry  s t u d i e s  i n  an  autocI.ave 
16 have a k e a d y  been publ i shed  and t h e  a b s t r a c t  fol.l.ows : "The p r e p a r a t i o n  

+ of  a uranous sal. from u rany l  nitrate r e q u i r e s  r educ t ion  of  TJO~'  , removal 

of n i t r a t e ,  and formation of  a d i s p e r s a b l e  uranous oxide ,  T e s t s  i n  an 

autocl.ave have shown t h a t  these s t e p s  can be a c c m p l i s h e d  i n  a single 

opera t ion  us ing  HZ w i t h  a P t  ca t a l_ys t  a t  bel.ow 50°C. 

temperatures  wi thout  a c a t a l y s t  d i d  n o t  g ive  a d i s p e r s i b l e  gxide. The 

nitrate i s  removed as NO, €I$, N z  and other volati1.e r educ t ion  products .  

Reduct iona t  h ighe r  

16P. A .  IIaas, Sustained Reduction 01 U 8 3 ( N 0 3 ) p  t o  Reiliove N i t r a t e  as 
_I_- Volatile Reduction P r o d u c t s  and Prepare a Urania S o l ,  CF-65-6-79, 
June ?= 
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6 . SEPARATION OF REBmGICAL 'MACROMOLECULAR SUBSTmCES 

C.  W e  Hancher C.  D. Watson H. 0 .  Weerercn. 

The product ion  of t:-WA, on a ki logram scale, f r o m  E.  c o l i  cc1.I.s i s  

undergoing development . 
were made . The combined n u c l e i c  a c i d  p r e c i p i t a t e  froin product ion  runs 

2 and 3 y ie lded  '1.9 kg of the l i g h t e r  RNA f r a c t i o n ,  conta in ing  251.4% RNA, 

O.l.$ DNA. 

t-WA product  i s  obta ined .  

Two p re l imina ry  runs  and t h r e e  product ion  runs 

Additional- p rocess ing  s t e p s  are r equ i r ed  be fo re  t h e  final. mixed  

In a d d i t i o n  t o  t h e  RNA runs,  a co ld  room (21. x 21.. f t )  was completed 

on t h e  second f l o o r  of Bui lding 4505, and construct i -an w a s  s t a r t e d  on a 

so lven t  s to rage  and handl ing  2ac i l . i t y .  The des ign  o f  a process  r e f r i g e r a t i o n  

system and a w a k e r  d e m i n e r a l i z a t i o n - d i s t i l l a t i o n  system was begun. 

"he WA e x t r a c t i o n  p rocess  flowsheet (F ig .  6.1) c o n s i s t s  o f  f o u r  

major s t e p s :  

S t e p  1. - E.  c o l i  c e l l s  arc concen t r a t ed  and mixed wi th  b u f f e r  

s o l u t i o n  and phenol .  The phcnol d e s t r o y s  t h e  cell. w a I - 1 ~  and places t h e  

c o n s t i t u e n t s  of the c e l l  nuc leus  i n t o  s o l u t i o n .  The phenol and c.cI..l. 

r e s i d u e s  are removed by c e n t r i l u g a t i o n ,  l eav ing  t h e  nircleis: a c i d s  i n  t h e  

aqueous s o l u t i o n .  The n u c l e i c  a c i d s  arc t h e n  p r e c i - p i t a k d  w i t h  e thanol  

and cen t r i fuged  . 
S t e p  2. - :Cn the  second s t e p ,  L l a e  d e s i r e d  RNA i s  sepa ra t ed  f rom the 

bu lk  o f  the  other n u c l e i c  a c i d s  by p r e c i p i t a t i n g  the DNA and high-molecular- 

weight  RNA in i sopropyl  a l coho l  and c e n t r i f u g i n g  t h e m  out  of the s o l u t i o n .  

S t e p  3. - The d e s i r e d  RNA i s  sepa ra t ed  from the remaining DNA and  

o ther  i m p u r i t i e s  by loading  khe material on DELE c e l l u l o s e  (organic  ion  

exchanger)  and prefcrcntial .1.y e l u t i n g  the RNA. 

- P u r i f i e d  RNA i s  separated into i C s  s eve ra l  f r a c t i o n s  by 

chromatsgraphing. The e n t i r e  process  tapers sha rp ly  as it  p rogres ses :  1 

kg oE ce l l s  y i e l d s  about. 1 g of mixed t-RNA, 
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The o r i g i n a l  p l a n  f o r  t h e  RNA e x t r a c t i o n  process w a s  t o  grow the 

E .  c o l i  ___1 c e l l s  i n  the Biology Di.visionfs fermenter  a t  the Y-12 Plan t ,  

concen t r a t e  t he  c e 1 . 1 ~  i n  a c e n t r i f u g e  the re ,  b r ing  the concent ra ted  ce1.l.s 

t o  the  cold. room o f  the Chemi.cal.. Technology Divis ion,  and complete the  

remaining process ing  t h e r e .  However, del..i_very of a c e n t r i f u g e  r equ i r ed  

f o r  the handl ing o f  many o f  t h e  head-end steps of the process  was 

delayed.  

and the material w a s  brought  t o  O W ,  on ly  when the volumes had been 

reduced s u f f i c i e n t l y  t o  bc f u r t h e r  c e n t r i f u g e d  he re  . 
Therefore,  t h e  c e n t r i f u g i n g  a f  l a rge  volumtr?s w a s  done a t  Y-12, 

Two p re l imina ry  runs and three product ion  r u n s  were nnade a t  Y - P e  

The pre l imina ry  runs w e r e  made t o  o b t a i n  data on the process ing  var iabI .es ;  

the runs  werc made w i t h  the f e r t ~ ~ e ~ i t ~ r  opera tcd  hatchwise. These runs  

showed, among o t h e r  th ings ,  t h a t  the fermenter  must be opera tcd  cont i  n~ioiisl  y 

t o  keep pace wi th  t h e  rest of the process ,  and the t h r e e  product ion  repiis 

were made accord ingly .  

The f i r s t  p re l imina ry  run (made on July 20) e s t a b l i s h e d  t h a t  t he  

ShargI.es c e n t r i f u g e  a t  Y-12  adequate ly  sepa ra t ed  the pheiml. and the c e l l  

resi.due from the aqueous s o l u t i o n  con ta in ing  the  n u c l e i c  acids . Et w a s  

a l s o  e s t a b l i s h e d  t h a t  Lhe pheiio3. and c e l l  r e s i d u e  would dra in  from the 

c e n t r i f u g e  bowl when t h e  bowl. w a s  s topped  and t h a t  i t 3  would no t  be necessary  

t o  di.sinantl.e and clean the  bowl every  f e w  minutes dur ing  the run.  FJ-*J-Eis 

f avorab le  development g r e a t l y  s i m p l i f i e d  t h i s  p a r t i c u l a r  opera t ion  

The second prel jminary run  (made on Ju ly  27) w a s  mainly a ser ies  of 

scout ing  tes t s  t o  e s t a b l i s h  f avorab le  procedures f o r  c e l l  concent ra t ion ,  

buf fer ing ,  and phenolaCion. These tests showed t h a t  c e l l s  concent ra ted  on 

the Westfalia c e n t r i f u g e  were fa r  easier t o  handle and gave higher  y ic3 .d~ 

than t h e  ce l l s  concent ra ted  an the Sharpaes c e n t r i f u g e  They a l s o  i n d i c a t e d  

tha t  ,the mixing o f  phenol and bu f fe red  ce l l s  w a s  b e s t  done by adding the 
buf fe red  c e l l s  s lowly to a n  a g i t a t e d  phenol. sol-ution and t h a t  Long contact 

between t h e  bu f fe red  ce l l s  and t h e  phenol w a s  n o t  on ly  unnecessary b u t  

undes i r ab le .  

y i e l d  291 g of n u c l e i c  a c i d  p r e c - i y i t a t e s  i n  ethanol. (wet weight ) .  

p r e c i p i t a t e  w a s  t aken  to O W  f o r  f u r t h e r  process ing .  

In t h i s  run, 8.5 kg of c e l l s  ( w e t  we igh t )  were processed  t o  

This 
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produc t ion  runs  t h e  €irst  run 
August l9> 17.2 kg of E. co w e r e  processed, y i e  

l e i c  a c i d  p r e c i p i t a  30.5 kg of cel.1s p r  

nd run y i e l d e d  c i d  p r e c i p i t a t e  * 

f i r s t  two runs,  t h  ermenter w a s  
cont inuous g lucose  n u t r i  awoff o f  t he  ce 

and c o l l e c t e d  n t r  i f u g e  a Per 
buf fered ,  phe r i f u g e d .  The 

and the aqueo e a t e d  w i t h  e t h a n o l  a 

t 12 h r  of o p e r a t i o n ,  t h e  n t r a t i o n  of c 

e c r e a s e  s t e a d i l y ,  ctive measures, and t h  

w e r e  s topped.  

The c e s s a t i o n  of  c e l l  growth i n  t h e  fermenter  w a s  a t t r i b u t e d  t o  a 

ying v i r u s .  Be  run, t h e r e f o r e ,  

i c h  t h e  v i r u s  eo ve been in t roduced  i n t  c u l t u r e  were 

sed, and a more r e s i s t a n  

The t h i r d  run  began 1 and w a s  cont inued w i t  t i n t e r r u p t i o n  

u n t i l  September 3, i t  was stopped. The o p e r a t i o  

smooth and uneventful ,  a 

o f  n u c l e i c  a c i d  p r e c i p i t  

s were p rocess  t o  y i e l d  17.4 kg 

The n u c l e i c  a c i d  p r e c i p i t a t e s  f r o m  runs 2 and 3 were. combined and 

d i s s o l v e d  i n  sodium a c e t a  r RNA f r a c t i o n  the  DNA and heav 
re p r e c i p i t a t e d  i n  i s o p r o  uged, and d iscarded .  The li 

fr n w a s  then  pr  a h i g h e r  i sop ropano l  con a t i o n  

uged. A t o t a  kg of the  l i g h t e r  RNA f rac t ion .  w a s  

An a n a l y s i s  g e RNA and DNA con 

nd Oal'$, r e s p e c t i  der  of t h e  p r e  
Contaminant t h a t  b e  removed i n  

p u r i f y  t h e  p 



7. RADI4TION WSIST CE OF PROTECTXVE COATINGS (PAINTS ) 

G .  A .  West 

' ~ e s t s  t o  e v a l u a t e  some p r ~ t e c i i v e  coa t ings  ( p a i n t s )  f o r  use i n  
reactor containment vessels, spent - f u e l  process ing  p l a n t s ,  and l a b o r a t o r i e s  

were conducted by exposing (1) some specimens t o  g a m a  r ad ia t ion ,  ( 2 )  o ihe r  

specimens to t h e  f a l l o u t  o f  r a d i o a c t i v e  f i s s i o n  products from the plasma- 

jet v o l a t i l i z a t i o n  of i r r a d i a t e d  U O ~  i n  a 1350 ft3 vesse l ,  and ( 3 )  s e l e c t e d  

coatings t o  a t e n t a t i v e  s tandard  dccantaniination t e s t e  The Nuclear 

S a f e t y  P i l o t  P lan t  group eonduc t ed  the v o l a t i l i z a t i o n  t e s t  wikh coatii-eg 

specimens suppl ied  by the Uni t  Bpcrnticsns Sec t ion .  

protect ive coa t ings  were exposed t o  "OCO gamma r a d i a t i o n  a t  an  intensity 

of 1 x 10" r/hr a t  40 t o  50°C i n  a i r  and i n  demineral ized water, 

nxmufactunrers submi t t ed  special  formula t ions  of t h e i r  c o a t i n g s  ire a n  a t tempt  

to discover a coa t ing  wi th  unusual o r  ou ts tanding  r e s i s t a n c e  t o  gamm 

radiation i n  the prescxicc ~f de ionized  w a t e r .  

Several 

~ l l r e e  such c o a t i n g s  surpassed tlzc?. previous high (5 x 1O"r) resistance 
(1) Carbol ine Go's. system K, c o n s i s t i n g  of a i n  dernincralized water: 

modif ied phcno l i c  (Phenoline 368) con ta in ing  enlbedded glass c l o t h  a n d  

Phenol ine 368 seal coa t .  

and loss  of  adhesion, (2) Varni-Li te  Corpks. No. S-0900 epoxy system 

f a i l e d  a k  8.0 x 10% by b l i s t e r i n g ,  (3) h e r e o a t  No. I."@ wi th  No. 66 epoxy 

seal coat f a i l e d  a t  ' f .9 x 10% by cha lk ing  (Table '(.I). 

This coa t ing  f a i l ed  a t  8.3 x 10"r by blistering 

There i s  evidencc o f  g r e a t e r  r a d i a t i o n  t o l e r a n c e  i n  a i r  sirzcc 19 of  

At 79 coa t ings  appear  t o  bc serviceable a f t e r  an cxposure of 7. x J-0"r. 

t h i s  time 18 other  coa t ings  have been exposed t o  3 x 109r i n  a i r .  
w i l l  conti-nuc t o  failure o r  to 1 x lol'r wliichever QGCUTS first. 

I r r a d i a t i o n  

7.2 S t u d i e s  of Contamination kie t o  a Simulated Reactor Excursion 

P r o t e c t i v e  -coat ing specimans and controls were exposed t o  an  atmosphere 

contaminated with r a d i o a c t i v e  f i s s i o n  products  from t h e  plasma-jet  



Manufacturer Coating 

Exposure Under 
Demineralized Exposure 

Water in Air 
Sub s t r a te (r> Effect fr) Effect 

Amercoat Corporation 

I 
cI\ 

? 



Table  7.1 (Cont inued)  

Exposure Under 
Demine r a1 iae d Exposlire 

Water i n  A i r  

%nu f a c t u r e  r Coat ing  S u b s t r a t e  (4 E f f e c t  (4 E f f e c t  

Wvoe and b y n o l d s  EPOXY, (No. 41, 46612, 4361b 
Ca t .  Epoxy, (No. 21, 46612, OX-1055 
Mod. Epoxy, (KO. 3), Renew Coat  
Epoxy, (KO. 3 ) ,  45612, SX-1346 
A c r y l i c ,  (KO. I>,  m-140, %X-142, ?E-145 
Chlor  Xu5ber, (No. 2 C  >, Sa(-1662, SX-I661 
~ i n y l ,  (11-s >, ~5513, SX-1667 
EPOXY, 
Epoxy, 

(I 4 >, SX-1655, SX-1655 
(FS -3C ), C a t .  46900, sx-1665 

Epoxy, (FC-3 ), OX-1055 
Epoxy, (FC-21, Cat .  k8131, ax-1055 

Epoxy, (FS-21, Cat. 46619, 1~66%g, L6614 

Epoxy, (FS -3A), C a t .  L6033, SX-1665 
A c r y l i c ,  (FC-a), m-148 
~ p o x y ,  ( K -6 >, SX-1655 (E ) 

Epoxy, (FS-3B >, Cat .  L6333, SX-i665 

E ~ ~ w ,  ( ~ ~ 4 3 ,  sx-1329 

Cat. Epoxy, (NO. 21, OX-1055 
Epoxy, {Z-h), SX-I.665(=) 
E ~ O V ,  {I-s), 4600, ~ ~ - 1 6 5 5  
& l o r .  Rubber, (No 2 C  >, SX-1662, SX-1661 
EPOV, (pc-11, cat. 48101, sx-1346 
c h ~ o r .  Rubber, (NO. 61, 14700, 4‘9212, 41203 

v i n y l ,  (%O-C),  NO. sX-1661 and 1666 
ChSor. Xubber (KO. 51, b600, 47212N, k7201 
E P O ~ ,  KO. I j, Ox-1055 and ~~-134.6 
Vinyl, [FC-g), L-10429, PVS 

E ~ o w ,  (FS-61, RB-1333, SX-lOPg 

A c r y l i c ,  (FS-I), 303, ?E-145, 
Epoxy, (FC-5); sx-1665 

s t e e  I 
s t e e l  

s t e e l  
s t e e l  
conc e 
S t e e  I 

s t e e  1 
s t e e l  
s teel  
conc . 
conc. 
conc  . 
s t e e l  
s t e e l  
conc  
s tee 1 
conc . 
conc. 

conc. 

conc  a) 

conc. 
conc . 
conc. 
conc. 

s tee 1 
steel  

s tee l  
s t e e l  

steel 

conc . 
conc  . 
COnC I) 

conc B 

eonc. 
s t e e  1 
CORC ~ 

1.0 x IO1@ 
1 .0  x IOlO 
1.0 x IOl* 
1.0 x IOlO 
1.0 x lol3 
1.0 x 10 

>7.0 %1. 

>7.0 x 10 
3.87 x 105 

9 >7.0 9: 10 
>7.0 9: 10 

>7.1 x 10; 
>7.0 x 10’ 

2.68 109 
2.8 x 10; 2.68 x 10 

>5.0 109 9 
9 2.5 x 10 

>5.0 x 10 
1.7 109 
1.53 109 

1.0 x 10 10 

>7.0 109 
9.5 109 
2.2 x 109 

1.0 x LO 

1.5 x 108 
9.0 x 138 
5.1; x IO 

X.C i09 

c 
c 

C 



h
 

W
 2 .I4 

Y
 

CJ 
v
 

-63- 

8 8 
VJ 

@ a
 

w 

r
l 

4
 

CJ 

. 

.5 
Ey 

w
 



-70 - r 

v o l a t i l . i z a t i o n  of n a t u r a l  TJQ2 t h a t  had been i r r a d i a t e d  a t  an average 

ncut ron  fEux of x 10". T h i s  r e s u l t c d  i n  about  0.6 c u r i e s  a f  t o t a l  

mixed f i s s i o n  product  gamm a c t i v i t y  a f t e r  cool ing  f o r  r7 days.  I n  tes ts  

s imula t ing  a reactor excusion and the v o l ~ a t i l i z a t i o n  of fue l ,  the amount 

of radionucl- ides  depos i t ed  on the  exposed su r face  w a s  measured and 

compared (Table 7.2). 
scanning the specimens w i t h  a gama- ray  s p e c t r a m e k r  before  dccxmtamination . 

Radionucl ides  wcrc.  identiLied and mcasured by 

Coat ings exhibiti. .ng the l ea s t  r e t e n t i o n  o f  the t en  r ad ionuc l ides  

measured are l i s t e d  below: 

Viny 1. s 
No . 33, h e r c o a t  Corporat ion 

~ukeni-l-i.~, h e r  c o a t  Carporat i-on 
No. sx-1666, Devoe and b y n o l d s  Company 

Epoxies 

No. R4-74F, Plas-Chem Corpora t ion  
No. R4-'7h.E, Plas-Ghem Corpora t ion  
No. SX-1.655, Devoe and Waynolds 

Modified Phen.ol-ics 

Phenol-ine 300, Carbol ine Company 
Phenol.ine 305, Carbol ine Company 
No ., 7122, 7133X, Wi-sconsin P r o t e c t i v e  Coat ing Company 

P o l y e s t e r  

Liquid  Glass No  . 5301, Stan ley  Chemical, Company 

Chlor ina ted  Rubber 

No. SX-1661, Devoe arid Raynolds Con9pan.y 

1norgani"cs 

~ i m e t c o t e - 4 ,  ,hercoat Corporat ion 
Dimetcote-3, h e r c o a t  Corporat ion 

'-(.3 Improved T e s t  to Determine Decontaminabili ty o f  Coatings 

A s tandard  (AS'I'M t y p e )  t e s t  f o r  e v a l u a t i n g  the ease and e x t e n t  of 

decontaminabi l i ty  of p r o t e c t i v e  coa t ings  o r  p a i n t s  does not  now ex i s t .  A 

previous  procedure inc ludcd  the use  ol: 3 
aistacked and  rcrnoved a s u r f a c e  l a y c r  Croxo some 01 the  c o a t i n g s ,  Also, the 

(J.7.2$) IN03, which i n  some cases 



nucl ides  on Pro tec t ive  Co 

e d  v i  
r e  sy  

Pyrex g lass  

s t e e l  

el 

-1 D. G. 

Polyc lad  No. 933-3 
No. 88 
AV -46 1 
Polyclad No. 935-2; 1200-23 
No. 99 semigloss 
SB-312 

Epoxy (average) 

1 
5 
1 
i: 
I 
7 

11 
2 
6 
2 
1 

11 
2 
I 

11 

7 

5 
7 

" 

.I 

3 

7 
6 2,160 

32 
$7 

67 

56 
3 1 
24 
67 
71 
41.2 
49 
57 
49 

5 
7 

15 
i 
10 
0 

11 
I 

1 
9 
11 
0 
'3 

11 
0 
0 

7'; 
0 
15 .s e 
12 
10 
14 
0 

1g 

7% 
15 
12 
0 
0 
0 
15 

3 
5 

74 
70 
91 
66 
156 
144 
35 

166 

1 
3 
G.2 
3 
0 
0 

0 
0 
3 
0 
0 
Ct 
0 
0 
0 
0 
0 
0 
9 
G 
0 
s 
3 
0 
3 
0 
0 
0 
0 
0 
3 
3 
0 

1 
0 

0 
0 
0 

0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 

2 
0 

3 
3 
3 
0 
0 
0 
0 
0 

Z 

47 

0 

1 
0 
0 
0 

0 
3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
2. 
0 
0 
0 
0 
0 
0 

1.5 

" 



Table 7.2 ( con t inued)  

1311 1 4 7 ~ d  23%-p 13+ 1 0 3 ~ ~  ' 4 l ~ e  '%lo 95Zr-Xo 137Cs 14'Ba-La 
&nufac tu re r*  &pm;/cm2 dpm/cn12 dpm/cm2 dpm/cm2 dpm/cm2 dpm/cm2 dpm/cm2 dpm/cm2 dpm/cm2 dpm/cm2 

Chem-Pon 2315 
R3 -80A 
Colma p ro t .  c tg .  
G i l s a l o i d  t i l e  r ed  
UC -961.7 
LOR 

N O .  66 g ray  
Coroline 505.2 
Colma su r face  ko te  
'egoweld 56-63 

23 - 1 3 2 ~  

9009-1R 
Modified pheno l i c  (average)  

Phenoline 300 
Phenoline 305 
7122-7133X 
7155-7133x 
7118 + c l e a r  
7130 
7118 + 7118T 
Phenoline 368 

Liquid  glass-5301 
Pol  yes  t e r  

Chlor ina ted  ruboer 

Inorganic  (average ) 
SX-1661 

3ime t co t e  -4 
Dime t co t e  -3 
No. 1741 

7 
7 
9 
8 
6 
7 
7 
1 
3 
9 
11 
12 

3, 510 
3,560 
3,670 
3, 740 
4,130 
11,340 
4,240 
5,320 
7,060 
6,710 

12, 400 
20,000 

367 
309 
136 
376 
430 
357 
42 1 
504 
689 
662 

1,350 
104 
452 

70 
2 12 
395 
690 
622 
576 
724 
7-68 

48 
49 
95 

0 
13 
0 

16 
0 
0 
17 
17 
21 
0 

190 
202 
163 
203 
186 
254 
219 
157 
86 

228 
539 
0 

200 
44 
50 
1 79 
405 
225 
278 
298 
246 

0 
0 

i 18 
69 
33 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

55 
67 
51 
53 
42 

94 
53 

33 
71 

117 

71 
173 
233 
36 

43 
3 45 

620 
47 
61 
47 

3,390 
70 
72 
46 
93 

60 
51 
49 
0 
0 

3,770 19 
4 
0 
0 

50 
15 
25 
23 
35 

2 
2 

12 
12 
22 
12 
12 
2 

1,592 
1,780 
3,543 
1,935 
5,960 
5,980 
7,060 
7,760 

3 
127 I 

4 
Y 

0 
13 1 

10 909 112 61 34 0 52 20 0 0 0 

3 42 

38 1 
433 
733 

5 70 
168 
197 
I08 

242 
186 

196 
192 
132 
192 
222 

0 

36 
46 
0 

50 

5 2,930 
6,800 
3,770 
5, 230 
9,180 

53 
49 
37 
38 
60 

0 

8 
10 
0 

I2 

I 
1 
1 

*Manufacturer: 
1. Amercoat Corp., 201 N .  Berry St., Brea, C a l i f o r n i a  
2. Carbol ine  Co., 32 Hanley I n d u s t r i a l  Court ,  St. Louis,  Mis sour i  
3. Cer i co te  Co., 4832 Ridge Ad., Cleveland  9, Ohio 
L. David E. tong Corp., 133-20 91st  Avenue, Jamaica 18, Long I s l and ,  New Yortc 
5. Wvoe and Raynolds Co., Inc. ,  116 Baver Avenue, L o u i s v i l l e ,  Kentucky 
6. P i t t s b u r g  P l a t e  Glass Co. , Gateway Center ,  P i t t s b u r g  22, Pennsylvania  
7. Plas-Chem Corp., 6177 ?laple Avenue, St. Louis,  W-ssouri 
8. Rowe Products,  Inc., Pu'iagara Falls, New York 
9. S ika  Chemical Co., 35 Gregory Avenue, Pass i ac ,  New Je r sey  
10. Stan ley  Chemical Co., Div. The S t a n l e y  Works, Eas t  Be r l in ,  ConnectLcut 
11. ff. S. Stoneware Co., Akron 9, Ohio 
12. Wisconsin P r o t e c t i v e  Coat ing  Co., 1136 W. ~ a s o n  St . ,  Green Bay, Wisconsin 



aminant s o l u t i o n  (a ed  f i s s i o n  p roduc t s  i n  

e more conce s o l u t i o n  evapora t  

l t i n g  i n  s u r f  

A new approach t o  n of decontaminabi l  

through tests I. Wyatt of t he  i s  t r y  

. H i s  c o n t a d .  n i t r i c  a c i d  

p roduc t s  o b t a i n  ( i r r a d i a t e d  t o  3 and 

of t h i s  s o l u t i o n  as Y 
-ray spectrometer  

s e n t  t o  about  t h e  The 

y b e f o r e  a p p l i  cimen. (Witliout a 

from weak a c i d s . )  

g decontamination, e w a s  no v i s u a l  i n d i c  

of t he  c o a t i n g s  o l u t i o n  of 0. 

2*  Stepwise de s performed by 

i n  ( 1 )  water ,  room temperat 

n e t  i c  stirrer 80 O C ,  which was 

The rad ionu  t h e  coupons were 

by a g a m a - r a  A l l  t h e  dry co 
ontaminat ion ha same amount of r a  

i n  t h e  range 6 x lo4 i n  p e r  n u c l i d e  

of  the  l37Cs- Y e f i r s t  water wa 
a g a i n  found on ons m The 0 t h  

ed g e n e r a l l y  o t o  9076 f o r  

ass being t h e  m decontaminated. 

t h e  w a t e r  was remained on the  p 

re not: as rea t h e  glass;  however, e 
o u t  98% of  t h  t h e  80°C m i l  

a n t s  on the  g l a  S-0900 had r 
on, p rov id ing  t amina t ion  factor 

niurn"'" i s  OR i c u l t  t o  rernov 

t aminat ion resu n u c l i d e s  and 



Table  7.3 Decontamination of Coatings : Comparison of R.esults fo r  
Overall Factors w i t h  Factors f o r  Xuthenim 

_I_ _I .̂ ~ ...-. - 
Decotitarnination I n i t i a l  Final Overall 

T e s t  Coupon -.- (dpm) (dpm) Factor 
Radioact ivi ty  Radioact ivi ty  Decontamination Fac tor  fo r  

loob 

CONTROLS 

P la te  g lass  5.18 105 <550 >goo 93 00 
S ta in l e s s  steel ,  304L (2-B f i n i s h )  5.66 105 1.01 103 560 185 
Teflon sheet 6.00 x lo5 2.43 x Id 247 185 
Polyethylene shcet 5.30 105 1.81 x Id 233 112 

TEST C O A T T X S  

h e r c o a t  Corp. 
56 
29 
7 

NO. 99 semigloss (vinyl)  5.72 105 3.65 103 

No. 66 (epoxy) 5.26 x IO5  7.64 x 10 7 

Phenoline 300 (mod. phenolic) 4.72 x lo5 1.93 x 10 24 13 
Phenoline 305 (mod. phenolic) 6.14 x I O 5  2.65 x 10; 23 10 
Phenoline 368 H )  mod. phenolic) 5.34 x IO5  2.77 x lo)$ 19 13 

No. SX-13116 (epoxy) 5.97 105 4.75 ~d 125 52 
No. sx-1667 v i n y l  5.39 105 ~b.50 I( 103 120 40 
No. SX-1666 [vinyl  5.80 x I O 5  5.80 x Id 100 35 
No. 47201 (chlor.  rubber)  5.34 105 5.47 12 97 32 
No. SX-1661 ch lo r .  rubber) 5.34 105 7.12 12 75 25 
No. sx-1665 [epoxy) 4.99 105 6.94 103 72 35 
No. SX-l665(B), (epoxy) 4.88 105 'f.03 103 
NO. MX-145 ( ac ry l i c )  5.1r-6 105 2.18 lo4 20 

Series-A (vinyl)  5.39 105 1.19 i o  45 19 

No. UC-9647 (epoxy) 5.314 105 5.61 10 9 17 
NO. u -813lc (vinyl)  5.'16 x lo5 8.55 x Id 66 44 

No. S-0900 (epoxy) 5.34 105 '900 3 9 0  8 3 0  
I n d u s t r i a l  special  (epoxy) 5.75 105 7.51 14 78 
No. S-0800 epoxy) 5.94 x 105 1.36 x lo4 44 

P las i te  7100 mod. phenolic 4.82 105 2.40 x lo4 20 15 
P las i te  7122 [mod. phenolic] 4.39 105 3.14 10 14 10 

No. 33 Hi3 (vinyl)  5.20 x lo5 3.56 x 10; 

4 Carboline Co.  Coatings 

Phenoline 368[G): [mod. phenolic) 5.27 105 3.70 10 14 8 
Devoe and Raynolds Corp. 

39 
29 
8 

No. 46614 (epoxy) 5.20 x lo5 8.09 x Id 

4 

4 

David E. Long Corp. 

P i t t s b u r g  P la te  Glass Co. 

Varni-Lite Corp. 

30 
18 

I n d u s t r i a l  [epoxy ) 5.84 105 2.25 10 26 26 

P l a s i t e  7155 (mod. phenolic) 5.53 105 1.62 x 10; 34 14 
Wisconsin Protective Coating Co. 

1 
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t e r i a l s  and c in each of ( 

-0.59 M, H20, e 
ution a t  BO~C. 

3 
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