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The O-V (Oxygen-Vanadium) System* 
By H.A. Wrledt 

Consultant 

Equilibrium Diagram 
The equilibrium solid phases of the V-O system at 0.1 
MPa hydrostatic pressure are  (1) the bcc terminal solid 
solution, (V); (2) bct a'; (3) bct ~; (4) bct 13'; (5) 
monoclinic 7; (6) fcc 5; (7) bct 5'; (8) V203, with rhom- 
bohedral and monoclinic forms above and below -112 
°C; (9) V305, with different monoclinic forms above 
and below + 155 °C; (10) the triclinic VnO2n-1 Magn~li 
series, with n = 4, 5, 6, 7, and 8; (11) VO2, with 
tetragonal ~ and monoclinic a forms above and below 
+ 68 °C; (12) V6013, with different monoclinic forms 
above and below-124 °C; (13) moneclinic V307; and 
(14) orthorhombic V205. Numerous alternative desig- 
nations to those adopted occur in the literature. Most 
solid phases exhibit detectable composition ranges, ex- 
cept for V305, the Magn$1i phases, V6013, and V307, 
where the breadths are on the order of the experimen- 
tal uncertainties. The ranges in VO2 and V205 are also 
very narrow. Among the many other phases reported, 
most are either unconfirmed or demonstrably un- 
stable. The established phases V9017 and V409 might 
be marginally stable, but they are omitted from the as- 
sessed V-O phase diagram (Fig. 1). 

The pioneer draftings of the V-O phase d iagram--  
[53Sey] and [57Bur] below and above 60 at.% O, 
respectively--incorporated both long-known and then 
recently discovered phases: (V), ~, 5, V203, V305, 
VnO2n-1 Magndli, VO2, V6013, and V205. Major 
revisions followed. Phases were deleted (",/', of 
[53Sey]) or added by [55Ros] (~/), by [66Tod] (V307, 
discovered by [65Tud]), by [70Hen] (a', discovered by 
[69Cam]), by [71Bel] (5', discovered by [42Kle]), and 
by [74Hir] (~', discovered by [73Hir]). The phase 
relationships and invariant equilibria depicted in the 
assessed diagram (Fig. 1), which incorporates all of  
these phases, were derived prinmrily below 55 at.% O 
from the diagram of [71Ale] (modified by detail from 
[71Bel] and [75Hir2]) and above 67 at.% O from 
[66Ted] (modified by detail from [80Vas]). Between 55 
and 67 at.% O, the main influence was the [66Kac] 
diagram. Table 1 lists the known phase transforma- 
tions and invariant equilibria. 

*Unabridged version of this assessment can be found in 
Phase Diagrams of Binary Vanadium Alloys, Monograph 
Series on Alloy Phase Diagrams, by J.F. Smith, published by 
ASM INTERNATIONAL, July 1989. 

Fig. 1 Assessed V-O Phase Diagram (Condensed System, 0.1 MPa) 
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Table 1 Special Points of the Assessed V-O Phase Diagram (Condensed System, 0.1 MPa) 
Composition of  the T e m p e r a t u r e ,  

R e a c t i o n  R e s p e c t i v e  phases ,  at.% 0 R e a c t i o n  t y p e  

L "~" V .................................................................... 0 1910 
L 4-, 5 .................................................................... - 50 1790 
L "-~ h-W.03 .......................................................... 60 1957 
L ' ~  VnOz, -nta)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L ~-~ ~V22 ............................................................. 66.7 1542 
L 4. v206 ............................................................. 71.4 678 

~ a'. .................................................................. 10 519 
,~ {3'. .................................................................. 16 ~400 

h-V203 ,~ I-V203 .................................................. 60.0 ~-112 
h-V306 --* 1-V305 .................................................. 62.5 ~ 155 
{3V09. ~-~ aVO2(b) ................................................. 66.7 68 
h-V8013 ~-* l-V6013 ............................................... 68,4 -124 
L + (V) , ~  j3 .......................................................... 27 17 20 1665 
L ,~, {3 + 5 ............................................................. 29 20.5 ~ 44 1640 
L ,~- 5 + h-V203(c) ............................................... -- 58 ~ 57 ~ 60 ~ 1600 
L + V.O2.-I .-~ V. ±.02(. ±.~-l(a) ....................... 
L ~+ V,,O~,-I + V. +,,02(.+.)-l(a) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L + ~VO24-~ h-V6Ol3 ........................................... 71.2 - 6 7  68.4 --400 
L ~ h-V6013 + V205 ........................................... 71.3 68.4 71.4 ~ 670 

,~, (V) + ct'. ........................................................ 8.0 5.9 8.3 508 
{3 ~ a '  + (3'. ......................................................... 12.7 11.0 13.0 392 
{3,-, {3' + 7(c) ....................................................... --23 - 2 2  30 ~320 
{3 + 5 4-~ 7 ............................................................. 28.6 --45 33.3 1185 
5 + h-V203 ~ ~ ' .  .................................................. 56 60 57 810 
Vn-o02(..<O-I + V n + b O 2 ( n + b ) - I  4"> VnO2n- l (a)  . . . . . . . . . . . . . . . .  
V.Oz,  t-I ~ V n - - a O 2 ( n ~ l  + V n + b O 2 ( n + b ) - l ( a )  ....  
h-V6013 + V205 ~-* V307 ..................................... 68:4 71.4 70 --665 
h-V203 + 1-V203 + 5'(c) ..................................... 60 60 57 ~ - 1 1 2  
h-V203 + 1-V203 + l-V305(c) ............................... 60 60 62.5 ---112 
h-V305 + 1-V306 + h-V203(c) .............................. 62.5 62.5 60 ~ 155 
h-V305 + 1-V305 + V407(c) ................................. 62.5 62.5 63.3 -- 155 
{3V02 + aV02 + V8015(?)(c) ................................ 66.7 66.7 65.2(?~ ~ 6 8  

~ V02  + otV02 + h-V6013(c) ................................ 66.7 66.7 68.4 ~ 6 8  
-V6013 + l-V6013 + otV02(c) .............................. 68.4 68.4 66.7 ~ - 1 2 4  

h-V6013 + l-V6013 + V307(c) .............................. 68.4 68.4 70 ---124 

Melting point 
Congruent 
Congruent(?} 
Incongruent(?) 
Congruent 
Congruent 
Ordering 
Ordering 
Polymorphic 
Polymorphic 
Polynmrphic 
Polymorphic 
Peritectic 
Eutectic 
Eutectic 
Peritectic 
Eutectic 
Peritectic 
Eutectic 
Eutectoid 
Eutectoid 
Eutectoid 
Peritectoid 
Peritectoid 
Peritectoid 
Eutectoid 
Peritectoid 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

(a) Where n = 2 to 8 (or 9); a and b are positive integers, which may be unit~ The number and types of reactions involving each 
of V305 and the Magn~li phases are not established. Few of the listed reactions, if any, have been observed. {b) For VO2.000. (c) 
Required or probable, but not reported as observed. 

For the location of  solid-phase boundar ies  in Fig. 1, 
da ta  f rom m a n y  specialized sources  were  used; 
however; as dashed  lines in Fig. 1 indicate,  severa l  
locations r e m a i n  quest ionable.  Ar ranged  chronologi- 
cally for each phase,  the  mos t  i m p o r t a n t  of  these  sour-  
ces were (V) [70Hen,  71Ale, 75Fro, 75Hir2,  76Ste], a '  
[70Hen, 71Ale, 75Hir2] ,  {3 [71Ale, 75Hir2],  ~' 
[75Hir2], ~/ [63Wes, 82Vas], 5 [55Ros, 59Vol, 71Ale, 
74Wat, 76Vas, 81Arb], 5' [71Bell, V203  [67Kat,  
70Wak, 77Opp], V305  [77Opp], Magn61i VnO2n-1 
[70And1, 77Opp], VO2 [75Opp2], V6013 [75Oppl] ,  
and  V205 [66Tod, 77Dzi, 77Opp]. The  liquidus 
branches  were  located to pass  th rough  the  me l t ing  
points of  V [Melt], 5 [71Ale], V203  [73S1y], VO2 
[75Oppl] ,  and  V205 [86Fer], as well as the  (V) + ~ + L 
peritectic and ~ + L + 5 eutect ic  points  [71Ale]. Apar t  
f rom port ions n e a r  the  l a t t e r  pa i r  o f i n v a r i a n t s  [71Ale] 
and  on the VO2 liquidus [71Sui, 75Oppl ] ,  m o s t  o f  the  
liquidus curves  as d r a w n  are  speculat ive.  I n c o n g r u e n t  

mel t ing  of V305, the  Magn61i phases ,  and  VO2 was  
suggested [65Ro~; 70Andl ] ,  but  e x p e r i m e n t a l  evi- 
dence is lacking. 

Crystal Structures and Lattice Parameters 

The crystal  s t r u c t u r e s  and  la t t ice  p a r a m e t e r s  o f  the  
stable phases  are  l isted in Tab les  2 and  3, respectively,  
toge ther  wi th  those  o f  nonequ i l ib r ium p h ase s  for  
which such da t a  a re  avai lable .  T rans i t i ons  invo lv ing  
electrical and/or  m a g n e t i c  proper t ies ,  some  o f  techni-  
cal impor tance ,  occur  also wi thou t  c rys ta l lograph ic  
change in V305, the  Magn*l i  p h a s e s ,  and  possibly  
V205 [64Has,  73Kac].  The  c rys t a l  s t r u c t u r e s  o f  m o s t  
s table phases  a re  f i rmly  es tabl ished,  but  consensus  on 
7 and  5' appea r s  to be lacking.  
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Table 2 V-O Crystal Structure Oats 
Struktur- 

Composition, Pearson Spaoe ber lcht  
Phase at.% 0 symbol group designat ion Pro to type  Reference 

Stable phases 

iV) ................................ 0 to 17 ci2 Im~gn 
a'.  ................................ 8.1 to 11.7 t1216(a) 

.................................. 7.9 to 28.5 t12.5(b) 14/mmm 
13'. ................................ 13 to 22 t/76(c1 I4/mmm 
7 .................................. 30 to 35 mC20(d) C2/m 
5 ................................... 42 to 57 cF8 Fm~m 
5' • ................................ 64 to 56 t l l16  I41/amd 
l-V203(e) ....................... 60 mI20 I2a 
h-V203(13 ..................... 60.0 to 60.5 hRlO R~Jc 
1-V3Os(e} ...................... 62.49 to 62.52 raP32 P2/c 
h-V305(t3 ...................... 62.5 mi32 I2/e 
V407 ............................ 63.6 aP22 PT 
V~09 ............................ 64.3 aP28 P i  
V60 11 .......................... 64.7 aP34 P i  
V7013 .......................... 65.0 aP40 P i  
VsO 15 .......................... 65.2 aP46 P i  
t~VO2(e) ....................... 66.7 raP12 P2gc 
13VO2(13 ....................... 66.6 to 66.9 tP6 P42/mnm 
I-V6013(e) .................... - 68.4 raP38 P21/a 
h-V6013(13 ................... ~ 68.4 mC38 C2/m 
V307 ............................ ~ 70 mC120 C2/e 
V205 ............................ ~ 71.4 ot)14 Pmnm 

A2 W [Kingll  
. . . . . .  [75Hir21 
• .. [7LAIo] 
• .. V16()3 [73Hir] 

V1406 [75Hir1] 
B1 NaCI [70Banl 
• .. V52064 |70And2| 

[70Mcw| 
|28Z c] 

... V305 [80Asb] 

... [82Hon] 
• .. V4()7 |Pearson3] 
• .. V609 |Pearson3|  
... V6011 |Pearson3 
... V7013 [Pearson3| 
... V8015 [78Gan] 

VO2 [Pearson3| 
C4 TiO2 (rutile) [Pearson3] 
. . . . . .  [73Kaw] 
• . .  V 6 0 1 3  [48Aeb] 
... V307 [74Wall 
... V205 [50Bysl 

Other  Phases 

Martensite-A .............. tI*(g) 
Martensite-B .............. 6 to 6.7 tI*(g) 
e ................................... 22 to 28 mP* 
VOt.17 ........................... 64 
VgO 17 ........................... 65.4 aP52 
VO2-B .......................... 66.7 ti288(?) 
VO2-M2 ........................ 66.7 mC24 
VO2-T2 ........................ ~66 .7  tP6 
VO2--M3 ....................... 66.8 to 67.2 raP6 
VO2-M4(h) .................. ~ 66.7 mC24 
VOz-D .......................... 66.7 oP12 
V6013-C ...................... - 68.4 cP76(?) 
V6013-]:) ...................... - 68.4 mC38 
V409 ............................ - 69.2 oP52 
V40~-E ........................ 69.2 oP104(?) 
V205 ............................. 71.5 

6.7 to 8.6 ... L'2(?) Mar tens i te  |70Hen|  
L'2(?) Mar tens | re  |71Ale| 

t>2 l/c . . . . . .  [80Arb] 
I 4 1 / a  . . . . . .  |70And2| 
P1 ... V9017 [81Kuw] 

. . . . . .  |70Sat] 
C2/m [73Cha2] 

P42/mnm C4 TiO2 (futile) [73Cha2] 
P2/m . . . . . .  [73Cha2] 
C2/m . . . . . .  [76The| 
Pbnm ... HA102 (diaspore) |74Mull 

. . . . . . . . .  [70Sat| 
C2/m ... |68The|  

Pnma ... V4'()9 |70Will 
. . . . . .  V409 [77Gry] 
. . . . . .  Glass |67Ken] 

(a)At V80. (b)At V40. (c)At V1603. (d)At V703. (e)Below t ransformat ion temperature,  Tt,~. (f) Above The. (g)2  atoms V/unit  
cell. (h) Called VO2(B) by [76The]. 

Thermodynamics 
The  t h e r m o d y n a m i c s  of  oxygen  dissolved in  t he  (V), 13, 
a n d  7 phases  were  desc r ibed  by | 7 5 F r o | ,  [76Ste] ,  a n d  
[83Vas], a n d  those  of  the  phases  5, V203,  VO2, a n d  
V 2 0 5  were  rev iewed  by  [79Smi]  a n d  | 8 2 R a n | .  
C a l o r i m e t r i c  s t a n d a r d  e n t h a l p i e s  of  f o r m a t i o n  a re  
ava i l ab l e  for V305,  t he  Magndl i  phases ,  a n d  V6013  
[ 7 3 C h a l ] ,  b u t  the  l ack  o f  l o w - t e m p e r a t u r e s  h e a t  
capac i ty  va lues  r e q u i r e d  t h a t  e n t r o p y  v a l u e s  be ba se d  
o n  h i g h - t e m p e r a t u r e  e q u i l i b r i u m  d a t a  [75Vas, 80Vas]. 
S t a n d a r d  e n t h a l p y  of  f o r m a t i o n  a n d  e n t r o p y  v a l u e s  for 

V 3 0 7  w e r e  e s t i m a t e d  by  [80Vas].  Few re l i ab le  d a t a  a r e  
a va i l a b l e  expl ic i t ly  for  a', f~', a n d  5'. 

Cited References 

28Zac:  W.H. Zachariasen, "The Crystal S t ruc ture  of 
Sesquioxides and Compounds of the TypeABO3," Skrifter, 
Norske Videnskaps-Akad. Oslo, I, Mat-Nat .  KI. (4), 165 p 
( 1928 ). in  German.  (Crys S t ruc ture ;  Experimental)  

42Kle:  W. Klemm and  L. Grimm, "Knowledge of the Lower 
Vanadium Oxides," Z. Anorg. Allg. Chem., 250, 42-55 (1942) 
in German.  (Equi Diagram; Experimental)  
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Table 3 V-O Lattice Parameter Data at Room Temperature 
Composition,  Lattice parameter, nm 

Phase at.% 0 a b c Comment  Referenee  

Btable 

(V) .................... 0 0.30238 . . . . . .  At  25 °C [King1] 
a ' .  ..................... 8.9 1.2436 ... 1.7940 ... [75Hir2] 
13 ....................... 20.0 0.2970 ... 0.340 Cell w i t h  two V a t o m s  [71Ale] 
13'. ..................... 15.2 1.196 ... 0.6604 ... [73Hir] 
T ....................... 30.6 0.9507 0.2935 0.7695 [3 ffi 90.84 ° [ 75Hi r l ]  
5 ........................ 50.0 0.4070 . . . . . . . . .  [71Reu] 
5'  • ..................... 55.2 1.172 ... 0.8245 ... [70And2] 
l-V203(a) .......... 60.0 0.7255 0.5002 0.5548 ~ ffi 96.75 °, a t  -196  °C [70Mcw] 
h-V2Oa(b) ......... 60.0 0.49515 ... 1.4003 ... [70Der] 
l-V3Os(a) .......... 62.5 0.9859 0.50416 0.6991 [3 = 109.478 °, a t  25 °C {80Asb] 
h-V306(b) ......... 62.5 0.9846 0.50268 0.7009 [3 = 109.536 °, a t  185 °C [82Hon] 
V407 ................. 63.6 0.5504 0.7007 1.9243 a = 41.3 °, [3 ffi 72.5 °, ~ / =  109.4 ° [76Hor] 
V~O9 ................. 64.3 0.5470 0.7005 2.4669 a ffi 41.4 °, [3 ffi 72.5 °, ~/ffi 109.0 ° [76Hor] 
V6OII ............... 64.7 0.5448 0.6998 3.0063 a ffi 41.0 °, [3 = 72.5 °, ~/ffi 108.9 ~ [76Hor] 
V7013 ............... 65.0 0.5439 0.7005 3.5516 a ffi 40.9 °, [3 ffi 72.6 ~, ~/ffi 109.0 ° [76Hor] 
VsOI5 ............... 65.2 0.5432 0.6989 3.7078 a = 98.76 °, [3 ffi 128.39 °, T ffi 108-93° [78Gan] 
aVO2(a) ............ 66.7 0.575173 0.452596 0.538326 13 = 122.6148 °, a t  24.8 °C [79Kuc] 
[3VO2(b) ............ 66.7 0.455358 ... 0.234982 At  69.3 °C [79Kuc] 
l-V6O13(a) ......... 68.4 1.196 0.3713 1.007 [3= 100.9 °, a t - 1 9 6  °C [73Kaw] 
h-V6Ola(b) ....... 68.4 1.1922 0.3680 1.0138 [3 = 100.87 °, a t  20 °C [71Wil] 
V307 ................. 70.0 2.1921 0.3679 1.8341 ~ ffi 95.61 °, a t  20 °C [74Wall 
V206 ................. 71.4 1.1510 0.4369 0.3563 ... [61Bac] 

O t h e r  p h u e s  

Martensi te-A. . .  6.7 0.3034 ... 0.3096 c/a > 1, (c) [70Hen] 
Mar tens i te -B ... 6.7 0.3081 ... 0.3003 c/a < 1, (c) [71Ale] 
£ ........................ - 25 1.668 1.650 1.760 [3 ffi 90.3 ° [80Arb] 
VO 1.17 . . . . . . . . . . . . . . .  - -  54 2.608 ... 0.803 ... {70And2] 
V 9 O I 7  . . . . . . . . . . . . . . .  - -65 .4  0.5418 0.7009 4.5213 a ffi 39.3 °, [3 •74.50, ~/ -- 108.9 ° [81Kuw] 
VO2-B .............. - -  66.7 1.74 ... 0.864 ... [70Sat] 
VO2-M2 ............ - 6 6 . 7  0.9083 0.5763 0.4532 13 = 91.30 ° [73Cha2] 
V O 2 - T 2  . . . . . . . . . . . . .  ~ 66.7 0.4552 ... 0.2852 ... [73Cha2] 
VO2-M3 ............ 66.8 0.4506 0.2899 0.4617 ~ ffi 91.79 ° [73Cha2] 
VO2-M4 ............ - -66 .7  1.203 0.3693 0.642 13 = 106.6 ° [76The] 
VO2-D ............... - -  66.7 0.4899 0.9446 0.2916 ... [74Mull  
V6013-C ............ - 6 8 . 4  0.880 . . . . . . . . .  [70Sat] 
V6OI~-D ........... - -68 .4  1.19 0.367 1.01 ~ = 101 ° [68The] 
V409 ................. --  69.2 1.7926 0.3631 0.9396 ... [70Will 
V4Og-E ............. - 69.2 0.8235 1.032 1.647 ... [77Gry] 

(a)Below t r a n s f o r m a t i o n  t empe ra tu r e ,  Ttrs. (b)Above Tt,~. ( c )From re l a t i onsh ips  based on [71Ale] a n d  [70Hen] data .  

48Aeb: E Aebi, " P h a s e  Inves t iga t ions  in t he  Sys tem 
Vanadium-Oxygen and  the  Crysta l  S t r u c t u r e  of  V 1 2 0 2 6 , "  

Heir. Chim. Acta, 31{1), 8-21 (1948) in G e r m a n .  (Crys 
S t ruc tu re ;  E x p e r i m e n t a l )  

5 0 B y e '  A. Bys t r6m,  K.-A. Wilhelm(, and  O. Brotzen ,  
"Vanadium P e n t o x i d e - - A  Compound  wi th  Five-Coor-  
d ina ted  Vanad ium Atoms,"  Acta Chem. Scand., 4, 1119- 
1130 ( 1950 ). ( C ITs S t r u c t u r e ;  Expe r imen ta l )  

5 3 S e y :  A.U. Seybol t  and  H . T  Sums(on,  "Vanad ium-Oxygen  
Solid Solut ions ,"  Trans. AIME, 197, 292-299 (1953). (Equl  
Diagram;  Expe r imen ta l ;  # )  

55Roe:  W R e s t o k e r  and  A.S. Yanmmoto ,  "A C o n t r i b u t i o n  to  
t h e  Vanad ium-Oxygen  P h a s e  D i a g r a m , "  Trans. ASM, 47, 
1003-1017 (1955). (Equ i  D i a g r a m ;  E x p e r i m e n t a l ;  # )  

5 7 B u r :  A. Burdese ,  " R e s e a r c h  on  t h e  Oxide  C o m p o u n d s  o f  
V a n a d i u m , "  Ann. Chim., 47, 785-796 (1957) in  I ta l ian .  
(Equ i  D i a g r a m ;  E x p e r i m e n t a l  ) 

5 9 V o h .  E. Vol'f, S.S. Tolkachev,  a n d  I.I. Kozhina ,  " X - R a y  Dif- 
f r ac t i on  Inves t iga t ion  o f  Pe rox ides  of  T i t a n i u m  a n d  
V a n a d i u m , "  Vestn. Leningr. Univ., (10), Fiz. Khim., (2), 87- 
92 (1959.) in Russ ian .  (Crys S t r u c t u r e ;  E x p e r i m e n t a l ) .  
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61Baez H.G. Bachmann, ER. Ahmed, and W.H. Barnes, "The 
Crystal Structure of Vanadium Pentoxide," 7,. Kristallogr., 
116,110-131 (1961). (Crys Structure; Experimental) 

63Wuz S. Westman, "On the Lower Oxides of Vanadium," 
Acta Chem. Scand., 17(3), 749-752 (1963).(Equi Diagram; 
Experimental) 

64Hae: J. Haemers, "On the Electrical Conductivity of 
V203," Compt. Rend. Aead. Sci. (Pads), 269, 3740-3743 
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73Cha2: B.L. Chamberland, "New Defect Vanadium Dioxide 
Phases," J. Solid State Chem., 7, 377-384 (1973). {Meta 
Phases; Experimental) 

73Hi~. K. Hiraga and M. Hirabayashi, "LongRange Ordering 
of Interstitial Oxygen in Vanadium near V40," J. Phys. Soc. 
Jpn., 34(4), 965-972 (1973). (Equi Diagram, Crys Structure; 
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7381y: N.P. Slyusar', A.D. Krivorotenko, E.N. Fomichev, ,~A. 
Kalashnik, and V.R Bondarenko, "An Experimental Study 
of the Enthalpies of Vanadium Trioxide (V203) and Pen- 
toxide (V208) at High Temperatures," Zh. Fiz. Khim., 
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#Indicates presence of a phase diagram. 

V-0 evaluation contributed by HA. Wriedt, 148 Washington St., Pittsburgh, PA 15218. This work was supported by ASM INTERNATIONAL. 
Part ofthe literaturesearch was ~rovided bv ASM INTERNATIONAL. Professor J.F. Smithof Iowa State Univereitv kindlvsu~~lied biblionre~hic 
Inaterialand reprints. ~iterat- ~earched'throu~h 1986. Dr. Wriedt is the ASM/NIST Data Program category ~ d & r  for o ~ ~ ~ e n a & ~ i .  

The AI-Am (Aluminum-Americium) System 
By M.E. Kassner 

Lawrence Livermore National Laboratory 
and 

D.E. Peterson 
Los Alamos National Laboratory 

Aphase diagram is not available for this system, which Cited References 
was reviewed by [Moffatt]. Two intermediate phases 
have been verified-Ad2 by [76AldJ and A d 4  by 76Ald: A.T. Aldred, B.D. Dunlap, D. J. Lam, and G.K. Shinoy, 

[82Con]. Crystal structures for Am-A1 phases are "Crystal Structure and Magnetic Properties of Americium 

listed in Table 1, and lattice parameters are given in Laves Phases," Tmspa'utonium 1975, U! Miiller and R. 

Table 2. Lindner, Ed., North-Holland, Amsterdam, 191-195 (1976). 
(Experimental) 

82~ok: WX Conner, "Investigation of Americium - 421 Metal 
Alloys for Target Applications," Nucl. Znst. Methods, 200, 
55-66 ( 1982). (Experimental 

Table 1 Am-AI Crystal Structure Data 
Composltlon, Pearson Space Strukturbericht 

Phase at.% Al symbol group designation Prototype Reference 

........................ &n(a) 0 hP4 P68pnmc A3' d a  [Massalskil 
pAnl(b) ...................... 0 cF4 Fmsm A 1 Cu [Massalskil 
yAm(c) ........................ 0 cZ2 Zm3m A2 W [Massalskil 
AnAz .......................... 66.7 cF24 ~ d h  C15 CuzMg [76Ald] 

... ... AnA4 .......................... 80 (d) [82Conl 
Al ................................. 100 cF4 F A S ~  A1 Cu [Masealski] 
(a) Up to <769 "C. (b) From 769 to < 1077 "C. (c )  From 1077 to 1176 "C. (dl Orthorhombic. 

Table 2 Am-AI Lattice Parameter Data 
Compodtlon, Lattice parametera, nm 

Phaae at.% Al a b c Comment Reference 

&l ........................ 0 0.34681 ... 1.1241 At 25 "C [Massalski] 
pAm ........................ 0 0.4894 ... ... At > 769 "C [Maeealskil 

... ... ... Am ......................... 0 At > 1074 "C [Masealski] 
L 2  ...................... 66.7 0.7861 ... At 21 "C [76Ald] 
And4  ...................... 80 0.442 0.626 1.366 At 21°C [82Conl 

............................. A1 100 0.40496 ... ... At 25 "C [Masealski] 

Al-Am evaluation contributed by M.E. Kassner, Department of Chemietry and Mate* Science, Lawrence Livern~ore National Laboratory, 
Livermore, CA 94660 and D.E. Peterson, Materials Science and Technology Division, Loa Alanma National Laboratory, Lw Alamos, NM 87646. 
Thh work wao performedunder the auspices of the U.S. Department of Energyby the Lawrence Livermore National Laboratory under contract No 
W-7406-ENG-48. Literature searched through mid-1987. Dr. Kessner is the ASM/NISTDataProgramContributing Editor and Dr. Peterson is the 
ASM/NIST Data Program Category Editor for binary actinide alloya. 
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