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Under t h e  d i r e c t i o n  of  F ,  W, Spedddlng, H ,  A. kdilhebm, 
B o  A ,  Rogers,  0 ,  N o  Carbson, P o  Chistti, 

Do Peterson,  and J o  F,  Smith 
> 

h., P u r i f i c a t i o n  and Sepa ra t ion  S tud ie s  

1,l N%ob%%e-Tantali te Ore Treatment (1)" 

Work on t reatment  ~f khese o r e s  has continued on l a b o r a t o r y  
t e s t  s c a l e  in an e f f o p t  t o  detesmfne optimum cond i t ions  f o r  t he  
basic f u s i o n  t r ea tmen t ,  However, one relatively l a r g e  ba t ch  of 
t h e  o r e  was tgaeated and some d f f f f c u l t i e s  were m e t  t h a t  were not  
ev ident  on t h e  small  s c a l e  t es t s ,  

The l a r g e  batch was 20 pounds of an ore  concen t r a t e  con ta in ing  
between 60 and 70 per  cent  of  cornbiased niobium and tantalum oxides ,  
The t o t a l  charge included a l s o  16 pounds o f  NaOH and 8 pounds o f  
Ma$ The keactfon was earpied out  i n  an i r o n  CsucibBe a t  
650"E0for about one-half hour,  
was leached w i t h  1W MaOH s o l u t i o n  and the r e s fdue  t r e a t e d  with 
d i l u t e  MC1.. It was found hem tha t  fiBtratfon t o  recover  t h e  
acid oxides  from the ikon, manganese and o"6er fmpur f t f e s  i n  the 
MCb s o b ~ t i o n  was exceed%ngly s low,  Fur ther  w o ~ k  w i l l  have t o  
be done t o  e l i m i n a t e  o r  speed up this s t e p  f o r  l a r g e r  sca le  o p e r a t l o n s ,  

I C  

Following this t rea tment  t h e  product 

Some work was done ~n t h e  poss fb$e  use of po$assium compounds 
as s u b s t i t u t e s  f o r  sodium compounds in the basic  f u s i o n ,  Combina- 
t i o n  of KQW w i t h  and w$thout ow$d%z%ng agents showed t h e  KOH with 
MC103 gave the b e s t  reawb%on w i t h  t h i s  pa r t%eu la r  o r e ,  

Separatfon o f  ~~~~~~~ and Tantalum by Liquid-Lfqufd 
.EXE=F-- 

1,2 

The separation 0% niobium a.nd tantalum salts 8r t h e i r  acids 
ha8 been aceomplfshed by Piqn%d-l$q2uSd - - e x ~ & r a ~ t f o n  when employing 
VaEUfoU8 water-%mmfsQ%ble organic soabveaats, It was observed t h a t  
~0aa&a@tfng an  aqueous I3.F s o l u t i o n  of niobium and tantalum with 
V ~ P ~ Q U S  ketones,  ahcmhols, e s t e r s ,  aldehydeah ether8, organfc 
phosphates, organfa phosphites and amnafnes r e s u l t e d  i n  a preference  
f o r  $antalum $;Q t r a n s f e r  $0 t h e  ordgani@ phase,  A t  t h e  p re sen t  
% % m e  experfments have shown that  a batch e x t r a c t i o n  c o n s i s t i n g  0% 
thpee ~ ~ n t a e t , ~  can p r o d u ~ e  uite pure tantalum and niobium with 
greater than 96 per  cent  ~eoovegdy of bo th ,  Parpt3.a.l Q'F aomplete 
n e u t m l i z a t i o n  of t h e  exae38 W wi$h V ~ P % Q W  amines has a l s o  

Numbers %ndAca$e group l e a d e r s  I n  charge of work., See Appendix 
III e 

.ac. 
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m-toluidine,  o - to lu id ine  OF o - t o l y l  propanolamine were added t o  
t h e  aqueous phase, a second phase appeared a t  a pH of from 4 t o  
6 .  These p a r t i a l l y  n e u t r a l i z e d  aqueous s o l u t i o n s  were no t  
i n d e f i n i t e l y  s table  s i n c e  p r e c i p i t a t e s  formed s lowly on s t and ing .  
So lu t ions  that were i n d e f i n i t e l y  s table  were obtained by adding 
monoethanolamine, diethanolamine, t r ie thanolamine ,  3-aminopropano1, 
aminoethyl ethanolamine o r  d i e t h y l  ethanolamine t o  the HF s o l u t i o n  
of niobium and tantalum. For t h e  f irst  a l i p h a t i c  alcohol-amine 
o f  t h i s  series a p K  of 7.5 was reached be fo re  p r e c i p i t a t i o n  started 
while f o r  the rest of  t h e s e  compounds no p r e c i p i t a t e  formed when 
a pH of from 9 t o  10 was reached. Phenyl e t h y l  ethanolamine, 
phenyl diethanolamine and ran-tolyl d ie thano1 amine formed a second 
phase at  a pH of from 4 t o  6 when added t o  the HF s o l u t i o n  of 
niobium and tantalum, T h i s  p a r t i a l l y  n e u t r a l i z e d  aqueous s o l u t i o n  
appears t o  be i n d e f i n i t e l y  s table .  Corrosion s t u d i e s  on most of  
these n e u t r a l i z e d  o r  p a r t i a l l y  n e u t r a l i z e d  aqueous s o l u t i o n s  of 
niobium and tantalum i n d i c a t e d  that  a t  a pH of 4 o r  h ighe r  cont inuous 
s i n g l e  o r  mul t i s t age  e x t r a c t i o n s  could be performed i n  glass 
equipment w i t h o u t  apprec iab le  a t  t ack 

Many s i n g l e  stage e x t r a c t i o n s  employing completely o r  p a r t i a l l y  
immiscible organic  phases were performed on these amine-neutral ized 
s o l u t i o n s  of niobium and tantalum, The same r e l a t i v e  t r e n d s  
r e s u l t e d  f o r  these systems as were r epor t ed  f o r  t h e  amine f r e e  
HF s o l u t i o n  of niobium and tantalum, Ketones i n  g e n e r a l  were 
s u p e r i o r  t o  a l coho l s ,  aldehydes,  e s t e r s ,  o rganic  phosphates 
and ethers f o r  the s e p a r a t i o n  of: tantalum from niobium. However, 
bo th  s e p a r a t i o n  f a c t o r s  and mass t r a n s f e r s  were lower f a r  the 
amine-hydxwfluoric acid systems t han  f o r  the corresponding amine 
f r e e  hydsof luor lc  acid systems. 

A t en-s tage  @ounter@uspent  extraction was c a r r i e d  out employing 
an  HF s o l u t i o n  of niobium and tantalum which was saturated w i t h  
phenyl e t h y l  ethanolamfne, Ten, mf l l%l i te rs  of t h i s  feed s o l u t i o n  con- 
t a i n i n g  t h e  equ iva len t  of 112 g of the  combined niobium and 
tantalum pentoxides  pe r  l i t e r  was introduced a t  s t a g e  five of 
the ex t r ackor  for each e y a l e ,  T h i r t y  m i l l f l i t e r s  of d i e t h y 3  
ketone which c o n s t i t u t e d  the organic  scrub  were introduced f o r  each 
cyc le  at  s t a g e  one. The aqueous scrub  was a Q.53M MF s o l u t i o n  
s a t u r a t e d  w i t h  phenyl e thy l  ethanolamine, Five mi l l i l i t e r s  of the 
aqueous scrub  p e r  cyc le  were added a t  stage t e n ,  

Apppoximately 20 cyc le s  were requiked f o r  the aqueous and 
o rgan ic  product phases t o  r each  e s s e n t i a l l y  s teady s ta te  based on 
t o t a l  oxide concentrations and niobium-tantalum analyses .  The 
niobium %a? t h e  aqueous product contained less than  3QO ppm 
tantalum while the tantalum i n  t h e  o rgan ic  product analyzed 100 
ppm nfobfum, The mass t r a n s f e r  t o  t he  a rganie  phase was about 52 
p e r  cen t  of the t o t a l  weight, A q u a l i t a t i v e  a n a l y s i s  of t h e  
p roduc t ' s  phases i n d i c a t e d  tha t  most of t h e  i m p u r i t i e s  remained i n  
the aqueous phase, % 
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a c i d  and 6 * 6  molar i n  ammonium t h i o ~ y a n a t e ,  
t o  $he ketone phase appeared t o  be %nf"luen@ed asmewhat by the 
number o f  carbon atoms on the ketone, It was found that as the 
number of" carbon atom8 11688 increased $n the al%phatic ketones the 
amount of transfer t o  the  oxygm2b phase dfmfnished, The best 
sepapapabion was obtained wi th  methyl ethyl ketone, Isopho??one a l s o  
exhfbited good sepasatfon p r o p e r t i e s ,  The pepcentage by weight 
of hafnium B e f b  9n the aqueous phase a f te r  c o n t a c t i n g  once wfth 
methyl e t h y l  ketone was 0 ,5  p a r  cemt when the aqueous phase o r i g i n a l l y  
~cpn%aLned 2,5 per  cant HF in the aircsgnfum, S i m i l a ~ l y ,  i t  was Q,4 

 he amount of tkansfer 

p e r  C e n t  af$eP Con$aQt$t3g With %sQphoPOQe, 

2 "  

2 , B  

Hafnium f l u s r % d e  has been p r e p a ~ e d  by the  addf t fon  of aqueous 
h y d ~ o f l ~ ~ ~ % ~  ac id  t 0  B h f ~ ~ f u ~ l m  o w y ~ h B o ~ 9 d e - o ~ ~ % t ~ a $ e  sal t  mi~t tare ,  
T h i s  mfxtum was obtained by c~ys$all%zat%on f s 0 m  the aqueous 
phase of the If ufd-liquid extkaQt%on fn which the airconfum 
is removed in the organic phase solution, Compbete conversion 
t o  the hydmted  hafaa9um f l u o r i d e  has bsean obtained using e i the r  48 
p e r  cew% or 70 pes  oeaaR; hydrofluoric acxtd, The prec%pi$ate 0% 
hafnfum f1usaride monohydrate $8 whfte, g r a n u l a r  ana easily 
f i l t e r ed  from its mother liquo~, The hydrated f l u o r i d e  was air 
dried a% gTQ"C and then placed $in a magnes%um-&fned po ta ry  
hydro f luo r ina t ion  furnace $032 3 hours a t  250°C and 5 hours $6 
400°C and the hydrate tkaermaa%Py --_ - d e ~ ~ m p o s e d  t o  the anhydag~us hafnfum 

, . . . . . . .. .. ... .. .. .. 
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vanadium ch lo r ides  by hydrogen reduetion ob" the te$raehloaide does 
not  seem to be pramm$sing, 
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3.5 Preparation of Thopiurn Metab (5) 

&', b 

,, .. 
._ <.., . - ........... 
. . c  - . -  ~ . .  . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ........................ 



Alloys sentaining nap t o  15 weight p e r  cent uranium show good 
corroslkon r e s i s t ance  f o  boiling water, These a l l o y s  ssnsfst of a 
UPaniurn-ziwG %nterrne$a%Bi@ phase i n  an easen%%aPBy puke zinc matr ix ,  

............ . . . . . .  . . . . . . . . .  . . . . . . .  _ . .  . . . . . . .  . . . . . . .  ....................... 3. 
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x-ray di%fTa@tion patterns show %hat the c rys t a l  stregettam? sf 
t 9s phase is hexagonal w L % h  spase group E3yrnmetP.y @6mc, C52e, or 8 0 0 

of efgh$ formula-we$gh$s per unit cell, 

C$m. The BattSee pa~aaameters are G 17.12 A and 8 1 A. 
These values of" the params$ers and the measured den.sf%y gfve a value 

I n t e n s i t y  d a h  have been taken f o r  hoP, hhl, and kako ref lect%ops,  
From %hese data %he fol,lsw%ng Pe%tersow. prsjectfons have 'haem 
made2 P ( X , Z ) $  P(aC-,+Y,Z), and P(x ,y) ,  

........... . . . . . . .  . . . . . . . . . .  . . . . . . . . .  . . . . . .  . . . . . . . .  . . . . . .  ..................... 



hours locate the  intermediate phase between 60 and 70 weight p e s  
cent tantalum, Powder patterns of: the 60 and 70 p e r  cent  a l l ~ y s  
contained 22 lines whfch were indexed on the basis of an orthorhombic 
c e l l  a. zz T o Q 5  kx, b, 4,13 and eo 3 3.57. No l i n e s  corresponding 
to the  body-eenteked cubLC phase were de%eeted,  

S tud ie s  ( 6 )  

The temperature dependence of &ha elbeetr9aal resistivity of 

e f fec t  of caas;bson QWB the %horfum transformation fop temperatures up 

bhosium a l l o y s  $n t h e  eowpositfon range up t o  2,Q wefght pep cent 
carbon has been Snvest iga%ed,  These ~ ~ e s u P t s  have ~ e v e a l e d  the 

t o  l600"@ and fox- ewbon  coneea tmt ions  up t o  Q,25 weight pea. cent ,  
A t  hfgher tempe~atures sand cancentnations the  results sf resis%%v%ty 
measurement% have no.$ been amenable %s unambiguous Snterpretat icm,  

.- 
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Type of Layer 
Fopmed 

Broke of f  and 
f l o a t e d  i n t o  U-Cr 
ELllQy 

Broke off and 

alE0y 
f l o a t e d  f n t Q  U-CP 

90 aa-5 m-5 zap 18 days 1 
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Table X 

9 30 days 1.9 x in. - 0.1 x IOo3 in. 



Tantalum, niobium, molybdenum and vanadium a l l  show e x c e l l e n t  
r e s i s t a n c e  t o  thorium-magnesium e u t e c t i c  a l l o y s  a t  1000°C bn 
s t a t i c  tests. Some type of dynamic t e s t  w i l l  be made on these 
metals t o  determine whether t h i s  co r ros ion  r e s i s t a n c e  w i l l  cont inue 
under dynamic condi t ions .  A 

.. 5.2 Cast ing  U i n t o  Z r  Cans ( 2 )  

Thin-wall zirconium tubes  were fabricated from 2 m i l  zirconium 
s h e e t  and uranium metal was c a s t  i n t o  them i n  an  unheated mold. 
Even bonding was obtained wi th  some diminut ion i n  the  wall 
th i ckness  but  w i th  no p e n e t r a t i o n  through the t h i n  sheet. When 
a similar tube  was f lash-coa ted  wi th  copper p r i o r  t o  pouring, 
complete p e n e t r a t i o n  of the wall was observed i n  s e v e r a l  p l a c e s .  

A U-5 weight per  cent  Zla a l l o y  was used i n  the i n i t i a l  i n v e s t i g a -  
t i o n s .  The a l l o y  was prepared by bomb co-reduct ion of UF4 and ZrF4 
and then  melted i n  vacuum and poured i n t o  graphi te  molds t o  produce 

2 inches  i n  l eng th .  To ob ta in  a complete m e t a l l u r g i c a l  bmU between 
the uranium and the a l l o y  can, i t  was found necessary  t o  f l a sh -coa t  
the i n n e r  wall with copper. It was a l s o  found necessary  t o  preheat 
the cans t o  800°C before  pouring t h e  uranium a t  125OOC and t o  fol low 
t h i s  by a pos thea t  of the f i l l e d  can t o  1100°C t o  complete the bond- 
ing .  

The s t r e n g t h  of the bond between the :U and the uranium+ pe r  
cent  Z r  a l l o y  was determined t o  be 45,500 p s i .  

5.4 Zinc Base and Composite Coatings on Uranium (6)  
Smooth adherent  z i n c  c o a t s  approxfmately one m i l  t h i c k  can be 

roduced on uranium by d ipping  t h e  metal Zn a molten z i n c  bath a t  

? c y l i n d e r s  of 1/16 inch  wall thickness, 3/4 i n c h  o u t s i d e  diameter, and 

fs 75°C f o r  one minute and then  c e n t r i f u g i n g  t o  remove the excess  
Zinc. A copper e l e c t r o p l a t e  can r e a d i l y  be depos i ted  on t h i s  z i n c  
base which g i v e s  a composite coa t  with reasonably  good co r ros ion  

ISe-423, &ittempts t o  reduce the p o r o s i t y  of the copper p l a t e  by 
annea l ing  r e s u l t e d  i n  the development of b l i s h e r s ,  and hea t ing  f o r  

- r e s i s t a n c e  t o  b o i l i n g  water. However, as p rev ious ly  r epor t ed  i n  

- s e v e r a l  hours a t  300 r e s u l t e d k  the format ion  of a b r i t t l e  and 
* ,  f r iable  phase between the o u t e r  copper coa t  and the  uranium. 

On the suppos i t i on  that  b l i s t e r i n g  might be due t o  e v o l u t i o n  
of hydrogen i n i t i a l l y  d i s so lved  i n  the uranium, samples were pre- 

. p a r e d  from uranium which had p rev ious ly  been outgassed a t  850°C 
under vacuum. The samples were d r y  pol i shed  and without f u r t h e r  
t rea tment  were immediately dipped i n  the z i n c  bath,  t hen  cen t r i fuged  
and e l e c t r o p l a t e d  with copper i n  the u s u a l  way. These samples 

.. .. ....... . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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behaved i n  the same manne~ $8 samples prepared from metal which 
had not been prevf~tasly ou%gas@ed, showing that t h e  cause of $he 
blistering wa8 most probably due t o  the evolu t ion  0% gases occluded 
or adsorbed during y l a t f n g ,  - 
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dark-colored chromium-zinc phase which r e s u l t s  i n  subsequent 
pee l ing  of t h e  c h ~ o m i u m . ~  
the zfnc coat  f n  the prPesent i n v e s t i g a t i o n  showed a tendency t o  
b r i t t l e n e s s  and s c a l i n g  on hea t ing  a t  3OO'C f o r  s e v e r a l  hours.  
A specimen with a composite coa t  of appkoxfmately 1.0 m i l  o f  z inc 
and 1,O m i l  of chromium was heated i n  s i l i c o n e  oil slowly (2  1/2 
hours) t o  25Q°C, then  held at; t h i s  temperature f o r  3 1/2 hows ,  
followed by 2 hows a t  300°C and t h e n  cooled t o  room temperature .  
T h i s  sampls was t e s t e d  i n  b o i l i n g  water and found t o  have l o s t  
4,83 mg/cm 
simultaneously tested showed a weight l o s s  of 3.84 mg/cm . The 
unannealed chromium-zinc c o a t s  also show approximately the same 
cor ros ion  ra te .  The chkomium plates  t h u s  fa r  produced have not  
improved the co r ros ion  r e s i s t a n c e  of the zinc-coated uranium. 

Chromium plates depos i ted  d i r e c t l y  on 

- 
- 

8 af te r  138 hours, whereas ha zinc-coated sampl 

Composite c o a t s  of zinc-copper-chsomiup have been developed 
f o r  the co r ros ion  p r o t e c t i o n  of bery l l ium.  
similar t o  those  descr ibed  by Beach and Faus t ,  a n  attempt was made 
t o  produce a co r ros ion  r e s f s t a n t  copper-chromium p la te  over  z inc-  
coated uranium, Ten usanfum samples were cleaned,  hot-dipped i n  
z inc ,  cen t r i fuged  and prepared f o r  copper p l a t i n g  as p rev ious ly  
descr ibed ,  ISC-423. The th i ckness  of the z i n c  coat  on these 
samples was 1.2 5 0.2 m i l s .  
p l a t e d  us ing  the copper p l a t i n g  ba th  f o r  z i n c  descr ibed  by Beach 
and Faus t .  The th i ckness  of the p l a t e  on f o u r  samples was 0,1 
m i l ;  on the o t h e r  f o u r  samples i t  was 0,5 mil t h i c k ,  The cogger 
su r fabe  was cleaned i n  a N a C N  bath followed by a d i l u t e  H SO4 d i p  
and then  e l ec tPop la t ed  with chromium. A aommercial c k o m  f urn. 
p l a t i n g  ba th  was used and a double cathode clamp was employed i n  
o rde r  t o  avoid c u r r e n t  i n t e r r u p t i o n  dur ing  changes i n  contact 
p o s i t i o n s  on the sample. 

Using procedures  

Eight  of the  samples were then  copper 

Two sf the Zn-Cu-Cr coated samples a long  wi th  a zinc-ooated 
sample were tes ted fop  eorposfon in b o i l i n g  d i s t i l l e d  watek. The 
r e s u l t s  are g iven  i n  Table X I I .  F a i l u r e  i n  each  case  was due t o  
p i t t i n g .  These r e s u l t s  show that the e l e c t r o p l a t e s  a r e  t o o  porous 
t o  o f f e r  e f f e c t i v e  co r ros ion  p r o t e c t i o n ,  

The remaining samples were heated i n  s i l i c o n e  o i l  a t  310°C for 
per iods  of 2 1/2 t o  5 houaas. I n  each case  the coa t  could be eitheia 
peeled o r  chipped o f f  with a kn i f e ,  exposing a b l a c k  s u r f a c e  next  t o  
t h e  uranium. T h i s  dark  material is bel feved  t o  be the same 
i n t e r m e t a l l i c  U-Zn-Cu phase which i s  a p p a r e n t l y  r e spons ib l e  - f o r  

, t h e  s e p a r a t i o n  of the Cu-Zn c o a t s ,  Some p e n e t r a t i o n  of s i l i c o n e  
o i l  through t h e  e l e c t r o p l a t e s  wa 

Cu-Cr composite c o a t s  

p p l i c a t f o n s  of Elec t rochemis t ry ,  - - 
V o l .  11, John Wiley and Sons, New York, Second E d i t 1  on, 1944 , Po 127. 
J. G .  Beach and C. L,  Faust ,  E l e c t r o p l a t i n g  on Beryll ium, U. S.  Atomic 
Energy Commission R @ p o s t _ N o a I - - 7 3 2  . - A t m i l  1, 1952 
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e m t a c t  wi th  fmpurfties on the  swface of" the bathe Most of t h e  
preceding steps may be elimfnated by dipp%ng the uranium in a. 4 0 0 " ~  
fused bath of K C 1 - L i C l  e u t e ~ t f c  t o  which 20 weight p e r  cent 
of Z n C l 2  has been added. When %he sample fs first  dipped frits this 
bath  a s o l i d  coat ~ Q ~ e n ~ a ~ i ~ y  freezes  on its surface. Once the 
metal attains t he  ~ U S ~ Q T I  temperature  o f  the salt  m u t u r e ,  oxide i s  
rplpfdly removed from the u~aniurn surface. However, the supface obtained 
i s  relatively Tough i f  the initial uranium aurface is  badly  
oxidized or If the metal xaemafns in $he bath for more %khan %9ve 
$0 t e n  seconda af te r  $$ has attained the temperature  of the bath, 
The optimum $fane w f h l  depend on the  amount of oxide t o  be senoved and 
the  sfze of the  sample, The m e t a l  is then dipped i n  a molten 
magnesium ba th  of t h e  d e s f r e d  csmpositisn and %emperatwe f d r  a s p e c i f i c  
pe r iod  0% t i m e ,  removed, quenched $.ern of8, and then cleaned 
with dilute n i t r i c  acid, The samples thus prepasad are 
used f o r  further t e s t i n g .  

r 

.. 

No f u r t h e r  work has been done wf%h a magnesium baath s a t u r a t e d  
with ~Irconium, The solubility of z%reow$um in magnesium is smaln 
a t  temperatures  below 95O"C, and the ra te  o f  d i f f u s i o n  of %he 
zir~esnfum i n t o  the  yranfum s u r f a c e  %s slow, ExperLmental d i f f i c u l t i e s  

2 '  make opera t ion  of this both at 8t991, higher tq~el~atkarea 
' SrnpraeticaB, Other metals wkn$~kn were considered are Nb, Mo, C Y ,  ?do 

and Fee The so lub%Li t ies  of m, Mo, and Fe in magwes9um a% 
temperatupes up to 850°C ape negligible OF very Bow and it is 
doubt fu l  that  the product ion sf alloy coats of these metals on 
ux~sbnium by t h i s  method 1s plkacrbfsaP, Ch~omfurn and tungs t en  d~ no$; 
form int,emne$a,llic phases with u r a ~ i u m  and only  v a ~ y  d i l u t e  sol9.d 
solutions and consequen$ly any ahBaiy formed by diffusion i s  I l m f t e d  
to these very d i l u t e  soab%d solu~%ons, Furthermare, t h e s e  two 
metals a l so  show 19tt18 or no s o l u b f l f t y  In magnesium at  
temperatures  of €350"~ car below. 

Work dur$aag the  quartep. has been C3oaacem?ned pr2ncipaPPy w i t h  
. mgneafurn baths s a t u r a t e d  with e i ther  m9ckeB ~ a p  aflicmn, and some 

prelfmLnary w o ~ k  has been d ~ n e  w % t h  magnesiu~-eQppe~-nfcke% and 
magnesium-copper ba ths ,  

The growth of $he diffUa%On band fQ%.aahed C3Kl Uk&bnfUm 8 DlganGsfulla 
bath satramted with nfake l  has been measured. The r e s u l t s  obtained 
a t  715 1 5 ° C  are given fw Table XIII, These d a t a  show that the  
diffusion band Peaches a ~~x~~~~ t h i c k n e s s  of about O,h3 m i l  a f t e r  
one t o  t w ~  hours, %he reason for this $8 ungertafn but  i s  p o s s i b l y  
due t o  s w l f n g  of themat once i t s  thfdmess has reached some 
c&.i t ica1 value,  Mfcroscopie exam%na$ion shows an increased  tendency 

is a l s o  reflected i n  the  corro fven i n  Table XIV, These 
samples were cleaned faa d f l u t e  d pk%Ok tQ @OToTP(P8$OPa 
t e s t i n g  in ordep t o  remove the adherent magnesium-nickel bath and expose 
the nickel-umnfum diffusion coat ,  The h%gheHa corrosion rates f o r  
the samples dipped  $OF 2890 minutes is be l i eved  t o  be due t o  %he presence 

tQWe3lrd CkaQk fQ%DEBt%on %t2 the thf@ usion @oats, T h i s  e f f e c t  

,--  
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Ccalrorosfon t e s t a  have a l s o  been made cpn two U - N i  a l l o y s  of neap 
eutectfecomposi t fon which were prepared by arc melt ing,  These 
samples fcnmed et. shiny black adherent coat  and showed a ga in  in 
weight a f t e r  BO00 hours in b o i l i n g  d % a % f l l e d  water. The r e s u l t s  

z inc  alloys are given faa Table W .  The Batter samples m e  two-phase 
al*loys c o n s i s t i n g  of %2 uraniuaas ccennpoeand f n  a matrix O f  essentially 
pure zinc. 

on these twQ alloys With the r e s u l t %  obtained two uranf~m-  

The nickel diffusion coats are r e a d f l y  wet by molten zinc.  

cleaned with dilute n i t x - 4 ~  acid and then. dipped in a z%nc bath 
a t  500°C fosk two rn%nutes, centsifuged and quenched, T h i s  sample 
when corrosion tested Ln boilling w a t e ~  showed a, weight gain a f t e r  
200 hours, p f t s  became evident  after 275 hours, and a t  the end o f  
300 hours showed an average weight 108s of 0.011 mg/cm2/nT1.. The 
sample was then sectioned and examined under the  mfcsoscope, Much 

A sample which had been dipped $n a Mg-Mi bath f o p  240 minutes was 

Of the  CQElpQSfte Coat W%8 s t f l l  %Kl%aCt  a f t W  the CQ7?3?0i33-0n t e s t .  

Table XV 
Corrss%on Resfstance of Some U~anfum Alloys to BoSPing Water 

I 

C o r m s  on Rate h Alloy Composition Time fn Bogilfng Water . 
Weight P e r  Cent WogPaXQs mg/cm /hr. 

l1,3 Mi, 88.7 u a326 +4.6 10-5 

11.5 Mi, 88.5 U -  1006 +leg 10-4 

4 84.8 Zn, 15.2 U -2,2 x 10- 

- 87.9 zn0 12.1  u + L O 5  10-3 

- 

:. 

b a t h  a l s o  appear t o  
have an upper l i m i t  to the  thiekne e d i f f u s i o n  coat  which can 
be formed by t h i s  method, A s  i n  the wtse of n i c k e l ,  t h i s  i s  be l ieved  
t o  be due t o  c racking  and aaaling of the m a t  as i t  grows beyond 
some Simit ing t h k o h e s e .  The d i f f u s i o n  l a y e r  formed i n  this case 
a l s o  appears  t o  be made up 'W two bands, presumably eps i lon  and 

- - 
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5.6 Behavior 0% ~mn.i .um and Coated Uranium in Molten. 
____p 

It has been obsevved that uranium i n  eontac t  with AI-SI. 
e u t e c t i c  a t  6 4 0 " ~  i s  r a p i d l y  a t tacked  with t he  formateon 0% 
a l t e r n a t e  l a y e r s  of e u t e c t i c  and some i n t e r m e t a l l i c  phase o r  
phases,  The formation 0% t ~ . s  s t r u c t w e  a t  t he  ( A ~ - s ~ ) \ u  
i n t e r f a c e  1,s belfeved t o  be due t o  the  r a p i d  growth and subsequent 
cracking scaling of  t he  diffusion band on the  aa~anfum 
B U l a f a c e  and pene t r a t ion  of the cra@k.s by the  AI-SI. e u t e c t i c ,  
The r e a c t i o n  i s  s t i l l  qufke r ap id  a t  600°C and b o t h  the  time and 
temperature o f  d ipping  must be casefully con t ro l l ed  in order  t o  
ob ta in  uniform wet$%ng and bonding without  t h e  f o m a t r o n  of l a r g e  
amounts o f  y e a c t i o n  psoduc t s ,  

A numbep of Gleaned umnium samples were dipped f n  Al-Si 
e u t e c t i c  a t  600*5"C f o r  pe r fods  of time aaaabgfng f rom five minutes 
t o  s f x  seconds,  A dfppfng k9me of  one minute OF more r e s u l t e d  i n  

reactfon band, A d i p p i n g  time o f  sfx 'bo 10 seconds gave a. nax"row 
reacti ton bawd 0% 1,O mil OF l e s s  i n  t h f e b e s s ,  Measurement of t he  
thfekness  of the  d i f f u s i o n  bawd formed on s e v e r a l  samples shows t h a t  
f o r  per iods o f  up t o  one minube t h e  genetratkcn cons6,an.t f o r  AI-Sf 
etateckic d%ff s ing  i n t o  uranium at Qso"c %s of t h e  o r d e r  o f  

d i f f i c u l t  3i.nce the d%$fusfon band forme nds t o  s c a l e  ox" 
eraek once it has yeached a th ickness  0% one or two  mila, 

' t h e  formatfon o f  a heavy, badly cracked, dif%us%on l a y e r  OF 

G 0 Q  x 10-7 cm B /see, An aecura%e de~erlaaf On Of t h i s  CQnS'bant fS 

The possibility $hat small  additions of  n i c k e l  OF ch~om-Lum 
t o  the  Al-Si ba th  might reduce %he rate of ~ e a ~ ~ $ S o w  between the 
b a t h  and urawl.uam waw fnvestfgated, W bath having a nom%na,l 
@ompos%tfon of five weigh.& per cent n i c k e l  was prepa~ed by adding 
n"lbkeb shot  t o  t he  ba th ,  ~ f t e ~  approximateby f i v e  hours at 600°C 
a sample of the bath  w a s  quenahed anid analyzed fop  ra&.ckeh, The 
bath. was found to c!ontafn only  a ,5  weight per  cent n i c k e l ,  This 
Al-S%-M% bath., kh~awe~e~, s h ~ b ~ s  ~ T ~ K U I U ~ C ~ ~  LITI~POV%FIE~$ in i t s  
peac t fv i ty  toward usanfum O V ~ T  an ~ 1 4 %  ba'bh w L t h  no n%@kel ,  
Attempts t o  d i s s o l v e  ~2hrsana9uxn i n  t h e  bath w e ~ e  s%t%ll l e s a  suocess- 
f u l ,  The amoun$ d f s a o l v e d  a& 680°C was round t o  be less than one 
weight pea a e n t ,  

a Mg-Nf babh, i s  r e a d i l y  wet by the A % - S f g  alloy @ o a t s  0 , 2  t o  
0.3 m % l  t h i c k  w i l l  wfthstand the ac$$orn ~f the ba th  a t  600°C 
up t o  two minutes w f t k n ~ ~ t  ~ ~ ~ a a p P e $ e  disaolutfon, The U-Mi diffusion 
coat i s  b ~ f t t l e ,  howeveTa, and may be undesirable from this,  
s%aaadpo%nt 0 

U~anium wi th  a safckel a l l o y  S U F ~ ~ G B ,  prepared by dipping 1% in 

Uran3.um9 dLffusion coated wi th  s%l%eoin by dipping in a Mg ba th  
saturated wi th  s i l i c o n ,  $13 not  ~ g a d % $ y  wet by t h e  81-S% bath ,  
This is probably due t o  ~ ~ % f d g  f o ~ r n e d  on t h e  svu~face of t h e  a l l o y  
coa t  %n t h e  p ~ o c e s s  of  removing the  ou$e~ layer of Mg-Si wf%h d i l u t e  
n % t ~ % c  ac id ,  HoweveF, once wetted, these coats  show little o 1 ~  
no resistance t o  penetpa$$on -e A1-Sf ba th ,  

- -  - & _  . 
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The pPOductiOn 0f a q u a n t i t y  o f  5 and 10 p r c 
f o r  s p e c i a l  I n - p i l e  r a d i a t i o n  tes t s  a t  Manford was 
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n t  Z r - U  a l l o y s  
completed 

dur lng  this per iod ,  The a l l o y s  were melted in a gpaphfte crucible 
and poured i n t o  a graphi te  m0ld forming 3/4-inch diameter  r o d s  4 
t o  8 inches in lengkh, 
which were then heat t r ea t ed ,  The heat t rea tment  cons i s t ed  of 
quenching a l l  of the a l l o y s  f rom t h e  gamma reg ion  by hea t fng  them 
a t  8 5 0 " ~  fop  2 hours and water quenching, 
each a l l o y  was t ransfsrmed f rom the quenched s t a t e  by a lpha  anneal-  
%ng (750°C for 2 Inrs., 600°C f o r  2 h m , ,  500°C f o r  20 hrso and 
furnace coa$ed ., 

These were s l i c e d  i n t o  l/kl-inch long s e c t i o n s  

~ a l f  the q u a n t i t y  of 

A s tudy  of age hardening wi th  r e s p e c t  t o  corxwsion and e l e c t r o d e  
p o t e n t i a l  measu~ements was begun dur ing  this p e r i o d ,  Twelve 
U-Zr ,  V-Nb and U-Zr-Mb a l l o y s  are bebg used i n  the  s tudy ,  These 
a l l o y s  inelude t he  eleven. a l l o y s  mentioned in t h e  included corrosion 
t a b l e  p lus  the U - l  pep cent N b  a l l o y ; -  Pour series of  the a l l o y s  
have, %o date, been prepased from arc-melted but tons ,  gamma quenched 
from 900°C and g iven  $he fo l lowing  ageing t reatmentsx 

SeEpfes - annealed et 100°C %OF 477 haps. 
Series 2 - annealed a t  280°C f o p  Bcgg hrs, 
SerLes 3 - annealed a t  goo"@ %0r 44.9 hs. 
Series  4 - annealed a t  400°C foaa 33% hrs, i In SepiesU I, 2 and 3 a mieroscopie ewaminafion did not  r e v e a l  

t h a t  a second phase p m ~ % p % t a t % o a  had taken p l a a e ,  
however, a distinct change fn t h e  e t c h i n g  c h a r a c t e r  of t h e  a l l o y s  
was no ted ,  The stzu@tukpe revealed in thbes seyies, even though a heavy 
film was formed by the e teh ing ,  seemed t o  2ndicate the presence of  
a lamellar- type px~ecip i$a t fon ,  

In Series  4, 

Age-hardenLng s tudy  and COrPOSiQn $eStfng Of" these a l l o y s  
will be continued with the emphases ow detectLon of csra~osfon I 
r e s i s t a n c e  change by the e l e c t r o d e  p o t e n t i a l  method, 

Sfnce khese a l l o y s  i n  the gamma-quenched c o n d i t i o n  exhibft 
bet ter  co r ros ion  resistance than i n m e  annealed s t a t e ,  e l e c t r o d e  
p o t e n t i a l  $nvkstigat%ons were undertaken, 
s t u d i e s  rnlght be h e l p f u l  fan undemtandlng th&s phenomenon. Correla- 
t i o n  of  e l e c t r o d e  p o t e n t i a l s  and corrosion pates in high temperature  
watep might a l s o  prove use fu l  a s  a means of e v a l u a t i n g  t h e  corros%on 
r e s i s t a n c e  0% an a l l o y ,  

Initial p o t e n t i a l  measurements wepe made in 2M M a C l  s tagnant  
s o l u t i o n  us ing  a s a t u r a t e d  calomel electzode as the r e f e r e n c e  
e l e c t r o d e ,  In o r d e r  t o  pkevent pola~%zatfon from occur r ing  dur ing  
measurements, a high impedance dc amplifying ~ f r c u i t  was used, 
t h u s .  a l lowing  contfnuous recmrdinag of time vs p o t e n t i a l ,  

It was hoped t h e s e  

1 -  
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U P ~ C L U B I - P ~ C ~  alloys of U . T P ~ ~ % U ~  with vanadium, molybdenum, and 
titanium were prepared and annealed at a temperatwe j u s t  below the 

Knitric ac id  and 6ested t o  determine whe&her a pyaaophoric. f i l m  was 
formed, Pn ~z0  case was B p y ~ ~ p h o r i c  f i l m  observed In t h e s e  a l l o y s .  

lowest transformatisn tempeTa%ureo These a l l o y s  were p i c k l e d  in 

6,2 Sodium Tungsten Bronze ( 4 )  

Additional anomalous behavior of sodium tungsten bronze, 
Naxld03d near the c o n c e n t ~ a t . l ~ n  x 3 0.75 has been f o ~ n d l ,  Meas~re- 
ments of the linear coef f ic ien t  of expansion when p l o t t e d  
against sodfasm ~oneen%ration exhibi t  a maximum neas x = 0,75 .  
The linear eoef f Ic%ents  of expansion were obtained from measusements 
0% the l a t t i c e  parameter using x-ray diffraction fxn the temperatwe 
range, 25@'-5QCI@Co 

Calaula t fons  0% .$he elec%TPos%a&%e energy fs?? vslPfous slkdereca 
eonf%gura t fons  have been made f o r  sodium $ung%ten bronze near 

energy difference between r 0m sodium distr$bu$%on and an 

the  l a t t i c e  para mate^, These c a l ~ u l a k i o w s  have not  a8 y e t  been 

x = o,750 These aalcula%%o fnd$cate $ha.& theke $a a s$gn%%icant 

ordered sodium distTPibutisn whfoh retaiana eubic symmetry and doubles 

made %OF o the r  eoncentration ranges e 

An experhmnt 9s  in progress  which may e l a r $ f y  the geaes-biola of' 
o rde r ing  i n  %he ssd%um distribution, An ele~trschemical c e l l  
has been asaembled i n  whfc sodium tu~gsten bronze serves as an 
electrode,  The E,M,F, 0% the  cell is 'me asked as  a function of 

being done f o r  several sodium %wagsten bronze samp$es of di f fe ren t  

w i l l  be p l o t t e d  agafnst sodium eonaent~a$%on,  An ordered sodium 
d i s t ~ f b u t i o n  should have a pronouanced e f f e c t  on such a plot, 

tempera%use $0 determfne! an en t ropy  vaabu for %he c e l l ,  ?"his $s 

sodium eon@en$Patisn, When the experiment is complete, en t ropy  

'? 
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fOlaQwfng E a € ? B U l t 8 :  

Longi tudfnal  ve3.0cfty 

Transveme v e l o c i t y  

VL = (2.958 2 0.006) x lo5 cm/sec 

VS = (1.72eb 2 0,009)  x lo5 @rn/sec, 
e 

. I  

- Using t h e s e  v e l o c i t i e s  and a d e n s i t y  of 8,562 g / c d ,  the fo l lowing  
va lues  were c a l c u l a t e d  f o r  d y s p ~ ~ s % u m :  

YQung'S m Q d U l U 8  Y = 6.32 x l o a a  dyne/ma2 

Sheas modulus 

Po i s son ' s  r a t i o  

= 2.54 x 10" dyne/cm2 

= 0.243 

Compress ibf l i ty  
1 

Since dysp~osium i s  ferromagnet ic  a$ very low tempe~atuses, t h e  
c a l c u l a t e d  c h a r a c t e r i s t i c  faaeguency and Debye temperature will 
probably have no meaning below %he Cugaie p o i n t .  Measurement 
a t  - 7 l @ C  showed wi th in  $he limits of  experimental  error that  
t h e  l o n g i t u d i n a l  sound v e l o c i t y  in dysprosium was,the same as 
a& Toom tempesa%urs 0 

6 , 5  The c ~ O - C ~ F ~  system (1) 

Study of CaF2-CaO system is cont inuing  i n  hopes of more c l o s e l y  
loeating the e u t e c t i c  and of detemxtnfng $he extents ~f s o l i d  

and x-ray methods were used f o r  th%s w0kk, and cool ing  curves wepe 
made wheneveaa i t  was nieeessasy t o  ob ta in  a new sample, The ra te  
of cool ing  was decreased a n d , s f z e  o f m p l e s  inepeased B Q  t ha t  
more s a t i s f a c t o r y  thermal breaks were ob ta ined ,  Samples f o r  
mfcrosaopic examination were pol i shed  us ing  abso lu te  a P ~ o h o l  wi th  
the g r ind ing  powder on the pollishfng c l~ tke .  A smooth 8u~faee was 
obtained and samples were not a t t a c k e d  by the a l c o h o l  as t h e y  had 
been by watep. Pfc tures  were t aken  on the meta l logmph a t  100 
and 200 n a g n i f i c a t i o n s  of  many of  $he polished samplesb, Howeverg 
mfcroscopfc evidence i s  as yet  i n d e f i n i t e ,  Powder p a t t e r n  x-ray 
p i c t u r e s  were made o samples a t  3.0 p e r  cent  i n t e r v a l s  from 0 t o  
50 pe r  cent  @aO, No lin s appdared that'indicated presence of any 
phase except  ea0 and CaF ,, Back r e f l e c t i o n  pictures were made 
us ing  a 60 em ft camera,, 
cent and PO p e r  cent CaO. No evidence of s o l u b i l i t y  was ob ta ined ,  

Sol tab%l%tfes  %f any sf @a0 and @aF2 one atlo%her. MIekoS@opf@ 

aa samples con%a%n$ng 0 pe r  cent,, 4 p e r  

i -  .............. 
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APPENDIX I: LIST O F  REPORTS FROM THE AMES LABORATORY 

ISC-244 

ISC-339 

ISC-354 

ISC-377 

ISC-389 

ISC-393 

ISC-394 

ISC-395 

. ISC-396 

ISC-401 

ISC-407 

ISC-408 

ISC-409 

ISC-411 

ISC-412 

1, Reports f o r  Cooperating Labora tor ies  - 
Prepara t ion  of Vanadium Metal, by J. R ,  Long and H. A .  
Wilhelm.  UNCLASSIFIED. 

Metallurgy. Q u a r t e r l y  Summary Research Report. January- 
March, 1953, by t h e  A m e s  Laboratory S t a f f ,  SECRET. 

Conductances and Transference Numbers of Some Rare Ear th  
Pe rch lo ra t e s ,  N i t r a t e s  and S u l f a t e s  i n  Aqueous Solu t ion ,  
by S .  J a f f e  and F. H .  Spedding. UNCLASSIFIED. 

Magnesium-Uranium Alloy System, by G. Tracy and H. A. Wilhelm. 
SECRET. 

Hanford S lug  Program. 
April-June, 1953, by P .  C h i o t t i  and 0. N ,  Carlson. SECRET. 

c 

Quar te r ly  Summary Research Report. 

Engineer ing.  Q u a r t e r l y  Summary Research Report. Apr i l -  
June, 1953, by t h e  A m e s  Laboratory S t a f f .  SECRET, 

Chemistry. Q u a r t e r l y  Summary Research Report. Apr i l -  
June., 1953, by t h e  A m e s  Laboratory S t a f f .  SECRET. 

Physics  Q u a r t e r l y  Summary Research Report . April-June, 
1953, by t h e  A m e s  Laboratory S t a f f ,  U’NCLASSIFIED. 

Metallurgy. Q u a r t e r l y  Summary Research Report. Apr i l -  
June, 1953, by t h e  A m e s  Laboratory S t a f f ,  SECRET. 

The Niobium-Vanadium Alloy System, by J. M ,  Dickinson, 
0. N o  Carlson and H. A ,  Wilhelm, UNCLASSIFIED, 

A Process  f o r  Sepa ra t ing  Thorium Compounds from Monazite 
Sands, by KO G, Shaw, M ,  Smutz and G. L o  Br idger .  SECRET, - 
Thorium-Titanium Alloy System, by H. A .  Wilhelm, 0. N o  - 
Carlson and H.  E .  Lunt. DECLASSIFIED. > -  

A Simple Line-Operated Constant Current  Supply, by D. E.  
Winkel and H. J. Svec. UNCLASSIFIED. a .  

Direc t  T i t r i m e t r i c  Determination of S u l f a t e ,  by J. S. 
F r i t z  and M. Q. Freeland.  UNCLASSIFIED. 

- 
0 

\ 

Adaptation of a Geiger-Counter X-Ray Dif f rac tometer  f o r  
High Temperature I n v e s t i g a t i o n s ,  by P .  C h i o t t i .  UNCLASSI- 
FIED. 

9 / 
2% - A. -25- 

z 
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ISC-415 

ISC-416 

ISC-418 

msc-419 

ISC-420 

ISC-425 

ISC-426 
I 

ISC-427 
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P u r i f i c a t i o n  of Thorium by Solvent  Ex t rac t ion ,  by M, Eo 
Whatley, M, Smutz and G o  Lo Br idge r ,  SECRET, 

Sepa ra t ion  of Hafnium from Zirconium by Liquid-Liquid 
Ex t rac t ion ,  by 13, C ,  Pe te rson  and G o  H, Beyer, 
CONFIDENTIAL, 

A Theore t i ca l  Study of t h e  E l e c t r i c a l  S t r u c t u r e  of Water, 
by F,  0, E l l i s o n  arid H, Shu.11. UNCLASSIFIED, 

P a r t i c l e  D i s t r i b u t i o n s  from a Thin Source i n  Contact w i t h  
a Col l imator ,  by G ,  H, Miller ,  UNCLASSIFIED, 

Engineer ing.  QuaTterly Summary Research Report ,  Ju ly -  
September, 1953, by t h e  A m e s  Laboratory S t a f f ,  SECRET, 

Sepa ra t ion  of Ra 228 i n  Thorium Metal Product ion,  by D. To 
Peterson ,  R. W .  Moore and M, Al l i son ,  SECRET. 

Hanford S lug  Program. Quar te r ly  Summary Research Report ,  
July-September, 1953, by P o  C h i o t t i  and 0,  N o  Car lson ,  
SECRET e 

i 

Analys is  of  Uranium-Zinc A l l o y s ,  by J. S o  Fritz, M o  0 .  
FuPda, S o  E, Margerum and E ,  I ,  Lane. -UNCLASSIFIED. 

1 J  

2 Papers Publ ished i n  S c i e n t i f i c  J o u r n a l s  

Brehm, R.  K ,  and V.  A ,  F a s s e l  
A Mew Approach $0  D i r e c t  Reading Spectrochemical  AnaPysls, 
J, Opt, So@, -9 43 886-889 (1953). ' 

Carlson, J, F,  and T ,  J, Hendrickson 
V a r i a t i o n a l  Methods f o r  Problems i n  Res is tance .  J, Appo 
Phys, 2_49 14-62-1465 (1953) 

P repa ra t ion  of Yttr ium and Some Heavy Rare Ea r th  Metals. 
J ,  Electrochem, Soc , - 100, 442-444 (1953) 

Duke, F, R ,  and C o  E ,  Borchers  
The K i n e t i c s  of t h e  Cerium(1V)-Chloride React ion,  The 
CeriumgEV) Thal lous  React ion i n  t h e  Pre-sence of Chlor ide ,  
J, A m ,  Chem. SOC, _. 75, 53.86-5188 (1953)0.. 

F r i t z ,  J, S,  and Jo J, Ford 
T i t r i m e t r i c  Determinat ion of Thorium, Anal, Chem. 7 25, 
1640-1642 (1953) , 

Daane, A ,  W, and F, H ,  Spedding 
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44 

F r i t z ,  J, So and M. 0, Fulda 
T i t r a t i o n  of  Weak Bases  i n  Acetic Anhydride 'Solvent  
Mixtures.  Anal.  Chem. - 25, 1837-1839 (1953) * 

The Thermodynamic Funct ions  of Potassium Vapor, J, Chem, * - 
r* 

Gri f f e l ,  M.  

.- Phys. 21, 1908 (1953). c 

Griffel ,  M.  and R.  E ,  Skochdopole 
The Heat Capaci ty  and Entropy of Thorium from 18" t o  300"K4 
J. Am. Chem. SOC. _. 75, 5250-5251 (1953)0 

Hansen, R.  S .  and W .  V .  Fackler ,  Jr, 
A Genera l iza t ion  of t h e  Polanyi  Theor of Adsorption 
from S o l u t i o n ,  

Hoffman, M, M e  and A .  G .  W. Cameron 
Angular and Energy D i s t r i b u t i o n  of Photoprotons from 
Aluminum and Tantalum, 

J. Phys. Chem. - 57, 63 -637 (1953). 

Phys, Rev. 2, 1184-1191 (1953) 

S t i r p e ,  D. 
E l ec t rodepos i t i on  of Metals  on Sodium Tun s t e n  Bronze 
C r y s t a l s ,  Rev, S c i ,  I n s t ,  2, 1071 (1953 7 0 

I 

Svec, H, J, and D, S ,  Gibbs 
The React ion between Calcium Metal and Water Vapor. 
J ,  A m ,  Chem, SOC, y_ 75# 6052-6053 (195310 

I, 

APPENDIX 16: LIST OF SHIPMENTS 

Item D e s t i n a t i o n  - 
Argonne Cancer Research Hosp i t a l  
Chicago, I l l i n o i s  

Argonne Nat iona l  Laboratory 
Lemont, I l l i n o i s  

American E l e c t r o  Metal Corporat ion 
Yonkers, N e w  York 

Army Medical Research Laboratory 
F o r t  Knox, Kentucky 

B a r t o l  Research Foundation 
F rank l in  I n s t i t u t e  
Swarthmore, Pennsylvania  

10 g 99% y t t r ium oxide 

2 l b s  thorium c h l o r i d e  

50 g samarium oxide 
50 g gadolinium oxide 
50 g y t te rb ium oxide 

(on loan )  

3 1/2 g thul ium metal - 
7 c y l ,  s l u g s  

250 g 9876 praseodymium 
oxide (on loan )  

1 g b e s t  q u a l i t y  praseo-  
dymium oxide 

.. ... . . . .. .. . . ... , ... .. 



Des t ina t ion  

Brookhaven Na t iona l  Laboratory 
Upton, Long I s l a n d ,  N e w  York 

Item - 
2 g thul ium oxide 
2 g holmium oxide 
2 g 1 tetium oxide (99.9$) 

ron l o a n )  
C a l i f o r n i a  I n s t i t u t e  of Techno,ogy 0,l g thul ium 
Pasadena, C a l i f o r n i a  l g lanthanum oxide 

1 g cerium oxide 
l g praseodymium oxide 
1 g neodymium oxide 
l g samarium oxide 
1 g y t t r i u m  oxide  
1. g y t te rb ium oxide 
1 g erbium oxide  
0 ,1  g dysprosium oxide 
0 , l  g holmium oxide 
0 , l  g l u t e t i u m  oxide 

Carbide and Carbon Chemical Company 2 l / 2  I b s  thorium from 
Oak Ridge, Tennessee B i l l e t  A-521 

Carbide and Carbon Chemical Company 10 g thul ium oxide 
Oak Ridge ,  Tennessee 

Carnegie I n s t i t u t e  of  Washington O,5 g dysprosium oxide 
Department of  T e r r e s t r i a l  
Washington, De C ,  

Dow Chemical Company 
Midland, Michigan 

Duke Un ive r s i ty  
Durham, North Caro l ina  

F r i c k  Chemical Laboratory 
P r ince ton  Un ive r s i ty  
Pr ince ton ,  New J e r s e y  

Marvard Un ive r s i ty  
Cambridge, Massachuset ts  

C ,  A ,  Hutchison.,  
Chicago, I l l i n o i s  

Magnetism O,5  g holmium oxide 
0.5 g erbium oxide 
O , 5  g thul ium oxide 

(on l o a n )  

20 g pure neodymium oxide 
20 g pure  lanthanum oxide 
20 g pure praseodymium 

oxide 
10 l b s  anhydrous thorium 

c h l o r i d e  

1 sample y t t r ium metal 
(on l o a n )  

10 g neodymium oxide 
(on l o a n )  

I 

3 g y t t r i u m  metal 
(on loan )  

5 g praseodymium oxide 
5 g neodymium oxide 

................. . . . . . . . . . . . .  . . . . . . . . . . .  ... . . . . . . . . . . . .  ........................ , :  . . . . . . . . . . . .  



Mi 

I De st inat i on  

I n s t i t u t e  f o p  Nuclear Studies 
Univers i ty  of Chicago 
Chicago, l g l l fno i s  

Iowa S t a t e  College 
A m e s J B  Iowa 
(Engineer ing Experiment S t a t i o n )  

k d o u  and Company 
Teaneck, New J e r sey  

. . . .  , .  .. 
. # .  . . . .  

. .  

mssa@huset$a I n s t i t u t e  0% Technology 
Cambrtdge, Massachusetts 

Sta%e Unive r s i ty  QF Iowa 
Iowa City,  Iowa 

University of C a l i f o r n i a  Radiat iQn 
Laboratory 

UniverE33ity of? GabifoPnia Radiation 

. Berkeley, C a l i f o r n i a  

bora t O%.y 
Livermore, G a l i f o r n i a  

Item - 
P g l u t e t ium metal 

go, loan) 

2 5 ~  g lanttmnum meta l  ( 9 9 )  

258 g neodymium metal [99$$ 

100 mg lanthanum oxide 
mg cerium oxide 

100 mg praseodymium oxide 
100 mg neodgmhum oxide 

100 mg gadolinium oxide 
100 mg y t t ~ i u m  oxide 
PO0 m g  e-RPbfumi oxide 

100 mg dysgsosium oxide 
100 m g  ytterbium oxide 
BOO m g  $ute$;bum oxide 

250 g ~ e r i ~ m  m e t a l  (9s) 

108 wg samarium oxide 

Id0 mg h o ~ m ~ u r n  oxide 

$00 mg thuPium oxide 

200 mg ytterbium oxfde 

2 g yttsiuw oxide 
150 mg erbium oxide 

10 g erbium oxide (%I$) 

40 mg holmium oxide 

08 mg dysp~os%um oxide 

go, loan)  - 
1 g yt te rb ium oxide *L' 

.-\ * 
PO g dyapnaosfum oxide 

(95-98KI b n  f o a d  

3 Q gadolinium metal (98$) 
(ora l oan )  
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