
)"I5 0gCUldkru-l ~ ~ i W S - I ! 3  ut L P A G t S  
/U& 

, THIS IS C o p y A , O f  

MONSANTO CHEMICAL COMPANY 
U 5 GOVERNMENT CONTRACT NUMBER AT 33.1 CEN 53 

-- 

Dr. H. W. R u s s e l l  
Ass i s t an t  t o  t h e  Di rec to r  
B a t t e l l e  Memorial I n s t i t u t e  
535 King Airenue 
Columbus, Ohio 

Dear D r .  Russe l l :  

As discussed a t  OUT last v i s i t  a t  Rat , te l le ,  :re :::ill sv. lx5t  o i r  j::ail.tXL;- 
progress  l e t t e r  t o  you as of t he  33th of each nonth.  
t h e  first l e t t e r ,  it w i l l  be  worthwhile t o  revie:. briefly f o r  yovz infor%,t ion 
t h e  work done on t h e  bismuth d i s t i l l a t i o n  p r o j e c t  t o  da te  % t h  ercphasis on t h e  
mater ia l s -of -cons t ruc t ion  phase of t h e  problem. 

!.'!re f e e l  t h a t  i n  this, 

O u r  problem i s  t o  separa te  t h e  or,e t o  t y r o  pz.rts 3er i-*.illion of polonium 
The recovery  

The u l t h x t e  goal of  the F r o j e c t  i s  t o  ob ta in  

formed upon irradiat jag high-purity b i snu th  i n  ;L nucl-ear reacto- .  
of polonium should be as near q u a n t i t a t i v e  2s poss ib le ;  i n  the  order  of 99.5 
pe r  cent would probably s u f f i c e ,  
Folonium p u r i t i e s  g r e a t e r  t han  95 per  cent i n  the product,  al though Froduct 
concentrat ion r a t i o s  100 t imes g r e a t e r  t hen  the f eed  ;.:ooild 5e usefu l  and could 
be cons idered  as an immediate goa l  i f  g r e a t e r  c o n c e n t x t i o n  f a c t o r s  could not 
r e a d i l y  be ob ta ined .  

I n  general, two schemes or" p e r f o n i n -  tbe d i s k i l k t i o n  are bein>; con- 
s idered.  The f i rs t  method approximates an ordinar:- ba t ch  f r a c t i o n a i i o n .  The 
a c t i v e  b i snu th  rmuld be hea ted  i n  a s t i l l  pot t o  perhaps GOOOC a t  107:' p r e s s m e  
and t h e  vapors f r ac t iona ted  i n  a column t o  o b t a i n  r e l a t i v e l y  pure p o l o n i w  at  
t h e  top .  The degree of concentrat ion a t t a i n e d  by tLis method could probably 
be inc reased  t o  any d e s i r e d  value by inc reas ing  t h e  complexity of  the  c o l u m .  
This,  however, would be  at t h e  expense of decreasing t h e  processing r?.te. 

The second method would not  depend on f r a c t i o n a t i o n  but  r a the r  on t h e  
Unfortunately,  d i f ferent ia l  or  simple d i s t i l l a t i o n  of p o l o n i u !  froi.1 b i s m t h .  

t h e  relative m l a t i l i t y  of polonium from a po lon ium-b i s r th  mixture i s  approxi- 
mately 0.01 t imes the  t h e o r e t i c a l  value ob ta ined  from the vapor p re s su res  02 
t h e  tm substances.  However i f  t h e  degree of concen t r a t ion  need not b e  g r e a t e r  
t h a n  100, tm s tages  of d i f f e r e n t i a l  d i s t i l l a t i o n  should s u f f i c e .  
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Data that b v e  been ob ta ined  o n  t h e  r e l a t i v e  v o l a t i l i t y  of polonium 
compared t o  bismuth i n d i c a t e  t h a t  it i s  reduced from a p p r a x h a t e l y  103 t o  25 
as t h e  temperature i n c r e a s e s  from 600 t o  800°C and t h a t  i t  a l s o  decreases  xhen 
t h e  percentage of b i s w t h  tkt i s  vaporized becomes apprec iab le .  
vapor i za t ion  of bismuth, however, i n c r e a s e s  approximately ten-fold with each 
100°C i n c r e a s e  in temperature.  These f a c t o r s  are  important in s e t t i n g  t h e  
ope ra t ing  temperature of t h e  p rocess .  A d d i t i o n 1  f a c t o r s  vhich a f f e c t  t h e  
design and ope ra t ion  or" any s t i l l  inc lude  n e c e s s i t y  f o r  and means to a g i t a t e  
t h e  molten charge, method of  heat ing,  operat ing pressure,  and many ot!iers. 

The rate of 

It has become apparent  i n  working on t h i s  p r o j e c t  thczt, wh i l e  c e r t a i n  
o f  t h e  above problems involving t h e  a c t u a l  d i s t i l l a t i o n  of polonium and bismuth 
remain t o  be solved, perhaps t h e  most important s i n g l e  d i f f i c u l t y  i s  f i n d i n g  
a material of  cons t ruc t ion  s u i t a b l e  f o r  t h e  still. The a n s i e r  t o  t h i s  problem 
i s  needed no t  only f o r  t h e  u l t i i i i e  ape ra t ing  s t i l l  ?xt a l s o  for t h e  experimental  
units being b u i l t  t o  o b t a i n  d i s t i l l a t i o n  d a t a .  

An i d e a l  material m u l d  have t h e  fol lowing c - h r a c t e r i s t i c s :  

1. It should .be capable o f  containing b i snu th  up t o  9OO0C or h ighe r  
under reduced p r e s s u r e  vzithout adding h p u r i t i e s  t o  t h e  bismuth 
and without being a f f e c t e d  by t h e  bismuth. 

2 .  It should be capable o f  containing polonium under t h e  above con- 
d i t i o n s  without a l l o y i n g  o r  combin- w i t h  the  poloniuii. 

3 .  It should be r e a d i l y  a v a i l a b l e  and capable  or" b e i n s  rxchined, 
formed, and welded. 

b .  It should have a lovr vapor p r e s s u r e .  

5. It shou ld  w i t h s t a n d  a i r  c o o l k g  from 1,300°C and water quenching 
from 600°C v i t h o u t  d e l e t e r i o u s  changes i n  t h e  r a t e r i a l .  

It should n o t  be oxidized by a i r  a t  830°C t o  l,OCOo:. 6. 

7. It should be nonmagnetic t o  p e m i t  e l e c t r o m g n e t i c  s t i r r i n g  i f  
r equ i r ed .  

8 .  It should not  be a f f e c t e d  by n i t r i c  a c i d  t o  a l l o w  p e r i o d i c  leaching.  

It is  extremely doub t fu l  whether a material emtodying a l l  t h e s e  q u a l i t i e s  
w i l l  ever b e  found, so t h z t  any paterial chosen :.?.ill no doubt r ep resen t  a com- 
promise. Inconel  vas o r i g i n a l l y  selected because it i s  r e s i s t a n t  t o  high t e m -  
p e r a t u r e s  and corrosion;  i s  machinable, veldable, a n d  easi ly  formed; i s  a v a i l a b l e  
i n  s t anda rd  shapes; is  nonmagnetic; and i s  una f fec t ed  by polonium a n d  n i t r i c  
a c i d .  
apparent that t h e s e  tests were no t  s u f f i c i e n t l y  prolonged nor a t  high enough 
temperatures  t o  be conclusive.  
Commission and t h e  Navy (Liquid-E{etals Handbook, A.E.C. and Dept. of tLe Faq~,  

I n i t i a l  tests shoi:.ed no effect frol?;. n o l t e n  bismuth, but it l a t e r  became 

Data publ ished j o i n t l y  by t h e  Atomic Energy 

June, 1952, Nevexos P - 733) a e r i  can Sr ,e l t ing and i-Cefining 
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Company (Everhart ,  2.1 
Company, Research Dept . , Progress  Report No. 1, September 29, 1950) i n d i c a t e d  - -  . 
t h a t  Incone l  vnuld probably not be s a t i s f a c t o r y  for t h i s  a>p l i ca t ion .  
p u b l i c a t i o n  vas a v a i l a b l e  i n  t i n e  t o  be of en;i value oti ier thm t o  verIf:. our 
d i f f i c u l t y  with Inconel .  It Fight  be pointed out t h a t  considerable  d i s i p e e -  
ment exists between t h e  two r e p o r t s  mentioned above and a n  Oak 3 i Q e  National  
Laboratory r e p o r t  (Orvl\L-?54) on t h e  effect  o f  molten bismukh on v a r i o u s  metals. 

and Van Nuis, E.L., American Smelting and Refining 

; . e i t he r  

After t h e  f x i l u r e  of t h e  10-inch-dianeter inconel  s t i l l ,  a lowcarbon  
s t e e l  unit of t h e  same design was cons t ruc t ed  and v.~;ts ope ra t ed  about 59 h01a-s 
a t  a p p r o x h a t e l y  GOOOC. 
n a l  corrosion.  A t  t h e  end of t h i s  t h e  t h e  mils x2d bottorn of t h e  u n i t  had 
been deformed by t h e  combination of high temperature 2nd i n t e r n a l  V~CULJT, t o  
t h e  e-..dent t h a t  t h e  s t i l l  could no longer be used. '&en t h i s  s t i l l  w a s  dis- 
mantled, t h e  i n t e r i o r  did no t  sho:.r any evidence of a t t a c k  by bismuth, and 
a n a l y s i s  of t h e  bismuth showed only 0.01 pe r  cen t  i r o n  p r e s e n t  
t e s t  s t i l ls  of varying types have a l s o  been cons t ruc t ed  of  lo??-c-zbon s t e e l  and 
operated f o r  s h o r t  per iods of t h e  % i t h  s a t k f a c t o r g  results. 

Ckrone p l a t i n g  t h e  o u t s i d e  o f  t h e  s t i l l  avoided ex te r -  

Seve ra l  sinaller 

The t e s t i n g  of mterials of  cons t ruc t ion  a t  Mound Laboratory i n  t h e  hope 
of f ind ing  an i d e a 1  material has cen te red  on l o w c a r b o n  s t e e l  or Armco Ingot 
I r o n ,  some miscellaneous materials, and t h e  a l l o y s  fu rn i shed  by B a t t e l l e  folloivr- 
i n g  our  f irst  v i s i t  t h e r e .  Lm-carbon s t e e l  w a s  s e l e c t e d  because of i t s  ready 
a v a i l a b i l i t y  and t h e  f a c t  that i n  general  t h e  r e fe rences  mentioned above l i s t  
good r e s i s t a n c e  fo r  i r o n  and s tee l  t o  l i q u i d  bismuth. 

The r e s u l t s  a r e  given i n  Table I f o r  a s e r i e s  o f  co r ros ion  tes t s  con- 
ducted by heat ing bismuth in loifr-carbon s t e e l  cy l inde r s  one f o o t  long by 3/11 inch 
i n t e r n a l  diameter. 
t r i c a l l y  over  t he  lower t h i r d  of t h e i r  l eng th ,  and t h e  upper po r t ions  -.?rere air 
cooled. As i n  a l l  our t es t s  t h e  cy l inde r s  were evacuated continuously,  and i n  
t h i s  case t h e  r e s i d u a l  atmosphere was ni t rogen.  
t h e  bismuth was poured o u t  under 
ve r i zed  and sa,npled and i t s  iror? content  deterxiined bj t h e  thiocyanate  method. 

The tubes ,  vhich were nounted v e r t i c a l l y ,  xe re  !ieateC elec-  

At t h e  conclusion of each t e s t  
atmosphere of r d z o g e n .  It was then  pul- 

After each p a i r  of tes ts  t h e  c y l i n d e r s  were s e c t i o n e d  and exai?zined. 
In a l l  cases a b r i t t l e  depos i t  above t h e  heated zone was observed. The Lron 
content  of t h i s  depos i t ,  -&ich wzs-mgnet ic ,  is shown in Table I under " I ron  
in Condensation Ring". 
o f  fus ing  when hea ted  t o  about l,OOO°C, bismuth flowed out i n  small globules ,  
leavi>ng a r e s i d u e  of +.\e same form a n d  s i z e  as t h e  o r i g i n a l  p i e c e .  
f r a c t i o n  analysis o n t n i s  material shoved only m e t a l l i c  i r o n  and bismuth. 

The d e p o s i t  had t h e  appearance o f  a n  a l l o y ,  bu t ,  i n s t e a d  

X-ray clif- 

The r e s u l t s  o f  some e a r l y  co r ros ion  tes ts  in q u a r t z  con ta ine r s  are l i s t e d  
i n  Table 11. Duriron showed e x c e l l e n t  r e s i s t a n c e  bilk has no t  been used because 
o f  f a b r i c a t i n g  d i f f icu l t ies .  Although not  r e p o r t e d  i n  t h i s  table,  it was found 
t h a t  titanium formed pyrophoric a l l o y s  w i t h  bismuth. 

The r e s u l t s  obtained on s h o r t  t ime tes ts  are given i n  Table I11 for t h e  
a l l o y s  t h a t  you fu rn i shed  t o  us. 
evacuated quartz t u b e  w i t h  r e s i d u a l  helium atmosphere. 

These samples were heated i n  bismuth i n  a n  
From t h e s e  r e s u l t s  it 
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w a s  f e l t  that o n l y  t h e  S-590, 19-9DL, aqd H a y n e s S t e l l i t e  No. 25 shoxed suf- 
f i c i e n t  promise f o r  f u r t h e r  i nves t iga t ion .  
t h e s e  t h r e e  a l l o y s  i n  q u a r t z  tubes  f o r  100 h o w s  with a residual helium atmos- 
phere are shown i n  Table I V .  The 3-590 and t h e  19-9DL continued t o  shov excel- 
l e n t  cor ros ion  r e s i s t a n c e  and should be  t h o r o w h l y  inves t igz t ed .  
make some tes ts  t o  deterri ine i f  t h e s e  a l l o y s  v v l l  coxbine wi th  poloniur!. 

The r e s u l t s  obtained of hea t ing  

:!?e p l an  t o  

Very t r u l y  yours,  

mm : gl 

DISTRIBUTION: 

EakoLn 1.'. Haring V 
Laboratory Direc tor  

Copy 1 - Dr. H. 3.  Russe l l  
Copy 2 - D r .  H .  V. Russell  
Copy 3 - D r .  H .  "J. Russe l l  
Copy 4 - Dr. hi. M a  Haring 
Copy 5 - D r .  R. A .  S t a n i f o r t h  
Copy 6 - &-e Id. McEwen 
Copy 7 - Mr. P. M o  Engle 
Copy 8 - Mr. F, H. Belcher,  krea Manage?, A.E.C. 
Copy 9 - Cent ra l  F i l e s  
Copy 10- Cent ra l  F i l e s  

. 



D r .  H. Yo Russe l l  

Bismuth 

TABLE I 

- 
iron i n  

Duration Bismuth I r o n  i n  Condensation 
Test Charged Temperature Vacuug of t es t  Recovered Bismuth King 
NO; (gram) C°C.> (m.f?g.)  (hours )  (grms) (Per Cent) (Per Cent) 

1 100 980 1 24 81. 0.005 --- 

2 100 980 1 24 93 * 0.005 28. 

3 100 850 1 48 73.7 0 e 006 --- 

k 100 850 1 4s 78.0 0.003 15.5  

5 100 8 50 1 78 78 .O 0.05 --- 

6 100 850 1 7G tube  f z i l e d  when weld opened 30, 

7 100 850 0.7 100 80.0 0.2 --- 

8 100 850 0.7 100 85 . Z  0.2b 2 6 . -x- 

y- 100 850 0.7 100 97. 0.08 0.04 

4:- Sample 3.34 square cen t ime te r s  i n  area t e s t e d  i n  qua r t z  t ube .  

-x- l!feight of condensation r i n g ,  17.5 grams. 
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T.2BLE I1 

BISMUTH CORROSION TESTS ON M I S C W E U U S  METALS 

. .  
Temperature Vacuum Time  

Test Metal ( O C B )  (microns) (hrs.) Remarks 

Tantalum f350 50 100 The 1 i n O 2  sheet of 6 ail Ta l o s t  
510.5 rag. The immersed po r t ion  
was very S r i t t l e .  

Alnico1 g 50 50 24 During the  t e s t , n e e d l e s  appeared 
on the bismuth sur face  and s o l f d i f  fed ,  
A 35 degree increase  i n  tenpera ture  
permi t ted  cont inuat ion.  Ni Fe, Cu, 
Co, were present  i n  the b i s m t h *  

Molybdenum 900 50 19 0 All the  aismuth had condensed i n  t h e  
cool part of the  chamber at the  end 
of t he  t e s t .  A speetrographic  t r a c e  
o f  molybdenum was present  i n  the  
bisnuth.  The inmersed part o f  the  
nolybdenum wire was b r i t t l e ,  

Duriron 
Test  1 8% 50 72 0.002% i r o n  was found i n  the  bismuth 

pool ,  and 0.001 mg-  i n  the bismuth 
mirror on the  walls of  the conta iner .  

. Test 2 8% 50 100 A t r a c e  of i r o n  and molybdenum 
was present  i n  t he  bismuth. The 25 go 
t e s t  p i ece  lost 21.5 mg, 

N.B. 100 g. of bismuth was charged i n  each t e s t ,  

- 6- 
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Material of Construction Tests 

Sample Weight Loss in Pressme Time 
Name-ASM Code grams Weight, g . microns Min 

Haynes Stellite, 25 9.8431 
Haynes Stellite, S-816 6.9670 
Super Alloy, S-590 9.7=!6 
Super ~ l ~ o y ,  1 9 - 9 ~  6.3391 
Vitallium 4 9 0553 
Hastalloy, B 9.6620 
Stainless Steel, 304 12.2201 

11 I’ 347 12.0450 
11 316 5.2381 
11 314 1.2.6036 

321 17.9412 
I1  l1 310 12.9649 

l1 309 14.3350 

rf 446 7.0940 
?l 11 

11 

0.0026 (gain) 

0.0174 
0 0037 

0 5830 

0.3631 

0.6072 

0.1936 

- 
0 1473 

- 
0.0145 
0.2317 
0.1244 
0.2020 

30 
35 
35 
45 
37 
60 
60 
60 
60 
60 
30 
60 
60 
60 
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Temp. 
OC 

960 
1000 
840 
900 
980 
950 
950 
960 
950 
925 
900 
950 
930 
950 

-‘I- 
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T&EE IIL (eont.) 

' Haynes Super 
St e l l i t e  Alloy 

s-816 s-590 19-9DL 
- 25 - 

C * 0.35-0.45 0.4-0.5 
2.0 o m  1.0 

+ si 1.0 1.0 

8 ~i * 19-21 19-21 
0 Co * 42-44 19-21 
UBB 
a h  

~ F I  Ti O d  

G 0 Fe * Rem. 

r: 
d 

d 
C r  * 18.5-20.5 18.5-20.5 

Mo 3 05-4 
cb 3.5-4 

* 3.5-4 

3.5-4 
3.5-4 

3 5-4 
Rem. FQi  

0.25 
0.5 
0.60 

19 
9 

1.25 
0.3 
0.2 
1.2 
Rem e 

C 
0.02 Wac e None 

5 ! m  si None None 
Nom None E 

a* Ni None 0.16 Trace None 
0.001 

None 
Traee 

C r  None 0.045 
LI 

0.06 

4 0  
k U Fe None 0.04 

August 2 0 ,  1951 

Vitallfum 

0.22 
0.66 
00 53 

2.8 
62.2 
5.5 

27'. 4 

Hast- 
Alloy 
B 

0.05 

0.19 
0.59 

65 

28.6 

0.7 4.7 

None 

None None 
0.11 0.06% 

0.054 0 0 013 
None 0.135 
0.05 

0.10 0.33 
NOIE None 

* Amount unlcnom 

* Approximately 100 grams of bismuth used in each t e s t  
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304 347 316 314 446 321 3 10 

0.08 0.08 0.10 0.10 0.35 0.08 0.25 
2.0 2.0 

18-20 17-19 16-18 25 23-27 17-18 24-26 
8-11 9-12 10-14 20 8-11 19-22 

2 -3 
0.8 

0.4 

Rem e Rem. Rem. Rem. Rem Rem. Rem. 

N o n e  None N o n e  
0.05 0.04 0.05 

0.02 0.09 0.013 0.009 0.001 0.009 0.016 
0.014 0.077 0.074 0.06 0.02 0.02 

N o n e  
1.4 7.5 0.70 0.10 0.08 0.04 0.04 

+(+ A p p r o x i m a t e l y  100 grams of b i s m u t h  used i n  each t e s t  

309 

0.20 
2.0 

22-24 
12-15 

Rem. 

0.007 
0.03 

0.08 
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TABU IV 

BISMUTH CORROSION TESTS ON HIGH TFs.IPExATURE ALLOYS 

A l l o y  

Weight before 
Weight a f t e r  

Loss 
C o ~ r o s i o n  sate 

Bismuth Charge 

Temperature "Co 
p. i n  microns 

Appearance 
Af te r  t e s t  

Analysis of the  
bisrnuth f o r  

r e  
N i  

Go 
S i  

Mn 
CP 

Ma 
w 
Nb 

Ai2 
Ab 

M g  
Pb 
T i  

Haynes S t e l l i t e  
NO. 25 

8.7785 c=e 

8.6225 
0~1560 go 
0.0678 g o / i n o 2 /  
100 hrs. 

100 g o  

830 

12 

Etched 

Spectro. Chem. 

Not taken tr&ce 
Not taken 0.05 

Not taken 0.06 

0.04 

s-59 0 

9.3925 G o  

9 03347 
0.0022 gain 

(0.907 i n o 2  a r e a )  

100 go 

875 
l2 

Corners a l loyed  

Spectro. Chern, 

Weak O,O3q6 
weak 0.016 

Weak 
Trace 

Trace 

Trace 0.015 

Trace 
none 

none 
Trace 

Wace 

WB.Ce 

!Trace 

19 -9 -DL 

8,8000 g o  

8 0 7370 
0,0630 go 
0,0532 go / i n q 2 /  
100 hr's. 

100 g o  

a9 0 

12 

No change 

Spectro. Cnen. 

Trace none 
Trace none 

Xeak 0 007% 

none 

none 

none 
none 

none 

Trace 
none 
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