
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  -- 

Alpha Ortho-  a = 2.852 
r h o m -  b = 5.865 
b ic  c = 4.945 

4 19.12 C m c m  

Beta Tet rag-  a = 10.759 * 0.001 30 18.11 P q / m n m  Data f o r  720 C 
onal c = 5.656 f 0.001 

Gamma Bcc  a = 3.524 2 18.06 Im3m Data f o r  805 C 
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ALUM1 NUM, a/o 

The Consti tutional Diagram 

T h e r e  is vir tual ly  complete ag reemen t  on the uranium-aluminum system. The. d i ag ram 
shown is that of Gordon and Kaufrnann(l1, modified to  include the UA14 intermetal l ic  com-  
pound r epor t ed  by Bor i e (2 )  and Allen(3).  

Minor differences exis t  between this 'd iagram and that  of Allen(3).  These  differences 
cons i s t  of small var ia t ions in  the liquidus and in the var ious react ion i so the rms .  
example,  a t  the uran ium end of the sys t em,  Allen(3) r e p o r t s  values of 1123, 757, and 672 C 
f o r  t he  eutectic and eutectoid i so the rms .  These  values correspond to  1105, 750, and 655 C,  
respect ively,  in the d i ag ram shown he re .  
d i ag ram shown. 
a luminum-r ich  liquidus with UA13, as reported by Storhok and Bauerf5): 

F o r  

The work of Sal ler(4)  is in ag reemen t  with the  
Thermal-analysis  techniques resul ted in slightly hi h e r  values  f o r  the 

755 c 17 w f o  uranium 
855 C 20 w l o  uranium 
954 c 24.5 w/o  uranium 

1068 C 30.9 w f o  uranium 
1190 C ' 41.7 w f o  uranium 
1265 C 51.2 w f o  uranium 

Some details  of the solubility of a luminum in  uran ium have been reported by Allen(3): 

980 C 0.5 w f o  aluminum 
800 c 0. 2 w f o  aluminum 
700 C 0. 11 w f  o a luminum 
650 C <O. 1 w l o  aluminum 

Similar  values ,  perhaps sl ightly lower,  can be scaled f r o m  d iag ram in the gamma-uranium 
region. 

Crystal lography 

The  crystallography of the intermetal l ic  compounds is summar ized  in the tabulation 
below. The 
s t r u c t u r e  of UA13 is confirmed by Maskrey  and F ros t (7 ) ,  although they r epor t  a la t t ice  
dimension of a = 4. 27 A. They a l so  r e p o r t  that the a tom posit ions of UAl3 a r e  su re ly  those 
of the AuCug o rde red  s t ruc tu re .  On the bas i s  of intensity data ,  it appea r s  that a high degree  
of o r d e r  exis ts  i n  UAl3. 

The  data  shown f o r  U A l 2  and UAl3 a r e  f r o m  the work of Rundle and Wilson(6). 
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Borie  studied UAl4 (once identified as UAI5(l)) by both X-ray and neutron diffract ion.(2)  
Chemical  ana lyses  and density m e a s u r e m e n t s  w e r e  somewhat  inconsis tent  with the  UAl4 
s toichiometry and s t ruc ture .  However, th i s  inconsis tency is explained on the  bas i s  of a 
defect  la t t i ce  where s o m e  of the  uran ium s i t e s  a r e  unoccupied o r  a r e  occupied by aluminum 
a toms.  Analysis of t h e  s t r u c t u r e  revealed that  it can  be  descr ibed  as plates  of the  cubic 
UA13 s t r u c t u r e  held together  by e x t r a  a luminum a toms(2) .  

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 F c c  a = 7 . 8 1 1  8 8.14 8. 2 F d 3 m  C15-type Cu2Mg s t r u c -  
(UAI2) t u r e  

Epsilo: Simple a = 4.287 1 6 . 8  
(UA13) cubic 

P m 3 m  Ordered ,  AuCuj-type 
s t r u c t u r e  

Zeta  Or tho-  a = 4.41 4 5.7 f 0.3  Ima o r  
(UAl4) r h o m -  b = 6.27 Imma 

bic  c 13 .71  
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URANIUM-ANTIMONY 

T h e r e  is evidence of a number  of in te rmeta l l ic  compounds i n  the uran ium antimony 
sys tem.  (1,293) The  following solubi l i t ies  of uran ium i n  liquid antimony have been 
reported(4):  

Tempera ture ,  C 650 700 750 800 850 900 

Solubility, w / o  0 . 1  0. 3 0.5 0.8 1 .8  2. 9 

8" 
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! r - l  Crystal lography 

I The crystal lography of USb, U3Sb2, and USb2 compounds is repor ted  by F e r r o ( 1 , Z )  as 
shown below. 

Unit Cel l  
Numb e r Density , 

Dimensions,  of g / c m j  ' Space 

U Sb Fcc a = 6.191 4 NaCl s t r u c t u r e ;  i s o -  
morphous with UN, 
U P ,  and UAs 

A Molecules  X-Ray Other  Group R e m a r k s  P h a s e  T w e  

U3Sb4 Cubic a = 9.095 

USbZ Tet ragonal  a = 4. 272 
c = 8.741 

Ref e r enc e s  

(1)  F e r r o ,  R . ,  Atti accad .  nazl. Lincei. Rend. ,  C l a s s e  sc i .  f i s . ,  mat. e n a t . ,  2, 53-61 
(1952). 

( 2 )  F e r r o ,  R . ,  Atti accad.  nazl. Lincei. R e n d . ,  C l a s s e  s c i .  f i s . ,  mat .  e n a t . ,  12, 151-157 
(1952). 

( 3 )  Katz,  J. J . ,  and Rabinowitch, E. ,  The Chemis t ry  of Uranium, P a r t  I, McGraw-Hill 
Book Company, Inc . ,  New York (1951), pp 241-2. 

URANIUM-ARSENIC 

T h e r e  i s  evidence supporting t h r e e  in 

(4)  Hayes,  E. E . ,  and Gordon, P., TID-65, 130-141 (Ju ly ,  1948). Classif ied.  

ompounds in the uran ium-  e r m e  ta l l ic  r s e n i c  
s y s t e m ,  but l i t t l e  e l s e  is known about these  al loys.  

Crystal lography 

The  crystal lography of UAs and UAs2 compounds is summar ized  below. The  data  for  
F e r r o ( 2 )  r e p o r t s  that  UAs is s i m i l a r  in  s t r u c t u r e  to  USb, UN, UAs a r e  those of Rundle(1). 

U P ,  and UBi. 

On the  b a s i s  of X-ray s tudies ,  Iandelli(3,4) r e p o r t s  the exis tence of UAs, U3As4, and 
UAs2. 

Katz  and Rabinowitch(5) have surveyed information on this sys tem.  

Unit Cel l  
Numb e r Density, 

Dimensions,  of g / c m 5  
R e m a r k s  A Molecules X-Ray Other  P h a s e  T w e  ~ 

UAs F c c  a = 5.767 * 0.01 4 10.77 NaCl s t r u c t u r e ,  i s o -  
morphous with r a r e -  
e a r t h  a rsen ides  of 
La, Ce ,  Pr, Nd 

UAsz Tetragonal  a = 3.954 
c = 8.116 

2 9.8 Isomorphous with U P 2  
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URANIUM-BERYLLIUM 

BERYLLIUM, w/c 

BERYLLIUM,a/o 

The Constitutional Diagram 

The  d iagram shown h e r e  is the work of Buzzard  and co-workers(1) .  It r e p r e s e n t s  the  
r e s u l t s  of much difficult and t rying work,  s ince  the atomic-weight ra t io  of uran ium to b e r y l -  
l i u m  is v e r y  high. 
elevated t e m p e r a t u r e s ,  
a g r e e m e n t  with this  d iagram.  
t e m p e r a t u r e  modification in  beryl l ium, which is designated as zeta  ( 9  in  the d iagram.  
tails of the monotect ic  react ion a r e  amplified in  the inset of the  diagram. 

The work was f u r t h e r  complicated by the  high volatility of beryl l ium at 
In general ,  the  l e s s  e laborate  work of o ther  invest igators  is in  

No confirmation ex is t s  f o r  the tentatively proposed high- 
De-  

Buzzard  repor t s  that  the eutect ic  between uranium and UBel3  o c c u r s  at a composition 
of l e s s  than 5 a / o  beryl l ium (0. 2 w/o) .  
u ran ium i s  small and that  of the solubility of uran ium i n  beryl l ium has  not been detected.  ( 1) 

He a l s o  r e p o r t s  that  the solubility of bery l l ium in 

The National Phys ica l  Labora tory  r e p o r t s  that  the solid solubility of bery l l ium in 
uran ium is between 2. 8 and 8.4 a / o  beryl l ium. 
0. 06 a / o  uranium(4) .  

1 4  
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Crystal lography 

Data for  UBel3  a r e  s u m m a r i z e d  i n  the accompanying tabulation(2, '). T h e r e  is no doubt 
that the unit ce l l  is complex, although f i r s t  s tudies  tended to indicate  a s imple  cubic s t r u c -  
t u r e  with a la t t ice  constant  of about 5 A. Baenziger  and Rundle(2) studied a whole s e r i e s  of 
M B e l 3  compounds where  M was uranium,  thor ium,  cer ium,  and zirconium. Study of r o t a -  
tion and Weissenberg  d i a g r a m s  of single c r y s t a l s  of Z r B e l g  revealed the m o r e  complex 
s t ruc ture .  
l a r g e r  unit, could be  seen  on powder d iagrams.  Thei r  data  w e r e  calculated f r o m  back-  
ref lect ion data  obtained with a s y m m e t r i c a l ,  self-focusing powder camera(2) .  

On c l o s e r  inspection, they found that  the (531) ref lect ion,  which r e q u i r e s  the 

Koehler  and c o - w o r k e r ~ ( ~ )  studied s ingle  c r y s t a l s  of U B e l 3  by both X - r a y -  and neutron- 
diffraction methods. 
Rundle(2). 

Thei r  work i s  in  complete a g r e e m e n t  with that of Baenziger  and 

Unit Cel l  
Numb e r 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 F c c  a = 10.2568 8 4.373 4.420 * F m 3 c  Isomorphous with 
(UBei3)  0.0001 0 .002  NaZn13, T m e 1 3 ,  

at 26 C CeBelg ,  and Z r B e l g  
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BISMUTH, o/o 

The Constitutional Diagram 

The or iginal  study of the uran ium-bismuth  sys t em was pe r fo rmed  by Ahmann and 
Baldwin(1). 
diagram, although incomplete 
preted.  The  work of Tei t e l (2 fand  F e r r ~ ( ~ )  brought about revision of the s y s t e m  as it is 
shown h e r e  and identified the compounds as UBi, U3Bi4, and UBi2. 

The i r  data  indicated the  exis tence of two compounds, UBi and UBi2, and the i r  
had all the m a j o r  f ea tu res  of the s y s t e m  as i t  is now i n t e r -  

Determinations of the solubility of uran ium in bismuth by Greenwood(b), who used 
fi l tration, by C ~ t t e r i l l ( ~ ) ,  who used t h e r m a l  ana lys i s ,  and by Bareis(81, who used f i l t ra t ion 
and flotation techniques,  a r e  substantially in ag reemen t  with the d i ag ram as shown. 
wood(6) found the solubili ty obeyed the relationship log lo  (uranium, w/o )  = 3.00 - 24411, 

Green-  

where  T is the absolute  t empera tu re ,  and obtained the following values:  T 

Tempera tu re ,  C 515 546 502 668 722 760 796 816 898 960 

Solubility, w / o  0.7 0.9 1 . 3  2.7 3 . 5  5.1 6.7 9.3 1 3 . 9 1 9 . 6  

The values of Ba re i s (8 )  a g r e e  well with those of Greenwood, but since they cover  a 
different t empera tu re  range, the values  a r e  given below: 

Tempera tu re ,  C 271 300 350 400 450 500 550 600 650 700 

Solubility, w/o  0.031 0.051 0. 108 0.21 0.36 0.60 0.97 1.47 2. 18 3. 1 
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Crystal lography 

Data on the crystal lography of the  in te rmeta l l ic  compounds in th i s  s y s t e m  a r e  s u m -  
m a r i z e d  i n  the  tabulation below. 

The  s t r u c t u r e  of UBi is f r o m  the  work of Te i te l (2)  and was determined by m e a n s  of 
neutron-diffraction experiments .  
t u r e  to be  face-centered cubic and give la t t ice  constants  of a = 6.356 A and a = 6. 364 A, 
respect ively.  

Both F e r r o ( 3 )  and Brewer(4)  have repor ted  the  UBi s t r u c -  

The  data f o r  UgBi4 and f o r  UBi2 a r e  f r o m  the  work of F e r r ~ ( ~ , ~ ) .  

P h a s 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  --- Type A 

B c  t e t r a g -  a = 11. 12 24 13.6 
onal c = 10.55 

Cubic a = 9. 350 4 12.59 

T e t r a g -  a = 4.445 2 12 .38  
onal c = 8.908 

P Q l n m m  C38-type 
s t r u c t u r e  
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A.E.R.E.  M / R  2234 (June,  1957). 

Cot ter i l l ,  P. , United Kingdom, unpublished information (Apri l ,  1957). 
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- 

URANIUM-BORON 

Although the d i a g r a m  h a s  not been completed s o m e  data  a r e  avai lable  on the genera l  
charac te r i s t ics  of t h e  uranium-boron sys tem.  
pounds: UB2, UB4, and U B l z ( l ) ,  
has been  studied(2) and determined to be  of s imple  eutect ic  f o r m  with the eutect ic  t e m p e r a -  
t u r e  between 11 20 and 11 28 C. 
mel t ing tempera ture(3)  and f o r m s  a eutect ic  with UT32 well above 1565 C .  

The  s y s t e m  contains t h r e e  in te rmeta l l ic  com-  
The  port ion of the  d iagram between p u r e  uran ium and UB2 

The melting point of UB 2 i s  2440 C .  UB4 exhibits a higher 

The  compound UB12 is repor ted  to be too unstable f o r  r e f r a c t o r y  use(3)  and it does not 
ex is t  at as such  high t e m p e r a t u r e s  as do UB2 and UB4. 
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C r y s tall o g rap  hy 

The  crystal lography of UB2, UB'4, and UBI2 is s u m m a r i z e d  below. The  la t t ice  con- 
s tan ts  f o r  UB2 a r e  repor ted  by Daane and Baenziger(1) .  
Brewer(31, but the  lattice constants  are  given as a = 3.136 f 0.006 A and c = 3.988 f 0. 008 A .  

Simi lar  but slightly 
Both Ber taud4)  and Z a U ~ i n ( ~ )  r e p o r t  the space group 

Simi la r  resu l t s  a r e  repor ted  b y  

The la t t ice  constants  of UB4 a r e  taken f r o m  the  work of Brewer(3) .  
lower  va lues  a r e  repor ted  by Ber taud4) .  
of UB4 to b e  P 4 / m b m .  

The data  f o r  UB12 a r e  the work of Andrieux and Blum(6). 
u ran ium bor ides  can  b e  found in  The Chemis t ry  of Uranium(7). 

Additional discussion of the  

Unit Cel l  

DensiT space Number 
Dimensions,  of g l c m  

P h a s e  Type A Molecules X-Ray Other  Group R e m a r k s  -- -- 
UB2 Hexag- a = 3. 12 

onal c = 3.96 

UB4 T e t r a g -  a = 7.075 0.004 
onal c = 3.979 * 0 . 0 0 2  

UB12 F c c  a = 7.473 

1 12.82 12.8 Axial ra t io  suggests  it 
m a y  b e  isomorphous 
with A1B2 

4 

4 5.825 

P 4 / m b m  Isomorphous with 
ThB4 and CeB4 

F m 3 m  
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URANIUM-CALCIUM 

T h e r e  a r e  v e r y  few data  on the uranium-calcium sys tem.  However, in a t tempts  t o  p r e -  
p a r e  calcium al loys,  Ahmann(1) found no react ion between uranium and calcium a f t e r  as much 
as 24 h r  at 800 C.  

Crystal lography 

T h e r e  a r e  no compounds in  the uranium-calcium sys tem.  
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