
Au-Mo 
Au-Sr 

Table 5 Thermodynamic Properties of the Au-Mo 
Alloys 

G~ fcc) - G~ bcc) = (1190 + 3.6T)R 
-(G~ bcc) - AH~ = 1.933 - 3.30 x 10 5T + 

3.15 x 10-ST 2 -  1.068 
x IO-ltT3(AH/R - 4298 K 
at the melting point, AH/R = 
5 326 K at 627 ~ 

G~*~ = 11 O00RX~o (infinitely dilute solute standard state of 
Mo in fcc Au) 

G.~i'o = 2450RXAu (infinitely dilute solute standard state of 
Au in liquid Mo) 

From [80Bre]. 
Note: R is the gas constant 8.314 J/mol - K. 

paramete rs ,  bu t  are reported as s implif ied or approxi- 
mated by [80Bre]. These boundaries  are accepted in Fig. 1 
as a good r e p r e s e n t a t i o n  of the  e q u i l i b r i u m  d iagram.  
Fur ther  exper imental  studies on both thermodynamic pro- 
perties and phase boundaries  are needed for confirmation. 
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The Au-Sr (Gold-Strontium) System 
196.9665 87.62 

Equilibrium Diagram 
The assessed phase diagram for the Au-Sr system (Fig. 1) 
is essent ial ly the same as tha t  of [Elliott], which is based 
on the work of Fel ler-Kniepmeier  and Heumann  [60Fell. 
The equi l ibr ium phases are: (1) the liquid, L; (2) the ter- 
mina l  fcc solid solution, (Au), with very small solubility 
of Sr; (3) the t e rmina l  bcc solid solution,  ( f lSr) - -des ig-  
nated (~/Sr) in [ P e a r s o n 2 ] - - w i t h  u n k n o w n  solubil i ty of 
Au; (4) the t e rmina l  fcc solid solution, (aSr), with very 
sma l l  s o l u b i l i t y  of Au and  s t a b l e  below 547 ~ a nd  
(5) several  in te rmeta l l ic  phases - -  AusSr, Au2Sr, AuSr3, 
AuSr9, (AuSr)  - -  and  phases  deno ted  by [60Fel l  as fl 
and ~. 

Alloys were prepared by [60Fell in corundum crucibles in 
an argon a tmosphere  (up to 20 a tm for high-Sr alloys) 

By C.B. Alcock and V.P. Itkin 
University of Toronto 

and 

H. Okamoto* and T.B. Massalski 
Carnegie-Mellon University 

from 99.99% Au and Sr tha t  was redisti l led several times 
(Sr ini t ia l ly contained 1.2% Ca). The compositions of the 
alloys were determined by chemical analysis.  The phase 
boundar ies  were s tud ied  m a i n l y  by t h e r m a l  ana lys is .  
Other methods were also u s e d - - d e n s i t y  measuremen t s  
(for six alleys), specific resistance (<31 at.% Sr), micro- 
hardness (15 to 19.5 at.% Sr), microstructure observation, 
and X-ray analysis.  

Special points in the assessed phase d iagram are summa- 
rized in Table 1. Addi t ional  informat ion  on each phase 
follows. 

*Present address: Lawrence Berkeley Laboratory, B77G, Berkeley, CA 
94720. 

(Au) Terminal Solid Solution. The melting point of pure 
Au is 1064.43 ~ IMelt]. The liquidus from the position of 
the mel t ing  point  of Au in the d iagram of [60Fell goes 
down to the eutectic point  (890 ~ and 7 at.% Sr) almost 
as a straight l ine with a slope of about - 2 5  ~ As- 
suming  immisc ib i l i ty  of Sr in (Au) and us ing  13 000 J/ 
tool for the heat  of fusion of Au 183Cha], the ini t ia l  slope 
of the l iquidus is - 11 .7  ~ 
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Au-Sr 

Fig. 1 Assessed Au-Sr Phase Diagram 
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Table 1 Special Points in the Au-Sr Phase Diagram 
T - -  Compositions of the I 

respective phases ,  
at.CA Sr Reaction 

Temperature,  Reaction 
~ type 

L ~ (Au) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
L ~- (Au) + AusSr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 0 15.7 
L ~ AusSr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16.7 
L ~- AusSr + Au~Sr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.5 16.7 33.3 
L ~ A%Sr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33.3 
L ~ Au2Sr + (AuSr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44.0 33.3 51.5 
L ~ (AuSr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51.5 
L + (AuSr) ~-/3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 54 59 
L + f i ~ - y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 60 63.5 
fl ~- (AuSr) + 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 53.5 61 
L + y ~- AuSr 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 71.5 75 
L ~ AuSr3 + AuSr9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81.5 75 90 
L + (flSr) ~ AuS% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 100 90 
L ~- (flSr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10O 
(flSr) ~- (aSr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

(a) From [Melt]. (h) From [83Cha]. 

1064.43(a) Freezing 
890 Eutectic 

1040 Congruent 
875 Eutectic 

1085 Congruent 
850 Eutectic 
970 Congruent 
770 Peritectic 
750 Peritectic 
725 Eutectoid 
590 Peritectic 
520 Eutectic 
640 Peritectic 
769(a) Freezing 
547(b) Allotropic 

The  cons ide r ab l e  d i f f e r ence  b e t w e e n  t h e  m e a s u r e d  and  
e s t i m a t e d  v a l u e s  ind ica tes  t h a t  the  shape  of  t he  l iqu idus  
b e t w e e n  A u  a n d  t h e  e u t e c t i c  p o i n t  in  t h e  d i a g r a m  of  
[60Fel]  m a y  be wrong .  T h e r e f o r e ,  t h i s  p a r t  of  t h e  dia-  
g r a m  is shown by a dashed  l ine  in Fig.  1. 

(AuSr), fl, and y Phases. [60Fel] r epor t ed  a phase  w i t h  
a p p r o x i m a t e l y  e q u i a t o m i c  compos i t i on ,  w h i c h  was  de- 
noted  a. [60Fel] s t a t ed  t h a t  t he  resu l t s  of  t h e r m a l  ana ly -  
s i s  for  a l l o y s  w i t h  m o r e  t h a n  55 a t . %  S r  w e r e  p o o r  
because  of the  s m a l l e r  t h e r m a l  effect. As a resu l t ,  t he  Sr- 
r ich por t ion  of the  phase  d i a g r a m  is more  u n c e r t a i n  t h a n  
the  Au- r ich  side. There fo re ,  t he  phase  bounda r i e s  of a,  fl, 

and 7 were  s tud ied  add i t i ona l l y  by q u a l i t a t i v e  mic roana l -  
ysis and X-ray  analys is .  

Fo rnas in i  [85For] syn thes i zed  A u S r  and  s tudied  it  by sin- 
gle c rys ta l  and powder  m e t h o d s  (Tables  2 and 3). Based  
on t h i s  i n f o r m a t i o n ,  t h e  a p h a s e  h a s  b e e n  r e n a m e d  
" (AuSr)" ,  and  i ts  A u - r i c h  b o u n d a r y  has  been  m o v e d  to 
t h e  l e f t  to t h e  m o r e  p r o b a b l e  p o s i t i o n  s h o w n  by  t h e  
dashed l ine.  

L ~- AuSr~ + AuSr9 Eutectic Reaction. The  da ta  po in t  a t  
- 8 2 . 5  at .% Sr  and 560 ~ is shown as hypoeu tec t i c  in t he  
or ig ina l  phase  d i a g r a m  of [60Fel],  wh ich  b r ings  about  a 
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Au-Sr 

Table 2 Au-Sr Crystal Structure Data 

Homogeneity ,  Pearson Space Strukturbericht  
Phase  at.% Sr symbol  group designation Prototype Reference 

(Au) . . . . . . . . . . . . . . . . .  0 cF4 Fro3 m A 1 
Au~Sr . . . . . . . . . . . . . . .  15.7 to 16.7 hP6 P 6 / m m m  D2~ 
Au2Sr . . . . . . . . . . . . . . .  33.3 oi12 I m m a  ... 
(AuSr) . . . . . . . . . . . . . . .  50 to 54 raP40 P21/m ... 
(flSr) . . . . . . . . . . . . . . . .  100 cI2 I m 3 m  A2 
(aSr) . . . . . . . . . . . . . . . .  100 cF4 F m 3 m  A1 

(a) New stacking variant of the FeB-CrB type with Jagodzinski notation hch2ch2chc. 

Cu [King1] 
CaCu~ [60Fell 
CeCu2 [70Bru, 82Bru] 
(a) [85For] 

W [King2] 
Cu [Kingl]  

Table 3 Au-Sr Lattice Parameter Data 

Composit ion,  I Lattice parameters,  nm - - I  
Phase  at.% Sr a b c Comment  Reference 

(Au) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Au~Sr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15.7 to 16.7 
Au2Sr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33.3 
(AuSr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 to 54 
(flSr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
(aSr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

(a) Lattice parameters as measured for the pure elements. 

0.40784 . . . . . .  (a) [King 1] 
0.563 . . .  0.462 . . .  [60Fell 
0.4700 0.7489 0.8234 . . .  [70Bru] 
4.013 0.4697 0.6192 fl = 94.21 ~ (b) [85For] 
0.487 . . . . . .  (a) [King2] 
0.6084 . . . . . .  (a) [Kingl] 

(b) Lattice parameters as measured for the composition 50 at.C~ Sr. 

thermodynamical ly  improbable  L/[L + AuSrg] liquidus 
form. Therefore, this point is regarded as hypereutectic 
in Fig. 1. Consequently, the L ~ AuSr3 + AuSr9 eutectic 
composition is est imated to be 81.5 at.% Sr, instead of 
-83.5 at.% Sr in [60Fell. 

(flSr) Terminal Solid Solution. The melting point of flSr 
and the fiSr ~-~ aSr  t ransi t ion t empera tu re  are 769 ~ 
[Melt] and 547 ~ [83Cha], respectively. [60Fell observed 
the melting point of their distilled Sr at 758 ~ which in- 
dicates the presence of impuri t ies  and/or supercooling 
during the rma l  measu remen t s  of this highly volati le 
metal. The initial slope of the liquidus is -2 .8  ~ ac- 
cording to the diagram of [60Fell, whereas a thermody- 
namic  e s t i m a t e  is - 1 2 . 1  ~ us ing  7431 J /mol  
[83Cha] for the heat  of fusion of Sr. This difference in 
values of initial slope indicates some solubility of Au in 
(flSr). 

Crystal Structures and Lattice Parameters 
Crystal structure and lattice parameter  data of the Au-Sr 
system are listed in Tables 2 and 3, respectively. 

Thermodynamics 
The initial slopes of the L/[L + (Au)] and L/[L + (fiSr)] liq- 
uidus boundaries are discussed in the "Equilibrium Dia- 
gram" section. Butler and Alcock [85But] investigated 

the Au-Sr alloy containing 20 at.% Sr by Knudsen cell 
mass spectrometry. The ratio of the activity coefficients 
~s,./~Au increases with t empera ture  from 2.1 • 10 ~ at 
1600 K to 6.6 • 10 -5 at 1700 K. 
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