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Equilibrium Diagram 
Two in te rmedia te  phases, A1S and A12S3, exist in the A1-S 
system. The suggested A1-S phase d iagram,  shown in  
Fig. 1, is based essential ly on the work of [74For]. 

Pure A1 melts  at  660.452 ~ Pure  S, in the solid state, 
exists in two allotropic forms: (aS), stable up to 95.5 ~ 
and  (/~S), s t ab le  from 95.5 ~ to i ts  m e l t i n g  po in t  of 
115.22 ~ There was no systematic work on the determi- 

na t ion  of the A1-S phase d iagram prior to the work of 
[74For]. [40Mur] studied the action of S on A1 and A1 al- 
loys and suggested a tenta t ive  phase diagram (Fig. 2a) to 
explain their  results.  The main  features of the diagram 
suggested by [40Mur] are: (1) A1S melts  congruent ly at 
~2100 ~ (2) a l iquid miscibil i ty gap exists in the A1-A1S 
region, resul t ing  in a monotectic reaction at  ~ 1800 ~ and 
a eutectic reaction close to pure A1, and (3) A12S3 is formed 
by a peritectic reaction between liquid and A1S at 1100 ~ 
[42Vog] studied the A1-Fe-S system and reported a misci- 

Table 1 Special Points of the Assessed AI-S Phase Diagram 
I ' - - -  Compositions of the 

respective phases, Temperature, Reaction 
Reaction a t .% S ~ t y p e  R e f e r e n c e  

A1 ~ L . . . . . . . . . . . . . . . . . . . . . . . . .  0 660.452 
L1 m (AI) + aA]2S3 . . . . . . . . . . . . .  "" 0 60 -660 
TA12S3 m L . . . . . . . . . . . . . . . . . . . . .  60 
L1 + L2 ~ A1S . . . . . . . . . . . . . . . . .  ... -51 50 1060 
L2 ~ A1S + TA12S3 . . . . . . . . . . . . .  56 50 -59  1040 
AIS ~ L1 + TA12S3 . . . . . . . . . . . . .  50 -.. ~60 1010 
L2 ~ A12S3 + L3(?) . . . . . . . . . . . . .  �9 . . . . . . . . . . .  
L3 ~ aAl2S3 + (~S) . . . . . . . . . . . . .  ~100 60 ~100 -115 
(flS) ~ aA12S 3 + (aS) . . . . . . . . . . .  -100 60 -100 -95.5 
(BS) ~ L . . . . . . . . . . . . . . . . . . . . . . .  100 115.22 

Melting point [Melt] 
Eutectic [74For] 
Congruent point [51Fla1, 51Fla2, 52Fla] 
Syntectic [74For] 
Eutectic [74For] 
Catatectic [74For] 
Monotectic Suggested 
Eutectic Suggested 
Eutectoid Suggested 
Melting point [Melt] 

Fig. 1 Assessed AI-S Phase Diagram 
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bili ty gap in  the A1-S liquid extending from pure A1 to ~57 
at.% S and gave the mel t ing  point of AI~S~ as 1200 ~ 
[50Koh] suggested a different A1-S phase diagram, shown 
in Fig. 2b. They reported the mel t ing points of A1S and 
AI~S~ as 1200 and 1100 ~ respectively, a l iquid miscibil- 
ity gap in the A1-A1S region, and the decomposition of A1S 
to liquid A1 and Al~S~ below 950 ~ [Hansen] suggested a 
hypothetical A1-S phase diagram, shown in Fig. 2c, based 
on the diagram of [50Koh]. 

[74For] determined the A1-S phase diagram between A1 
and A12S~ by DTA and X-ray diffraction methods. They 
found A1S to be s table  be tween  1010 and 1060 ~ At 
1010 ~ A1S decomposed to liquid A1 and AI~S~, and at 
1060 ~ it melted to two liquids, L~ and L2 (Fig. 1). A eu- 
tectic reaction was found at Xs = 0.56 and 1040 ~ where 
the l iquid L2 decomposed to A1S and  A12S3. The phase 

equi l ibr ia  concerning the t ransformat ion  of A12S3 from the 
form to the -/form were not studied in  detail. In  view of 

the narrow homogeneous range  of aAl~S3, the t ransforma- 
t ion is t aken  to occur at  a s ingle tempera ture  of 1000 ~ 
This represents  a l imi t ing  case. More likely, the transfor- 
mat ion  takes place as T ~ L~ + ~ (Al-rich) at 1000 ~ and 
7 + L~ ~ ~ (S-rich) at  (1000 + ~) ~ 7 and ~ are separated 
by a two-phase field between these two temperatures.  

A12S~ is found in two allotropic forms: aA12S~, stable up to 
1000 ~ and ~/AI~S~, stable from 1000 ~ to its mel t ing  
point at 1100 ~ [51Flal ,  51Fla2, 52Fla]. [74For] found 
that  AleS~ can dissolve excess A1 and reported the compo- 
sit ion of A12S3 at the eutectic point  (1040 ~ to be ~59 
at.% S. 

The suggested phase d iagram (Fig. 1) is based essent ial ly 
on the work of [74For] between 0 to 60 at.% S, bu t  between 

Table 2 AI-S Crystal Structure and Lattice Parameter Data 
Composit ion,  Pearson Space Strukturbericht  V Lattice parameters ,  n m  

Phase  at.% S symbol  group designation Prototype a b c Comment  Reference  

(A1) . . . . . . . . . . . . . . . . . . .  0 cF4 F m 3 m  A1 Cu 0.40496 . . . . . . . . .  [Pearson2] 
aA12S3 . . . . . . . . . . . . . . . .  60 hP30 . . . . . . . . .  0.6423 -.- 1.783 --. [51Flail, 

[52Fla] 
flA12S3(a) . . . . . . . . . . . . .  60 (b) P63mc B4 ... 0.3579 ..- 0.5829 ... [Pearson2] 
7A12S3 . . . . . . . . . . . . . . . .  60 hRlO R 3 C  D51 aA1203 0.686 . . . . . .  a = 56016 ' [52Fla] 
A12S~(c) . . . . . . . . . . . . . . .  60 (d) I4~/amd . . . . . .  0.7026 ..- 2.9819 ... [70Don] 
Al~S~(e) . . . . . . . . . . . . . . .  60 (f) F d 3 m  . . . . . .  0.994 . . . . . . . . .  [73Ran] 
(aS) . . . . . . . . . . . . . . . . . .  100 oF128 F d d d  A16 aS 1.0465 1.2866 2.4486 ..- [Pearson2] 
(/~S) . . . . . . . . . . . . . . . . . .  100 mP48 P2~/a . . . . . .  1.092 1.098 1.104 fl = 83016 ' [Pearson2] 

(a)Stabte in the presence of AI~C~ between 1000 to 1100 ~ (b) HexagonaL (c)High pressure, formed at 2 to 65 kbar and I000 to 1200 ~ 
(d)Tetragonal. (e)High pressure, formed at 40 kbar and 400 ~ (f)Cubic. 

Fig. 2 Earlier Versions of the AI-S Phase Diagram 
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(b) 

Fig. 2 Earlier Versions of the AI-S Phase Diagram (continued) 
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60 to 100 at.% S it  is hypothetical  (suggested by the au- 
thors based on the knowledge of other meta l -sul fur  phase 
diagrams). Table 1 lists the inva r i an t  equi l ibr ia  in the 
suggested A1-S phase diagram. 

High-Pressure Phases. Two add i t iona l  h igh-pressure  
modif ica t ions  of AleS3 are  repor ted  in  the l i t e r a tu re .  
|70Don] reported a te t ragonal  modification with a struc- 
ture s imilar  to tha t  of flIneS3 when AleS3 was subjected to 
pressures of 2 to 65 kbar  at 1000 to 1200 ~ |73Ran] re- 
ported a cubic modification of AleS3 at 40 kbar  and 400 ~ 

Crystal Structures and Lattice Parameters 
Crystal s t ructure  and lattice parameter  data  for the differ- 
ent  phases present  in the A1-S system are given in  Table 
2. The crystal s t ructure  of A1S is not known. [52Fla] re- 
ported a form of AleS3 (referred to as flA12S3 in Table 2) 
stable between 1000 and 1100 ~ in the presence of A14Ce. 

Thermodynamics 

No thermodynamic data for the liquid phase were found in 
the l i terature.  174Mil] critically assessed the thermody- 
namic data for the AIS and AleS3 phases and his suggested 
values are summarized in Table 3. 

Vapor  P h a s e ,  AleS(g), A1S(g), and A12Se(g) species have 
been identified in the vapor phase [48Kle, 68Fic, 71Uy]. 
[61Pap], |66Mall, [68Fic], [69Kro], and [71Uy] determined 
the thermodynamic  properties of these species. [74Mil] 
cr i t ical ly  assessed these da ta  and  selected va lues  are 
given in Table 4. 179Hel] discussed methods for the prepa- 
ra t ion of aA12Se. 
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Table 3 Thermodynamic Data for AIS and AI2S 3 

Phase 

Enthalpy Entropy Heat capacity, 
(AH~ (SOs), (Cp), 
kJ/mol J/mol .  K J/mol �9 K 

A1S . . . . . . . . . . . . . . .  -265 -+ 40 
AleS3 . . . . . . . . . . . . .  -723 

(a)298 to 1300 K. From {74Mil]. 

42 _+ 10 ..- 
113 _+ 20 102.2 + 36.67 x 

10 e T(a) 

Table 4 Thermodynamic Data for AleS, AIS, and AleS2 

Species 

]- Enthalpy of dissociation 7 Enthalpy of formation 
(DO), (D~ Entropy (SOs), (A fH~ , 

kJ/mol kJ/mol J/tool �9 K kJ/mol 

AleS(g) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  709 717 275 
A1S(g) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  370 374 230.5 
AleSe(g) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1127 1140 286 

From [74Mil]. The symbols D ~ and D~ denote the energies of dissociation of the gaseous phase at 0 and 298 K, respectively. 

230.5 
239 
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