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A diffusionless phase t ransformat ion between M X  2 (cubic 
CaF 2 structure) and M X  2 ( tetragonal structure) has been 
reported by Yakel  (1958) and  by Chang (1960) for T i l l  2 
and ZrH 2. The t ransformat ion is characterized by co- 
operat ive a tom movemen t s  involving a pure lattice 
distort ion combined with a twinning shear (over a frac- 
t ion of the crystal) which does not  affect the lattice 
structure but  produces a macroscopic change in shape. 

This note  describes the  characteristic features of 
another  diffusionless t ransformat ion for UC2. The trans- 
formation from the h igh- tempera ture  UC2 phase ('CaF 2' 
structure,~f a 0 ~ 5.41 /~ at  1820 °C.) to a te t ragonal  phase 
(CaCa structure,  a ~  3.68, c ~  5.88 A at  1820 °C.) takes 
place at 1820 to 1830 °C. (Wilson, 1960), the low-tem- 
perature te t ragonal  phase being composed of twins. Our 
mierostruetural  studies reveal the  following orientat ion 
relation-ships between the two phases:  

Planes:  (001) cubic parallel to (001) tetragonal  
Directions: [011] cubic parallel to [11I] te t ragonal  

wi thin  an exper imental  error of +_ 1% Both  the  habi t  
plane and  twinning plane indices cannot  be de te rmined  
with confidence bu t  are believed to correspond to the 
(101) type planes of the cubic phase. 

The requi rement  of a macroscopic shear for the  UC~ 
transformation is obvious from the gra in-boundary  offset 
shown in Fig. 1 (Chubb & Phillips). The magn i tude  of 
macroscopic shear, es t imated from the distort ion of a 

Fig. 1. Uranium--8.5 weight per cent carbon alloy showing 
grain-boundary offset (1000 × ). 

* This work was supported by the U.S. Atomic Energy 
Commission. 

The true crystal structure of the high temperature UC 2 
cubic phase is not yet certain. It  is quoted by several in- 
vestigators (see Rough & Bauer, 1958, and Austin, 1959) 
to have the CaF~ structure. 

in revised form 15 May 1961) 

s traight  graphi te  inclusion across neighboring twins 
shown in Fig. 2, is about  0.07 to 0.10, corresponding to 
a shear angle of 4 to 6 °. 

Fig. 2. Uranium--9.0 weight per cent carbon alloy showing 
distortion of a straight graphite inclusion across neighboring 
twins (1500 × ). 

The exper imenta l  observations are in agreement  with 
predict ions of the phenomenological  theories of Wechsler-  
L i ebe rman-Read  (1953) and of Bowles-MacKenzie (1954) 
and the  pr ism-matching theory  of B i lby -F rank  (1960). 
A macroscopic shear of 0-078 is predicted by the phenom- 
enological theory  of W. -L . -R . ,  while the min imum shape 
deformat ion  criterion of B i lby -F rank  predicts a macro- 
scopic shear of 0.07. 

The t ransformat ion from the UC2 cubic to UC2 tetrag- 
onal latt ice can be easily visualized if the tetragonal  
latt ice is re indexed by a 45 ° rota t ion along the c axis 
so tha t  c ' - -c  and  a'  =a V2. The t ransformation from the 
UC 2 cubic lattice (a0T5"41 A at  1820 °C.) to the re- 
indexed UC 2 te t ragonal  lattice ( a ' ~  5.20, c ' ~  5-88 A at  
1820 °C.) is then  very similar to tha t  of ZrH 2 or Til ls .  

The shear mechanism suggests possibly tha t  the high 
tempera ture  s t ructure of UC 2 still contains the discrete 
C 2 groups of the  low tempera ture  form. This appears 
interest ing in view of the supposed miscibili ty of UC 
and UC 2 above about  1900 °C. (Rough & Bauer, 1958). 
However ,  our recent  high tempera ture  X-ray diffraction 
da ta  (unpublished) confirm the co-existence of two cubic 
UC and UC2 phases near  2000 °C. Unfor tunate ly ,  the  
diffraction pat terns  obtained at tempera tures  much 
above 2000 °C. are inconclusive to tell whether  the two 
cubic phases still co-exist. Chubb & Phillips recently 
proposed an ent irely different phase diagram imposing 
the  complete  immiscibil i ty of UC and UC 2 up to the 
mel t ing  tempera ture  based on metal lographic evidence 
of quenched samples (Chubb & Phillips). Fur thermore ,  
the  shear type t ransformat ion does not  exclude a possible 
local rear rangement  of the  C atoms to permi t  the  forma- 
t ion of C~ groups during t ransformat ion to the low 
tempera ture  phase. I t  appears, therefore, desirable to 
redetermine the crystal s t ructure of the high tempera ture  
UC 2 phase by means  of X-ray  and neut ron  diffraction. 
The exact  positions of the C atoms in the high tern- 
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p e r a t u r e  UC~ p h a s e  m a y  t h r o w  f u r t h e r  l igh t  on  t h e  
U C - U C 2  misc ib i l i t y  p r o b l e m .  
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I n  course  of a s t u d y  of s o m e  p h o t o m e t r i c a l l y  a n a l y z e d  
c r y p t o p e r t h i t e s  a n d  X - r a y  p e r t h i t e s  of t h e  Malan i  
r h y o l i t e s  of W.  R a j a s t h a n ,  r ec ip roca l  l a t t i ce  ang les  a*  
a n d  ?* of t h e  u n m i x e d  soda r i ch  phases  h a v e  b e e n  de te r -  
m i n e d  f r o m  t h e  a lbi te-  a n d  p e r i c l i n e - t w i n n e d  i n d i v i d u a l s  
us ing  t h e  b-axis X - r a y  osc i l la t ion  m e t h o d  of S m i t h  & 
Mackenz i e  (1955). 

Tab l e  1 g ives  t h e  c h e m i c a l  c o m p o s i t i o n  a n d  op t i c  ax ia l  
ang l e s  t o g e t h e r  w i t h  t h e  rec iproca l  l a t t i ce  angles  ~* a n d  
y* of t h e  u n m i x e d  phase s  (where  t h e y  cou ld  be m e a s u r e d ) .  
To  c o m p a r e  t he se  va lues  w i t h  t hose  of t h e  n a t u r a l  a lkal i  
f e ldspa r s  of d i f f e r en t  c o m p o s i t i o n  a n d  f r o m  d i f f e r en t  
geo log ica l  e n v i r o n m e n t s  t h e  va lues  of c~* of t h e  u n m i x e d  
soda - r i ch  phase s  h a v e  been  p l o t t e d  a g a i n s t  t h e  cor- 
r e s p o n d i n g  va lues  of ~* (af ter  Mackenz i e  & S m i t h ,  1955). 
E a c h  p lo t  ha s  been  i n d e x e d  for co r r e l a t i on  w i t h  Tab l e  1. 
I n  F ig .  1 h a v e  also been  p l o t t e d  a*  a n d  y* of o r thoc l a se  
( m o n o c l i n i c  p o t a s h  f e l d s p a r ) ,  m a x i m u m  mic roc l ine  
(Mackenzie ,  1956); t w o  i n t e r m e d i a t e  mic roc l ines ;  h igh-  
t e m p e r a t u r e  a lb i t e  a n d  s y n t h e t i c  fe ldspars  Or10Abg0 , 
Or20Aba0, Or30Ab~0 a n d  l o w - t e m p e r a t u r e  a lb i te .  A p a r t  
f r o m  these  p lo t s  for reference ,  c o r r e s p o n d i n g  pos i t i ons  
for  t h e  s an id ine  c r y p t o p e r t h i t e s  a n d  o r thoc l a se  micro-  
p e r t h i t e s  s t u d i e d  by  Mackenz i e  & S m i t h  (Figs.  2 a n d  3 

in Mackenz i e  & S m i t h ,  1956) are  s h o w n  by  s y m b o l s  
(Fig. 1). 

I n  th i s  d i a g r a m  pos i t i ons  of t h e  a * - y *  p lo t s  of  t h e  
rhyo l i t i c  a lka l i  f e ldspa r s  f r o m  R a j a s t h a n  show t h a t  m o s t  
of t hese  u n m i x e d  fe ldspa r s  h a v e  soda  p h a s e s  w h i c h  are  
poss ib ly  t r a n s i t i o n a l  b e t w e e n  t h e  h igh-  a n d  l ow- t em-  
p e r a t u r e  m o d i f i c a t i o n s  of t h e  soda- r i ch  a lkal i  f e ldspars .  
Th i s  poss ib i l i ty  is i n d i c a t e d  by  op t i c  axia l  m e a s u r e m e n t s  
also. T h e  va lues  of t h e  op t i c  ang les  (Table  1) h a v e  b e e n  
p l o t t e d  on  a s l igh t ly  m o d i f i e d  f o r m  of T u r t l e ' s  (1952) 
d i a g r a m  w h i c h  shows  t h e  r e l a t ion  b e t w e e n  op t i c  ang le  
a n d  c h e m i c a l  c o m p o s i t i o n  in t h e  a lkal i  f e ld spa r  series.  
I t  will  be seen f r o m  the  pos i t i on  of t h e  p lo t s  in t h e  
d i a g r a m  (Fig. 2) t h a t  t h e  e x a m i n e d  fe ldspa r s  h a v e  op t i c  
ax ia l  angles  r o u g h l y  i n t e r m e d i a t e  b e t w e e n  t h o s e  of 
s a n i d i n e - c r y p t o p e r t h i t e s  a n d  o r t h o c l a s e - m i c r o p e r t h i t e s  
w i t h i n  t h e  s a m e  c o m p o s i t i o n a l  r ange .  

Mackenz i e  & S m i t h  (1955, 1956) h a v e  f o l m d  t h a t  t h e  
soda - r i ch  p h a s e  of t h e  o r thoc l a se  m i c r o p e r t h i t e s  a n d  
s an id ine  c r y p t o p e r t h i t e s  h a v e  rec ip roca l  l a t t i ce  ang les  a*  
a n d  ~* close to  t hose  of l o w - t e m p e r a t u r e  a n d  h igh-  
t e m p e r a t u r e  soda - r i ch  f e ldspa r s  r e spec t ive ly .  T u r t l e  & 
K e i t h  (1954) h a v e  s h o w n  t h a t  s p e c i m e n s  w h i c h  op t i ca l ly  
fall i n t e r m e d i a t e  b e t w e e n  t h e  o r thoc l a se  m i c r o p e r t h i t e  

Composit ion 

Sp. no. Plot  no. Or. (Ab + An) 

M581 1 60"2 39"8 
M586 2 60.8 39.2 
~I562 3 64.2 35.8 
M2393 4 50.6 49.4 
2~I2389 5 42.3 57.7 
M1808 6 54.2 45-8 
iV/2103 7 59.5 40-5 
M301 8 59.8 40.2 
M2437 9 
M2225 10 60.1 39.9 
M1849 11 62.7 37.3 
M2307 12 59.6 40.4 
M1535 13 49.3 50.7 
M2147 14 
M308 15 

Tab l e  1 

2 Wo: 

80-82'5 
79.2-83.1 
48.4 
60.5-66.o 
80-2-84-3 
62.5-65.o 

74.5-77.2 

81.1 

76.5-82.3 

Recipro.cal lattice angles 

Na-phase (Albite twinned) 
^ 

a* ~* 

88 ° I '  89 ° 52' 
88 ° 7' 90 ° 
88 ° 27" 90 ° 
87 ° 38' 90 ° 
86 ° 40" 89 ° 50' 
87 ° 45' 89 ° 44" 
87 ° 54' 90 ° 
87 ° 57" 89 ° 50' 
87 ° 54" 90 ° 
88 ° 1' 90 ° 
88 ° 1' 90 ° 
88 ° 3" 90 ° 
87 ° 48' 90 ° 
87 ° 38" 90 ° 
87 ° 22' 89 ° 42" 

K-phase 

90 ° 49' 

90 ° 45' 

91 ° 3" 

91 ° 34" 

y* 

90 ° 52 

91 ° 5" 

90 ° 9' 

90 ° 10' 


