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URANIUM-GOLD 

GOLD, w/o 

GOLD, a/o 

The Constitutional Diavram 

The uranium-gold sys tem h a s  been studied by Buzzard( ' ) .  The d iagram shown was  con- 
s t ruc ted  f r o m  data  obtained by thermal ,  microscopic, and X - r a y  analyses .  

The uranium-r ich  eutect ic  i s  repor ted  to occur a t  I105 C and 10. 5 a / o  gold. The gold- 
r ich  eutect ic  i s  repor ted  to occur  a t  87. 5 a / o  gold and 852 C. ( l )  

Two compounds were  identified by Buzzard,  although the s t r u c t u r e s  have not been 
determined.  The compounds appear  to be del ta  (U2Au3) and epsilon (UAu3). ( l )  

The solubility of uranium i n  gold a p p e a r s  to be between 0. 2 and 0. 3 a / o  a t  852 C ,  while 
the solubility of gold i n  uranium i s  approximately 6 a / o  a t  1105 C. ( l )  

Additions of gold lower the t ransformation t e m p e r a t u r e s  of uranium to 738 and 647 C ,  
as shown i n  the d iagram(  l ) .  

Data  f r o m  the United Kingdom do not a g r e e  well with this diagram. The National 
Phys ica l  Laboratory repor t s  that a s  many a s  s i x  compounds may be p r e s e n t  i n  the sys tem.  (') 
The completeness  of the diagram by Buzzard and the apparent  agreement  of data obtained by 
X-ray  diffraction, thermal  ana lys i s ,  and metal lographic  examination lend s t rong support to 
the d iagram shown. 

Crystal lography 

No information i s  available on the c rys ta l  s t ruc ture  of the compounds in the uranium- 
gold system. 

29 



References  

(1) Buzzard ,  R. W. , and P a r k ,  J. J. , "The Gold-Uranium System",  J. Natl. Bur. Standards,  
53,  291 (1954). 

National Phys ica l  Labora tory ,  "Note on Some Alloys of Gold and Uranium", AERE X / M  100 
(1952). 

, 
- 

(2) 

URANIUM-HOLMIUM 

Uranium and holmium exhibit an immiscibi l i ty  gap in  the liquid s ta te .  Solubility of 
holmium i n  liquid uranium i s  repor ted  to i n c r e a s e  f r o m  0. 025 w / o  a t  1150 C to 0. 075  w / o  
a t  1250 C . ( ' )  

Crystal lography 

Nothing is known concerning the possibility of compounds i n  this sys tem.  
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The Constitutional Diagram 

The uranium-hydrogen s y s t e m  has  received considerable  study. Diagrams i l lustrat ing 
the solubility of hydrogen in  uran ium at  1-atm p r e s s u r e  and a t  high p r e s s u r e  have been de ter -  
mined  and a r e  shown. (1)  Work done s ince the d iagrams were  developed has  shown that  the 
d i a g r a m s  a r e  useful; the data a r e  reproducible  by the or ig ina l  techniques.  

The data  were  determined by an absorpt ion technique. In this  p r o c e s s  a sample  of 
u ran ium rod ,  d r y  abraded  under argon,  is introduced into a gasometr ic  apparatus  which is  
evacuated and then filled with a m e a s u r e d  amount of hydrogen. 
sorbed  is calculated f r o m  p r e s s u r e  changes in  a known volume. 
i s  f0. 2 ppm f o r  a 25-g sample( ' ) .  

The amount of hydrogen a b -  
The precis ion of the method 

Mattraw(2)  repor t s  a solubility of 3 . 0  ppm at  295 C and 100-p p r e s s u r e .  These  data  
d i s a g r e e  with those of Mal le t t ( l )  by a factor  of 250. However, i t  is probable that  Mattraw had 
not observed  t r u e  in te rs t i t i a l  solution of hydrogen, but ra ther  chemisorpt ion on the sur face  of 
h i s  finely divided sample .  
lous high hydrogen pickup. ( l )  

Samples  of s m a l l  sur face- to-mass  rat io  do not show the anoma-  

Many people have contributed to the p r e s e n t  knowledge of UH3, the only hydride in  this 
s y s t e m .  
(cal led "alpha" UH3 by Mulford), the m o r e  recent ly  discovered f o r m ,  h a s  been produced by 
react ing uranium powder with hydrogen gas a t  25 to minus 80 C(3) ,  by react ing mass ive  u r a -  
nium with hydrogen gas  a t  minus 40 C,  and by e lec t ro lys i s  of a solution of HC104 o r  Na2C03,  
where  uran ium is used  a s  the cathode(4). 
yield of del ta  i n c r e a s e s  a s  the tempera ture  of formation is decreased .  (3)  

It h a s  been shown that  UH3 exis t s  in  two crystal lographic  f o r m s .  ( 3 3 4 )  Delta UH3 

Mulford suggests  that delta i s  metas tab le .  The 

Once formed,  del ta  does not decompose during annealing a t  100 C but does decompose 
No a t tempt  was made to  show the del ta  phase i n  the d iagram because epsilon a t  250 C .  

("beta" UH3) i s  the phase commonly observed.  

Crystal lography 

Uranium hydride h a s  been shown to exis t  in  two f o r m s .  
a r e  given i n  the tabulation along with data  for epsilon ("beta") UD3. 

Data for  both delta and epsilon 

The data  for  del ta  UH3 a r e  f r o m  M ~ l f o r d ( ~ ) .  Cai l la t (4)  h a s  confirmed this information. 
He r e p o r t s  that  a = 4. 161 f 0.002 A and density i s  11.1 g / c m 3 .  

The data  for  epsilon UH3 and epsilon UD3 a r e  f r o m  Rundle . (5 j6)  These  compounds 
w e r e  studied by X-ray ,  although the s t ruc ture  was reso lved  through neutron-diffraction stud- 
i e s  of epsilon UD3. 
1800 p s i  at 500 to  600 C.  ( 6 )  Hydride prepared  at lower p r e s s u r e s  yielded la t t ice  constants of 
a = 6.32  f 0.001 A .  

The epsilon UH3 repor ted  by Rundle was prepared  under a p r e s s u r e  of 

Slightly higher  values w e r e  obtained i n  e a r l i e r  work(778). 

The hydrogen atoms in  epsilon UH3 a r e  repor ted  to  l ie  in  dis tor ted te t rahedra ,  equi- 
dis tant  f r o m  four  uran ium a toms with uranium-hydrogen dis tances  of 2.32 A .  
types of s t r u c t u r e s ,  each with 12 n e a r e s t  hydrogen a t o m s  a t  this dis tance.  The proposed  
space  group is Pm3n,  with p a r a m e t e r s  f o r  24 (k) of y = 0. 155 i 0.02 and Z = 0.31 f 0.02.  
T h e s e  values  a r e  sufficiently close to y = 0.156 and Z = 0. 313 to  put each hydrogen a t o m  equi- 
dis tant  f r o m  four uran ium a toms The s t r u c t u r e  gives sat isfactory agreement  between calcu-  
la ted and observed  intensi t ies .  

T h e r e  ark two 

The s t r u c t u r e  of epsi lon UH3 i s  unique and is not en t i re ly  understood, but i t  is repor ted  
that  no meta l l ic  uran ium-uranium bonds of importance a r e  p r e s e n t  i n  the s t r u c t u r e .  
hydride is a s s u m e d  t o  be held together  by uranium-hydrogen interact ions.  
that  these  interact ions may be descr ibed  i n  t e r m s  of delocalized covalent bonds. (6)  

The 
Rundle suggests  

The work of Gibb(9) may be  of genera l  i n t e r e s t .  
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Unit Cel l  
Number Density, 

Dimensions,  of g / c m 3  Space 
P h a s e  Type A Molecules X-Ray Other  Group R e m a r k s  

Delta Cubic a = 4.160 f 2 
("alpha") UH3 0.001 

P m 3 n  

Epsi lon Cubic a = 6.6310 f 8 10.92 10.95 P m 3 n  
("betat t )  UH3 0.0008 

Epsi lon Cubic a = 6.620 * 8 11.11 P m 3 n  
( ' fbe ta t8)  UD3 0.002 
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URANIUM-INDIUM 

A compound, UIn3, h a s  been identified. ( 1, 2)  Solubilities of uran ium i n  liquid indium 
have been reported(3)  as given below: 

T e m p e r a t u r e ,  C 600 650 700 750 800 850 900 

Solubility, w / o  0.08 0. 10 0. 15 0.25 0.45 0.70 1 . 0 5  

Crystal lography 

An in te rmeta l l ic  compound, UIn3, has been repor ted .  ( l ,  2, Data  for  UIn3 a r e  s u m -  
m a r i z e d  below(2) .  
constant ,  a = 4.588 A. 
USi3, UGe3, and UPb3. 

Iandel l i ( l )  r e p o r t s  the s a m e  s t ruc ture ,  but gives a slightly lower la t t ice  
He h a s  studied the following UX3-type compounds: UIn3, UGa3, UT13, 

Unit Cel l  
Number Density, 

Dimensions,  of g / c m 3  Space 
P h a s e  A Molecules X-Ray Others  Group R e m a r k s  

UIn3 F c c  a = 4.6013 1 
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URANIUM-IRIDIUM 

The solubility of i r id ium in uran ium a t  890 C is r e p o r t e d ( l )  to  be about 3 a / o .  A com-  
pound, UIrZ,  h a s  been identified. 

Crystal lography 

An in te rmeta l l ic  compound, UIr2, h a s  been repor ted(2) .  It h a s  the C15, MgCu2 
s t r u c t u r e .  

Unit Cel l  
Number Density, 

Dimensions,  of g / c m 3  Space 
Molecules X-Ray Other  Group R e m a r k s  -- P h a s e  Type A 

a = 7.509 8 19.62 Fd3m C15, MgCu2 s t r u c t u r e  UIr2 F c c  
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IRON, w/o 
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The Constitutional Diagram 

The uranium-i ron  d iagram h a s  been de termined  independently by Kaufmann( '1 and by 
Grogan(2)  and h a s  been studied by Foote(3). 
points and the i so therms repor ted  by Grogan v a r y  slightly f r o m  those of this d iagram;  o ther -  
wise ,  the two d iagrams a r e  identical. 

The d iagram shown is Kaufmann's. The liquidus 

Grogan(2)  r e p o r t s  some detai ls  of the uranium-rich al loys.  Solubilities of i r o n  in  u r a -  
nium taken f r o m  this  work a r e  tabulated below. 

P h a s e  T e m p e r a t u r e  Solubility, w / o  

Alpha 660 C Nil 
Alpha -beta i s o t h e r m  < 0 .02  i ron 

Beta  Alpha-beta i so therm < 0 .02  i ron 
Beta-gamma i s o t h e r m  0.1 i r o n  

Gamma Beta-  gamma i s o t h e r m  0. 2 i r o n  
U6Fe per i tec t ic  0. 35 i r o n  

The solubility in  the gamma region depicted i n  the accompanying d i a g r a m ( l )  a g r e e s  well with 
t h e  data  above.  

Crystal lography 

The s t r u c t u r e  of U6Fe h a s  been determined by B a e n ~ i g e r ( ~ )  and i s  isomorphous with 
UbMn, u 6 c 0 ,  and U6Ni. 
the volume calculated by assuming additivity of a tomic  volumes (547 A3). 

The data  tabulated for  U F e Z  a r e  f r o m  the work of Grogan('). 

The observed  unit-cell volume for  U6Fe (557 A3) i s  quite c lose  t o  

Kaufmann( '1 h a s  reported 
a slightly higher  value for  the la t t ice ,  a = 7.050 A. 
B a e n ~ i g e r ( ~ )  and Brook(5), indicating that UFe2, UMn2, and UC02 a r e  isomorphous and are 
the C15-type MgCuZ s t r u c t u r e .  The compound UNiZ is repor ted  to  have the C14-type MgZn2 
s t r u c t u r e .  T e r n a r y  al loys involving all of these  phases  a r e  descr ibed  in  the sect ion devoted 
to  t e r n a r y  al loys.  

S imi la r  data  have been repor ted  by 

Unit Cel l  
Number Densi ty ,  

Dimensions,  of g / c m 3 .  Space 
P h a s e  Type A Molecules X-Ray Other  Group R e m a r k s  

Delta B c  t e t r a g -  a = 10. 31 & 4 17.7 
(U6Fe) onal 0. 04 

0 . 0 2  
c = 5.24 f 

Epsi lon F c c  a = 7.042 
(UFe2)  

8 13.21 

I 4 / m c m ,  Isomorphous with 
142, o r  UbMn, u 6 c 0 ,  
I4c 2 U6Ni 
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URANIUM-LANTHANUM 

Uranium and lanthanum show little miscibi l i ty  in  the liquid s ta te .  ( 9 2, The solubility of 
lanthanum in liquid uran ium is repor ted  to  be 0.75 w / o  a t  1150 C and 0 .90  w / o  a t  1250 C,  
while uran ium solubility i n  lanthanum i s  given a s  0. 3 w / o  a t  1000 C and 1 .0  w / o  a t  1250 C. ( l )  

C r y  s ta l logr  aphy 

Data concerning the possibility of compounds i n  this  s y s t e m  a r e  not avai lable .  
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URANIUM-LEAD 

LEAD,wAo 

LEAD.o/o 

The Constitutional Diagram 

The m a j o r  fea tures  of the uranium-lead s y s t e m  a r e  a g r e e d  upon by all invest igators .  
The d iagram shown i s  f r o m  Tei te l ( l1 .  
the  compound del ta  (UPb) is shown to melt congruently at 1280 C and no region ,of i m m i s c i -  
bility is shown above 1280 C.  
ana lyses ,  while T e i t e l ( l )  depicts the immiscibi l i ty  gap on the b a s i s  of chemica l  ana lyses  of 
liquated alloy samples .  
and 9 7 . 4  to 98.5 w/o  uranium. 
s i t ion unless  a region of immiscibi l i ty  exis ts .  

The r e s u l t s  of Maskrey  and F r o s t ( 2 )  differ only i n  that 

The interpretat ion of Maskrey and F r o s t ( 2 )  is based  on t h e r m a l  

Separated l a y e r s  formed by liquation analyzed 41 to  43 w / o  uranium 
It is difficult t o  account f o r  such a la rge  difference i n  compo- 

The compounds UPb and UPb3 are  pyrophoric  and a r e  therefore  difficult to study. The 
compound UPb i s  repor ted  to  be m o r e  pyrophoric  than is UPb3('). 

The solubility of lead in  uran ium is quite low, and lead additions have little effect on 
the phase t ransformat ions  in uranium. 
99 .6  w / o  uranium. ( 2 )  

The uranium-r ich  eutect ic  is repor ted  to occur  at 

The solubility of uran ium in lead h a s  been de termined  by Teitel(51, who quotes solubili- 
t i e s  of 0 .002,  0. 046, 0 .  26, and 0.59 w/o  a t  416, 612, 806, and 1000 C ,  respect ively.  
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Crystal lography 

The s t ruc ture  of UPb h a s  been repor ted  by Tei te l (5) .  Numerous determinat ions of the 
s t r u c t u r e  of UPb3 have been made,  and p a r a m e t e r s  of 4.73 A(4), 4.795 A(3), and 4.7934 A(2) 
have been reported.  
p a r a m e t e r  is f r o m  Tei te l (5) .  

The s t r u c t u r e  i n  the tabulation is f r o m  Maskrey and F r o s t ( 2 ) ,  but the 

Unit Cel l  
Numbe I Density, 

Dimensions,  of g / c m 3  Space 
P h a s e  Type A Molecules X-Ray Other  Group R e m a r k s  

Delta B c  t e t r a g -  a = 11. 04 48 13.7 - -  - -  _ -  
(UPb) onal c = 10.60  

Epsi lon Simple a = 4.791 1 12.98 -- P m 3 m  L12, AuCug o r d e r e d  
(UPb3) cubic s t r u c t u r e  i s o -  

morphous with 
UA13, UGa3, UIn3, 
USi3, UGe3, and 
USn3. 
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URANIUM-LUTECIUM 

Uranium and luteciumexhibi t  an immiscibi l i ty  gap i n  the liquid state. Solubility of 
lutecium i n  liquid uran ium is repor ted  to  i n c r e a s e  f r o m  0. 2 w / o  at 1150 C to 0 .4  w / o  at 
1250 C. ( l )  

Crystal lography 

Nothing is known concerning the possibility of compounds i n  this  sys tem.  
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r 
t 

(1)  Wilhelm, H. A. , "Nuclear Fuels  Newsletter", WASH-704 (December ,  1957). Classified. 

fl 

36 



URANIUM-MAGNESIUM 

li, 
R 

5 

MAGNESIUM, w/o 
I 3 5  10 20 40 
I I ]  I 1  I I (  

MAGNESIUM. w/o 

661 
B'+ Lz 

600 'a + Lt 

2400 

2000 

LL 

W u 
3 c 

1600 2 
W a 
5 
I- 

I 2 0 0  

0 
MAGNESIUM, a/o 

The Constitutional Diagram 

The magnesium-uranium diagram shown h a s  been worked out by invest igators  a t  Ames  
The immiscibi l i ty  of the two m e t a l s  h a s  been ci ted by o thers (Zr3) .  Labora tory .  ( l )  

E a r l y  work on this sys tem gave evidence of in te rmeta l l ic  phases  and thus  led  t o  a faulty 
conception of the sys tem.  The l a t e r  work of T r a c y ,  Chiotti,  and Wilhelmtl)  provides  not only 
a complete  d iagram but a l s o  a n  explanation of e a r l y  e r roneous  information.  It was found that 
the method of prepara t ion  of diffusion and liquation samples  was important ;  i f  magnes ium and 
uranium w e r e  heated together  i n  ord inary  crucible  m a t e r i a l s ,  u ran ium carbide o r  uran ium 
si l ic ide l a y e r s ,  depending on the re f rac tory  m a t e r i a l ,  w e r e  formed between the uranium and 
magnes ium layers .  

Two techniques were  found t o  be especial ly  successfu l  i n  th i s  work.  The first involves 

The o ther  technique consis ts  of 
heating m a s s i v e  uran ium or uranium shavings in molten magnes ium in a crucible  consisting 
of 90 w / o  magnes ium oxide and 10 w / o  magnes ium fluoride. 
mel t ing magnes ium and holding it molten in  a uranium container .  
tion of contaminants a t  the interface of the two immisc ib le  meta ls (1) .  

Both methods avoid col lec-  

Diffusion samples  prepared  by holding magnes ium i n  a uranium crucible  for 24 h r  at  
1015 C showed no evidence of diffusion bands o r  in te rmeta l l ic  compounds . ( l )  
sc r ibed  appears  to be quite thorough, s ince a var ie ty  of techniques, including t h e r m a l  analy-  
s is ,  X - r a y  s tudies ,  microscopic  examination and diffusion o r  liquation tes t s  were utilized. ( l )  

The work de- 
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Uranium and magnesium a r e  a lmost  completely immisc ib le ,  even a t  high tempera tures .  
At 1150 C and 3-a tm p r e s s u r e ,  0.14 w/o  uranium is soluble i n  magnesium, while only 
0.  004 w / o  magnesium is soluble in  uranium. The solubility of uran ium i n  magnesium is r e -  
por ted  t o  d e c r e a s e  to 0 .05 w / o  a t  675 C'and t o  o. 005 w / o  a t  650 C . ( l )  In a m o r e  recent  d e t e r -  
minat ion of uran ium solubilities i n  magnesium, values of 0.002 w / o  a t  650 C and of 0. 17 W / O  

a t  1132 C were  obtained.(4)  

The melt ing points of magnes ium and uranium and the  t ransformat ion  t e m p e r a t u r e s  i n  
uran ium a r e  affected v e r y  little i n  these  al loys.  

Crystal lography 

T h e r e  a r e  no compounds i n  the uranium-magnesium sys tem.  
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The Constitutional Diagram 

The constitutional d i a g r a m  of uranium-manganese is shown i n  the accompanying fig- 
u r e ( l ) .  The genera l  charac-  
t e r i s t i c s  of the sys tem a r e  confirmed by data  f r o m  the United Kingdom. (2) Although some 
difference in  data  occurs  a t  the manganese end of the s y s t e m ,  t h e r e  is not enough information 

The sys tem h a s  two in te rmeta l l ic  compounds, U6Mn and UMn2. 
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