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PREPA R A TIO N  O F FOILS

J . G. P o v e lite s*

The th in  s o lid  f ilm s  of v a r io u s  e lem en ts  or th e ir  com pounds d ep o sited  
on a backing a re  know n  a s  f o i l s . T h ese  f i lm s  a re  o ften  o f a rad io a ctiv e  m a t­
e r ia l .  T hey are  u se fu l in  m any n u clea r  in v e s tig a tio n s  such  as  in  the study of 
f is s io n , or a s  ta r g e ts  for  p a r tic le  bom b ard m en t. T h is  p ap er w ill  d is c u s s  the 
m o re  com m on  m eth od s o f fo il  p rep a ra tio n  as  w e ll  a s  som e o f the p ro b lem s  
p resen ted  by n u clea r  p h y s ic s  ex p er im en ts  to the fo il  m a k er .

The com m on  m eth od s o f fo il  p rep aration  a re  th o se  o f e le c tr o d e p o s it io n ,  
painting fro m  so lu tio n , vacuum  evap oration , e le c tr o s ta t ic  sp ra y in g , and e le c  - 
tr o p h o r e s is . The ch o ice  o f a m ethod depends on the m a te r ia l to be d ep o sited , 
the type o f backin g m a te r ia l, the f ilm  th ick n ess  and the u n iform ity  d e s ir e d .
No one m ethod  i s  id ea l fo r  a ll  p u rp o se s .

T he m eth o d s d i s c u s s e d  a re  su itab le  for th in  f i lm s . A rad io a ctiv e  
so u rce  is  co n s id ered  th in  w hen its  e f fe c t iv e  th ick n ess  is  l e s s  than the e f f e c ­
tiv e  m e a n  range o f the alpha p a r tic le  s y s te m . In actu a l p r a c t ic e , fo ils  l e s s  
than 5 m g /cm 2 a re  c o n s id e re d  th in . F ilm s  th ick er  than 5 m g /cm 2 have b een  
m ade by adaptation  o f th in  f ilm  m eth o d s, but a s  f ilm  th ick n e ss  in c r e a s e s  the  
fo il  s u f f e r s  in  a p p earan ce , u n iform ity  and a d h eren ce . It is  b e l ie v e d  that the 
f ie ld  o f th ick  fo ils  is  a sep a ra te  one req u ir in g  new tech n iq u es.

ELECTRODEPOSITION

The e le m e n ts  o f the actin iu m  s e r ie s  cannot be d ep osited  in  m e ta llic  
fo rm . H ow ever , th ey  can  be d ep o sited  on the cathode as  the h y d ro x id es  or  
oth er  in so lu b le  c o m p o u n d s .  E le c tr o d e p o s it io n  o f th ese  e le m e n ts  is  m a in ly  
u sed  fo r  the p rep a ra tio n  o f v e r y  th in  f ilm s  o f a few  m ic r o g r a m s p er  square  
c e n tim e te r . T h ick er  f ilm s  can be m ad e, but ad h eren ce and u n iform ity  s u f f e r .  
T h ese  v e r y  th in  f ilm s  a re  put down q u an tita tive ly  and a re  u sed  as  s t a n d a r d s  
a g a in st w hich  th ick er  fo ils  a re  ch eck ed  by co m p a r iso n  f is s io n  counting,

A quantitative p lating  bath o f u r a n iu m  (1) in  the m ic r o g ra m  range is  
m ade by d is so lv in g  uranyl n itra te  in  4 p ercen t am m onium  oxalate  so lu tio n .
The so lu tio n  is  m ade b a s ic  by the add ition  of co n cen tra ted  am m onium  h y d ro x ­
ide usin g  m e th y l  red  in c ic a to r  and th en  m ade ju st red  to the in d ica tor  by d rop -
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'Wise a d d i t io n  of 6M n i t r i c  a c id .  P la t in g  is  done a t  1. 1 a m p e r e s  an d  8 v o l ts  
a t  80°C  f o r  1-1/2  H o u rs .  A ro ta t in g  p la t in u m  anode  i s  u s e d .  T h e  a c id i ty  i s  
c h e c k e d  a t  10 m in u te  i n t e r v a l s  and  m a in ta in e d  "with 6M n i t r i c  a c id  u s in g  m e th y l  
r e d  so lu t io n  f o r  th e  f i r s t  30 m in u te s .  D u rin g  the  n e x F h o u r  the  p la t in g  b a th  is  
a l lo w ed  to  be ju s t  b a s i c .  A t the  end , the  c a th o d e  i s  r i n s e d  w ith  methanol an d  
ig n i te d  in  a  b u r n e r  f l a m e .  T he com p o u n d  on the  c a th o d e  is  a s s u m e d  to  be
U3O8.

P la tin g  e ff ic ie n cy  f o r  m i c r o g r a m  q u a n t i t ie s  is  s a id  to  be 9 9 ,7  p e r ce n t, 
98 to  99 p e r ce n t fo r  up to  100 m ic r o g r a m s , and 97 to 98 p ercen t for  up to  
500 m ic r o g ra m s (2). T horium  and tra n su ra n ic  e lem en ts  m ay be p la ted  fro m  
th is  bath in  100 m ic r o  gram  am ounts or l e s s .  P la tin g  e f f ic ie n c y  i s  s a id  to be 
75% or  b e tter .

P lu ton iu m  m ay a ls o  be p lated  fro m  a h y d ro ch lo r ic  a c id  bath w h ere in  
the so lu tion  is  m ade ju st a c id  to m eth y l red  in d ica tor  w ith  2M h y d ro ch lo r ic  
acid  (1). A s t a t i o n a r y  p la t in u m  anode i s  u sed , E l e ctrop la tin g  is  done at 7 
v o lts  for  1 -1 /2  h o u r s . The cathode is  r in sed  w ith aceto n e  and ign ited  o v e r  a  
f l a m e .

PA IN T IN G

The painting o f good fo ils  is  d e fin ite ly  an a r t  and r eq u ir e s  p r a c t ic e .  
P ain ted  fo i ls  can  be m ade o f a lm o st any e lem en t that h as a sa lt  so lu b le  in  a 
v o la tile  so lv en t. N u m erou s th in  coa ts  are  n e c e s s a r y  to  build  up a  d ep o sit of 
the d e s ir e d  th ic k n e ss . F o r  th is  r ea so n , i t  is  d e s ira b le  that the so lu b le  c o m ­
pound be on e, such  as  a  n i t r a t e ,  that can  be rea d ily  d eco m p o sed  to an in s o l ­
uble one a fter  each  co a t. O th erw ise , each  new  coat ten d s to  d is s o lv e  s o m e  o f  
the p rev io u s c o a ts .

The m ethod h as produced fo ils  from, m icro  gram  am ounts to 10 m g /c m ^ .  
F o ils  up to two o r  th ree  m g /c m ^  a r e  h ig h ly  adh erent and can  w ithstand a. ligh t  
K leen ex  rub. A K leen ex  sw ipe te s t  can  u su a lly  rem ove v is ib le  p a r t ic le s  fro m  
the th ick er  f o i l s . U n iform ity  can  be a s  good or b e tter  a s  e le c tr o d e p o s ite d  
fo i ls  in  the 100 m ic r o g ra m  p er  square c en tim e te r  r a n g e .

U ranium  fo ils  can be p rep a red  by d is so lv in g  uranyl n itra te  in  ab so lu te  
e th y l a lco h o l. A good quality  brush  w hich  w ill  not d ep o sit  b r is t le s  on  the fo il  
i s  n e c e s s a r y . It is  u su a lly  tr im m ed  quite sh ort so  that the b r is t le s  are a lm o st  
s t i f f .  N u m erou s c o a ts  are  app lied  to  the backing m a te r ia l until the d e s ir e d  
th ick n ess  is  b u ilt up. A fter  each  coat is  app lied , it  i s  a llow ed  to dry  and then  
ign ited  using  an oven , flam e or h otp late  to  rem ove org a n ic  s u b s ta n c e s  and to  
con vert the n itra te  la y e r  to  an o x id e . The ig n itio n  tem p era tu re  should  be a s  
hot a s  the backing m ate r ia l can  w ithstand  w ithout dam age w hich  in  turn m u st  
be h ig h  enough for  the co n v e rs io n  to the d e s i r e d  o x id e .

O rd in a rily  the co n cen tra tio n  o f uranium  in  so lu tio n  is  50 m g /m l.  F or  
b etter  u n iform ity , a la r g e  n u m b e r  of co a ts  a re  n e c e s s a r y  a long w ith  a m o re  
d i lu te  so lu tion , p e r h a p s  as low as  5 m g /m l. C oncen tration s m uch ab o v e  50 
m g /m l y ie ld  a flak ing d ep o sit.

F o i ls  o f other e lem en ts  such as  p lu tonium , th oriu m  and neptunium

-  2 -



w hich  have a lco h o l so lu b le  n itr a te s  can be m ade by th is  m eth od .

C ircu la r  fo il  b a c k in g s  can  be coated  by m ounting th em  on a tu rn tab le , 
F ig . 1, w hich  is  ro ta ted  at about 60 rpm  w hile  each  coat is  being ap p lied . 
C y lin d r ica l s h a p e s  can  be co a ted  in s id e  o r  out by m ounting the cy lin d er  in  a 
chuck w hich  is  rotated  by a g ea red -d ow n  m o to r . R ectan gu lar  fo ils  can  be 
m ade by  m ounting the backing on a cy lin d er  and rotatin g  w ith  the b r u s h  h eld  
a g a in st it .

The m ethod len d s  i t s e l f  r ea d ily  to m a s s  p rod u ction  m eth o d s. R e c t­
angu lar fo ils  have b een  m a s s  produced  by m ea n s o f a fo i l  m ach in e by R . 
G ilm o re , R . P o tte r , and A . R od rigu es (3). S in gle uranium  fo ils  up to  ten  
fe e t  long have been  m ade and then cut into s e c t io n s  o f the d e s ir e d  s iz e .

The backing s t r i p  is  m ade into a continuous b e lt  by  sp o t-w e ld in g  the 
ends to g e th er . T his b e lt is  p la ced  o v e r  tw o r o l le r s ,  one of w hich is  m otor  
d riven  at 43 rpm . The o th er  r o lle r  is  m ounted on a c a r r ia g e  p a r a lle l  to  the 
f ir s t  r o lle r  and is  sp rin g  load ed  to m ain ta in  con stan t te n s io n  on the fo i l .  The 
d ista n ce  b etw een  the r o l le r s  i s  d eterm in ed  by the len gth  o f the fo i l .  The 
painting d ev ice  is  a h op p er, the bottom  of w hich conta in s a fe lt  b ru sh . It is  
m ounted o v er  the id lin g  r o lle r  so  that the fe lt  b ru sh  is  in  contact w ith  the b e lt  
a s  it p a s s e s  o v er  the r o l le r , U ranium  so lu tio n  in  the h o p p e r  s e e p s  through  
the  fe lt  and is  d ep o sited  on the b e lt . A row o f b u rn ers  p la ced  at the m o to r -  
r o lle r  end o x id iz e s  the d ep o sit a s  it p a s s e s  through the f la m e .

The painting m ethod h as been  u sed  in p rep arin g  stand ard  f o i l s . The 
m a te r ia l i s  pain ted  onto a w eigh ed , c lea n , e le c tr o p o lish e d  p latinum  b ack in g  
w hich is  f ir e d  at 800^'C a fter  each  co a t. T h ese  fo i ls  have b een  com p ared  by 
f is s io n  counting (and c o lo r im etry ) w ith th in  o n es  m ade by quantitative e le c tr o  - 
d ep o sitio n  and a g ree  w ith in  1% (4).

VACUUM EVAPORATION

The vacuum  ev ap oration  m ethod is  e a s i ly  adapted to m any m e ta ls  and 
com pou nds. The u n iform ity  o f  the f i lm s , the e a sy  con tro l o f th e ir  th ic k n e s s  
o v e r  a w ide range and the good ad h eren ce of the  f i lm s  m ake th is  technique  
m o st u se fu l. The th ick n ess  range c o v e r s  from  a few  m i c r o g r a m s / c m .^  to 
s e v e r a l  m g /c m ^ , Adhe rent UOg fo ils  a s  th ick  a s  14 m g / cm ^ have b een  m ad e. 
Its c h ie f  d isad van tage i s  that the evaporatin g  so u rce  m u st con ta in  s e v e r a l  
t im e s  the am ount o f m a te r ia l that w ill  be d ep osited  on the b ack in g . T h e r e fo r e , 
it  cannot be u s e d  w hen the a c tiv e  m a te r ia l is  a v a ila b le  on ly  in  lim ite d  q u a n titie s .

The h igh  vacuum  evap oration  apparatus is  gene r a lly  an a ll  m e ta l, 
w a ter  co o led  s y s te m . C are m u st be tak en  to  build  vacuum  evap oration  sy s te m s  
w ith  adequate pum ping c a p a c it ie s . M any m a te r ia ls  g ive  o ff ab sorb ed  gas ju st  
b efo re  evap oration  tem p era tu re  is  rea ch ed , thus h igh  pum ping sp e ed s  a re  a 
n e c e s s ity  to rem ove th ese  lib era ted  g a s e s .  H igh pum ping sp eed s  a ls o  p e r ­
m it fa s t  ope rating c y c le s .

The equipm ent in  u se by the author. F ig . 2, w as d esig n ed  for  vacuum  
d ep o s itio n  o f UO2, and PuO^, but is  a ls o  r ea d ily  adaptable to  m any oth er  
m a t e r ia ls . It c o n s is t s  o f a 2. 33 1 / s e c  m ech a n ica l pump and a 700 1 / s e c  o il
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diffuBion p u m p  c o n n e c te d  to  th e  e v a p o r a t i o n  c h a m b e r  a n d  co ld  t r a p  by  a s ix  
inch  p u m p in g  th r o a t .  T h e  co ld  t r a p  i s  n e c e s s a r y  to  p r e v e n t  the  d i f fu s io n  o f 
p u m p  o il  in to  th e  e v a p o r a t io n  c h a m b e r  a n d  in  th i s  c a s e  i s  a c o m m e r c i a l l y  
a v a i la b le  f r e o n - c o o le d  b a ff le  s u p p l ie d  by  a  s e p a r a t e  r e f r i g e r a t i o n  s y s t e m .
T h e  e v a p o r a t io n  c h a m b e r  i s  a  12 in c h  long  .c y l in d e r  c u t  f r o m  8 in c h  d i a m e te r  
b r a ss  tu b in g  of 1 /8  inch  w a ll .  T h e  b o t to m  p la te  o f  3 /8  in c h  b r a s s  i s  a t t a c h e d  
to  th e  p u m p -o u t  t h r o a t  a n d  h a s  a . r e c e s s e d  O - r i n g  g ro o v e  fo r  th e  c h a m b e r  to  
f i t  in to .  T h e  top  p la te  i s  a l s o  of 3 /8  in c h  b r a s s  w ith  a  r e c e s s e d  O - r i n g  g ro o v e .  
B olted  fla n g es  a r e  u n n e ce ssa r y  a s  a t m o s p h e r i c  p r e s s u r e  p ro v id es  adequate  
fo rce  f o r  a  good v a c u u m  tigh t jo in t. T he  c h a m b e r  i s  e q u ip p ed  w ith  a  4 inch  
d ia m eter  port f o r  view in g  the evap oration  o p era tio n . W ilso n  ro ta ry  shaft 
s e a ls  a ttach ed  to the c h a m b e r  and the top p late provid e f o r  sh u tter s , m o v a b le  
b a ffle s  and rotatin g  ta r g e ts . An ion  gage i s  lo c a te d  in  the b ottom  p la te . A  
s y s te m  of v a lv in g  p e r m i t s  d i s m a n t l in g  o f  the e v a p o r a t io n  c h a m b e r  v,/ithout 
shutting down th e  pum ps and a l s o  p ro v id es  for  q u ick ly  roughing out the sy s te m  
w hen pum ping down.

E v er y  p art o f the evap orator  ex p osed  to rad iation  fro m  the evap oratin g  
so u rce  m u st be w a ter  co o led  i f  the sy s te m  is  to be u sed  for  h igh  m eltin g  point 
m a te r ia ls . T he  ch am b er, top and bottom  p la t e s ,  and the u p p e r  part of the 
pum ping t h r o a t  a r e  c o o le d  by  1 /4  in ch  c o p p e r  tu b in g  s o ld e r e d  to  th e  o u ts id e .
The e le c tr o d e s  o r  fila m en t s te m s  a re  d r ille d  out so  that w ater  m a y  flow  
through th em . One e lec tr o d e  h a s  a w a te r -c o o le d  b affle  a ttach ed  to  i t  so  s h ie ld ­
ing the  p u m p  th roat fro m  rad ia tion  fro m  th e  so u r c e . The fila m en t s t e m s  p a s s  
through the bottom  p late and  a. vacuum  s e a l  i s  m ade by  m e a n s  o f  a  m ach in ed  
co n ica l gask et o f T eflo n .

The fila m en t p o w e r  supply is  a 5 KVA 1 2 0 /2 4 0  v o lt p r im a ry  and a 
1 2 /2 4  v o lt seco n d a ry  tra n sfo r m e r  co n tro lled  by a 15 KVA p o w e r sta t . T h is  
w ill e a s i ly  r a is e  v -sh a p ed  b oats of 5 m i l  tu n gsten , 2 in ch es  long w ith one inch  
high w a lls  to  the m eltin g  poin t.

A s f o r  f i l a m e n t s  o r  s o u r c e s ,  s e v e r a l  ty p e s  a r e  c o n s id e r e d  ixi. the  
l i t e r a t u r e  (5, 6, 7). F o r  th e  p rep aration  of fo ils  o f th e  r e fra c to r y  o x id e s  such  
a s  UO2 an d  P u O ^ , the  v - s h a p e d  b o a t  d e s c r i b e d  above  w o rk s  v e r y  w e l l .

F o r  e v a p o r a t in g  e x t r e m e l y  r a d io a c t iv e  m a t e r i a l s ,  th e  c h a m b e r  i s  e n ­
c lo s e d  in  a  hood.-type box v e n te d  to  f i l t e r  t o w e r s .  The d e s ig n  in  u se  by  the  
author (F ig . 3) h as a p le x ig la s s  front w ith  a  7 ” x  32" opening through w hich  
ob jects  can  be m anipulated  w ith g loved  h a n d s, A ir  flow through th e  opening  
i s  100 lin ea r  fe e t  p e r  m in u te . T h is arran gem en t h a s  proved  adequate to keep  
rad io a ctiv e  dust w ith in  the  box an d  y e t  i s  no t a s  in c o n v e n ie n t ly  c lu m sy  a s  the 
u s u a l  d ry  box w ith  i t s  b u lk y  g lo v e s  and  a i r l o c k ,

ELECTRO STATIC SPRAYING :

T he m a t e r i a l  to  be  d e p o s i te d  is  e je c te d  a s  a n  o r g a n ic  so lu t io n  f r o m  a 
f ine  ca p illa r y  by  the  ap p lica tion  of an e le c tr ic  f ie ld  and c o lle c te d  on  a  m eta l  
backing (8 ).

A g la s s  c a p illa r y  tube is  drawn down to a v e ry  fine opening and  the tip
cu t s q u a r e ly .  T h e  tube  i s  .filled w ith  a  d i lu te  o rg a n ic  so lu t io n  of the  m a t e r i a l
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to  be d e p o s i t e d .  A th in  p la t in u m  w ir e  is  p u sh ed  a s  f a r  a s  p o s s ib le  in to  the  
ca p illa r y  and fo rm s one o f the e le c tr o d e s . T he  m e ta llic  b a c k in g  fo rm s the 
o th e r  e l e c t r o d e .  T he d i s ta n c e  b e tw e e n  the  c a p i l l a r y  t ip  and  the  b a ck in g  is  
g e n e r a l ly  1 to  2 cm . A p oten tia l o f 3000 to 5000 v o lts , app lied  betw een  the 
e le c tr o d e s , c a u se s  the so lu tio n  to be ex p e lled  fro m  the c a p illa r y .

The s i z e , shape and u n iform ity  o f the d ep o sit depend on the b o r e  and 
shape of the ca p illa r y  tip  and on the r a t e  of d ep o sitio n . A c a p illa r y  w ith a 
sq u a re ly  cut tip g iv e s  a n e a r ly  c ir c u la r  d ep o s it , but th ese  are  d ifficu lt to o b ­
tain ; m o st  tip s  g ive an ir r e g u la r  sh ap e. The rate o f d ep o sitio n  depends on  
the bore o f the ca p illa r y  and the app lied  v o lta g e .

A ty p ica l so lu tio n  co n cen tra tion  is  10 m g /m l. H ow ever , on ly  sm a ll  
v o lu m es on the o rd er  of 5 to 10 m ic r o l it e r s  can be handled . C onseq uently , 
th is m ethod i s  u s e fu l  at p r e se n t on ly  fo r  the p rep ara tion  of v e r y  th in  f i lm s . 
H ow ever , it  d o es  have the advantage o f un iform  d ep o s its  and n eg lig ib le  l o s s e s .  
P o s s ib ly , fo ils  could be m ade q u an tita tive ly  by th is  m eth od .

M uch wo rk is  being done to adapt th is  m ethod for the p rep a ra tio n  of 
un iform , adh erent fo ils  in  the m g /c m ^  ra n g e . In the m ethod a s  d e sc r ib e d , i f  
the r e s e r v o ir  above the t ip  is  la rg e  enough to  contain  s e v e r a l  m il l i l i t e r s  of 
so lu tio n , the tip  b e c o m e s  p lugged  by d r ied  m a te r ia l b efo re  a ll  o f the so lu tion  
i s  e x p e lle d . E n larg ing  the tip p ro d u ces  n on -u n iform , fla k ey  d e p o s i t s  s in c e  
the d ro p le ts  then  hit the backing in  liqu id  foi'm  w h ich  ev a p o ra te s  in c lu m p s .
F o r  b e s t  d e p o s it s , the d ro p le ts  m u st evap orate  in  tr a n s it . S u c c e ss  in  m aking  
m g /c m  d ep o s its  has been  c la im ed  by heatin g  the backing in d ir ec tly  l 9). The 
backing is  p la ced  on an elongated  copper p la te , the end o f  w hich  is  h ea ted  by a 
f la m e . T h is  h ea ts  the backing by conduction  su ffic ie n tly  to cau se  the d ro p le ts  
to  evap orate  ju st b efore  h ittin g , yet the backing d oes not get hot enough to 
cau se  the d ro p le ts  to sp a tter  o ff, a d ifficu lty  en cou n tered  With d ir e c t  h ea tin g .

E L E C T R O P H O R E S IS

E le c tr o p h o r e s is  is  id en tified  as the m ovem en t of a ch arged  p a r tic le  
under the in flu ence o f an e le c tr ic  f ie ld . E le c tr o p h o re tic  d ep o sitio n  o f f e r s  the 
ad van tages o f u n iform ity  and co n tro l o f coating  th ick n ess  w ith  rapid  d ep o sitio n  
on reg u la r  and ir r e g u la r  s h a p e s .

The su sp en sio n  o f the fo il  m a te r ia l in  an organ ic  m ed iu m  is  prep ared  
by grinding the pow dered m ate r ia l w ith the  d isp e r s io n  flu id  in  a b a ll m il l .  B a ll 
m illin g  r ed u ces  the p a r tic le  s iz e  to about one m icro n  and a id s in  s ta b iliz in g  
and a ctiva tin g  the s o l probab ly  by d istr ib u tin g  the im p u rity  ions  w hich put the 
e le c tr ic a l  ch arge on the p a r t ic le s .  With the backing m a te r ia l a s  one e le c tr o d e ,  
the a p p l ic a t io n  of a few  hundred v o lts  c a u se s  the suspended  p a r t ic le s  to m ig ra te  
to the back in g. E ven , th ick  co a ts  can  be app lied  in  a few  m in u te s .

The d isp e r s io n  flu id s  o rd in a r ily  u sed  are  a lc o h o ls  and k e to n es . T h ese  
liq u id s u s u a l ly  have an e le c tr ic a l  con d u ctiv ity  o f the sam e ord er  a s  d is t i l le d  
w ater  w ithout the d isadvan tage o f gas  bu bbles develop in g  at the e le c tr o d e s .
The fo rm ation  o f gas bubbles at the e le c tr o d e s  p reven ts the d ep o s itio n  o f a 
uniform  and adhering la y e r . A lso , th ese  organ ic  liq u ids e v a p o ia te  q u ick ly  so  
that the coatin g  d r ie s  w ith in  a few  m in u tes  a fter  being rem oved  from  the bath.
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E lectro p h o re tic  d ep o s its  appear to  be quite un iform , though of low  d en ­
s ity . A d h eren ce is  not g rea t s in ce  the d ep o sit c lin g s  lig h tly  to the backing  
m a te r ia l. Rubbing and flex in g  ca u se  the m a te r ia l to drop off, though s in te r ­
ing o ften tim es  im p ro v es  a d h eren ce . G en era lly , e le c tr o p h o r e s is  is  u se fu l 
w hen tight ad h eren ce is  not a b so lu te ly  n e c e s s a r y  and w hen the in s id e  w a lls  o f  
cy lin d ers  and ir r e g u la r  sh ap es need  to be co a ted .

UO2 is  d ep o sited  from  an iso p ro p y l a lco h o l d isp e r s io n  flu id . D isp e rs io n  
ta k es 4 to 12 hou rs of b a ll m il l in g . S o m etim es  tr a c e  am ounts o f tann ic  a c id  or 
anhydrous h y d ro ch lo r ic  ac id  are  added to  help  activ a te  the so l, though u su a lly  
enough im p u r itie s  are p re se n t to se r v e  th is  fu nction . T ra ce  q u an tities o f z e in , 
a co rn  p ro te in , has proved  e ffe c t iv e  in  producing a tough coat o f  UO2 .

P lutonium  hydride can  be d ep o sited  fro m  a su sp e n s io n  in  jn-butyl a l ­
cohol (10). The d ep o sit is  vacu u m -d r ied  at room  tem p era tu re  and then  th e r ­
m a lly  d ecom p osed  at 525°C  to y ie ld  a sm ooth  hard  co a t. T h is  coat con ta in s a 
m ixtu re  of m e ta llic  p lutonium  and its  o x id e s . S im ila r ly , uranium  hydride can  
be d ep o sited  by e le c tr o p h o r e s is  and th er m a lly  d eco m p o sed  to a m ix tu re  o f  
m e ta llic  uranium  and its  o x id e s .

METHODS O F ASSAY

The a c cu ra c y  w ith w hich the am ount of fo il  m a te r ia l is  known often  d e ­
te r m in e s  the a ccu ra cy  o f the ex p er im en ts  in  w hich  the fo il  is  u sed . The a v e r ­
age fo il th ick n ess  is  u su a lly  d eterm in ed  by w eigh in g . The a ccu ra cy  o f w eigh ed  
fo ils  depends on the in e r tn e ss  o f the backing m a te r ia l and on the s ta b ility  o f the 
fo il  com pound. The ex a c t nature of the com pound on the fo il  is  o ften  not known 
but it can  be e st im a ted  fro m  the p r o c e s s e s  in v o lv ed . A ls o , x -r a y  d iffra ctio n  
a n a ly s is  can provide a c lue to its  co m p o sitio n . U ranium  fo ils  m ade by painting  
or e lec tr o d e p o s it io n  a re  often  ign ited  to U 3 0 g , V acuum  d ep o sited  fo ils  are  put 
down as UO2 .

If the fo il  is  too th in  to w eigh  a c cu ra te ly , it is  a lp h a-cou n ted . The 
sp e c if ic  a c tiv ity  o f the foil' m ate r ia l h as b een  d eterm in ed  p r e v io u s ly  by co u n t­
ing a th in , w eighab le d e p o s it .

The c o m p le te n e ss  o f a quantitative e le c tr o d e p o s it io n  is  ch eck ed  by ta k ­
ing an a liq uot of the r e s id u a l so lu tion  and a ssa y in g  it e ith e r  c h e m ic a lly  or by  
alpha counting.

M ajor co n stitu en ts  in  fo il m a te r ia l are  d eterm in ed  by ord in ary  v o lu m ­
e tr ic  or g r a v im e tr ic  a n a ly s is . T ra ce  im p u r itie s  are  e st im a te d  by sp e c tr o -  
c h em ica l a n a ly s is . T ra ce  q u an tities are  th ose p resen t in am ounts l e s s  than
0.001%  to about 1%. Q uantitative sp e c tro sco p y  depends on the m ea su rem en t  
o f the in ten sity  o f a sp e c tr a l lin e  due to  the so u g h t-fo r  co n stitu en t re la t iv e  to  
the in ten sity  o f a lin e due to a stand ard .

The am ount of fis s io n a b le  m a te r ia l on a fo il m ay be d eterm in ed  by c o m ­
p a r iso n  f is s io n  counting. The fo il is  p laced  in  a s low  neutron  flux  to g e th er  w ith  
a known standard fo il  o f  the sam e m a te r ia l, u su a lly  b a ck -to -b a ck . The n eu ­
tro n s str ik in g  the fo il  produce f is s io n s  w hich a re  counted and com pared  w ith  
th ose  from  the standard fo i l .
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C o lo r im e tr y  (11 , 12) is  another m ethod o f a n a ly s is  u sed  in  d e te r m in -  
ing the am ount o f m a te r ia l on a fo i l .  T h is  m eth od  i s  u sed  a fter  the fo il  h as  
se r v e d  its  e x p er im en ta l p u rp ose  s in c e  it  i s  d e str o y ed  during a n a ly s is . The  
co n cen tra tio n  o f a c o lo re d  su b stan ce  in  so lu tio n  b a sed  on its  ab so rp tio n  of 
lig h t i s  d eterm in ed  by m atch ing  the c o lo r  o f the sam p le  so lu tio n  w ith  that o f  
a r e fe r e n c e  stand ard . The co m p a r iso n  m ay  be done v isu a lly  or w ith  a photo - 
e le c tr ic  c e l l .

The am ount o f ra d io a c tiv e  m ate r ia l  on a fo il  m a y  be d eterm in ed  by 
c a lo r im e tr y  w hen the en erg y  of d is in teg ra tio n  i s  know n. C a lo r im e tr y  i s  the 
m e a su r em e n t o f the heatin g  rate  accom p an yin g  the d eca y  o f an e le m e n t. T h is  
h eatin g  rate  is  com p ared  w ith  ca lib ra ted  heatin g  r a te s  to  a sc e r ta in  the am ount 
o f the unknown s o u r c e .

The iso to p ic  co m p o sitio n  of fo i l  m a te r ia l is  d eterm in ed  by the m a s s  
sp e c tr o m e te r .

UNIFORM ITY

A n e s t im a te  o f the d e n s ity  d is tr ib u tio n  or u n iform ity  o f a fo il  can be o b ­
ta in ed  by the alpha counting o f sm a ll  a r e a s ,  w eigh in g  sm a ll  a r e a s , or  by e x ­
p osin g  the fo il  to  a n u c lea r  em u ls io n .

A fo il  can  be co v er e d  w ith  a m a sk , w hich  h a s  a sm a ll  h o le  w hich  e x ­
p o s e s  a known a r ea  o f the fo il  w hich  is  alpha counted . The m a sk  is  m oved  
about, ex p o sin g  a new  a r e a  for  ea ch  counting p er io d  g iv in g  an alpha d is t r i ­
bution p a ttern  for  w hich  the u n iform ity  o f the fo il  can  be e s t im a te d .

The d e n s ity  d is tr ib u tio n  o f vacuum  d ep o sited  fo ils  is  o ften  d eterm in ed  
by m ounting a num ber o f w eigh ed , c lea n  c o v er  g la s s e s  o v er  the so u rce  in  the 
sa m e g eo m etry  a s  the ta r g e t . A fter  eva p o ra tio n  onto the co v er  g la s s e s ,  the 
in c r e a se  in  w eigh t o f ea ch  c o v er  g la s s  is  obtained and a d en sity  d istr ib u tio n  
p lo tted . In the c a se  o f  ra d io a c tiv e  m a te r ia l, each  co v er  g la s s  can  a ls o  be 
counted .

A  fo il  can  a lso  be ex p o sed  to  a n u clea r  e m u ls io n , the e m u ls io n  d e v e lo p ­
ed and the alpha tr a c k  d istr ib u tio n  d eterm in ed  by m ic r o sc o p ic  ex a m in a tio n . 
P a r t ic le s  fro m  stro n g  so u r c e s  req u ire  b r ie f , a c c u r a te ly  tim ed  e x p o su r e s .  
R elia b le  in form ation  on the s ta t is t ic a l  d istr ib u tio n  of alpha tra ck s  a re  obtained  
w hen th e ir  population  e x c e e d s  1000 /cm ^  (13).

The b lack en in g  o f a photographic p late  h a s  a lso  b een  used  a s  a  m e a su r e  
o f u n ifo rm ity . The b lack en in g  is  a function  o f the a c tiv ity  and the re fo re  o f the 
th ick n ess  o f the f ilm .

The u n iform ity  o f a vacuum  evap orated  d ep o sit i s  o ften  e s t im a te d  by  
a ssu m in g  that the c o s in e  law  o r  so m e m o d ifica tio n  of it  i s  a p p lic a b le . F ro m  
a point so u r c e , the u n iform ity  o f d ep o sitio n  onto a plane d is c  fa l ls  o ff fro m  the  
cen ter  to edge in  p ro p ortion  to  c o s^ 0 , i f  20 i s  the angle subtended by the d isc  
at the so u r c e . H ow ever , u n iform ity  is  m uch b e tter  than th e o r e tic a l for  the 
so u rce  is  not a point and in ev ita b le  gas c o ll is io n s  and c o ll is io n s  b etw een  vapor  
atom s in  the evap oratin g  b eam  sm ooth  out the b ea m . T h e o r e tic a l trea tm en t o f
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the p r in c ip a l ty p es  o f so u r c e s  such  as  p o in t, w ire  and plane a re  ad eq u ately  
co v ered  in  the litera tu re  and w ill  not be gone into h ere  (6 , 7, 14).

BACKING

The kind o f backing m a te r ia l m ay be d eterm in ed  by the type of n u clear  
ex p er im en t. The p o ss ib le  in tera c tio n  o f a backing w ith the p a r t ic le s  o f in te r - 
e s t ,  the en erg y  of the charged  p a r t ic le , the d etec to r  s y s te m , the sca tter in g  
p rob lem s are a few o f the m a tter s  to be co n s id ered  in  se le c t in g  a b ack in g. In 
neutron w ork , the backing is  o ften  unim portant. H ow ever , i f  a s  in f is s io n  
s tu d ie s , the e n e r g ie s  o f both fra g m en ts  are  to be m ea su red  as in co in c id en ce  
counting and tim e -o f - f lig h t  s tu d ie s , the backing m u st be thin ehough to p a ss  
one of the fra g m en ts  w ith a m in im u m  en erg y  lo s s .  F o r  in s ta n c e , 0 . 000005  
inch n ick e l h as b een  u sed  a s  the backing m a te r ia l.

The backing m ate r ia l  o ften  dete rm ine s the m e thod by w hich  the fo il  
w ill  be m a d e. F o r  e le c tr o d e p o s it io n , the backing m u st be conducting, stab le  
in  the p lating  bath, and th ick  enough to be fr e e  o f p in  h o le s .

F o r  painting, the backing m u st be stron g  enough to w ithstand  brushing  
and be in so lu b le  in  the so lv en t used  a s  a painting v e h ic le . W here each  la y e r  
is  to be ign ited  to an o x id e , a s  in  painting uranium  and plu tonium  f o i l s , the 
backing m u st be able to w ithstand  the tem p eratu re  u sed  w hich  is  u su a lly  about 
400°C , m in im um .

A lm o st any backing m a te r ia l having a low vapor p r e ssu r e  can be ad -  
apted for the vacuum  evap oration  m ethod . Thin or low m eltin g  point m a te r i­
a ls  can be p laced  far enough aw ay fro m  the so u rce  fila m en t so  that the b a ck ­
ing is  not dam aged by the h eat rad ia tion . If n e c e s s a r y , a rra n g em en ts  can be 
m ade to co o l the backin g. When 0. 000005 inch n ick e l is  s e le c te d  as the b a ck ­
ing, vacuum  evap oration  ap p ears to be the only p ra c tica b le  w ay to  put down 
a uniform  f ilm . A com pound w ith a low  su b lim ation  tem p era tu re  such  as  
U F 4 or PuF^ h a s to be u sed  in the so u rce  fila m en t.
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F ig .  3 V acuum  d e p o s it io n  equip m ent u sed  in  m ak in g  fo ils  o f en r ich ed
uranium  and plutonium
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