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Maximum grade: 15 points - Maximum time: ½ hour 

Name       Student Number: 
 
Aluminum-calcium alloys are being used in the production of metallic foams for heat dissipation and shock 
absorbing mechanisms. For the following Al-Ca equilibrium phase diagram respond to the following 
requests: 

a) Indicate the liquidus, solidus and -if any- solvus lines 
b) Identify (indicate which type) and label ALL invariant (isothermal) transformations in the diagram 
c) Identify all intermediate phases present and provide their chemical formula. 
d) For the alloy containing 27.3 wt.% Ca – 72.7 wt.% Al (exactly on that vertical line) calculate the 

relative amounts of phases present and their chemical compositions at 800ºC and at 616ºC. 
 

 
 
a) Indicated in the graph: liquidus                  solidus            There is no visible solvus line. 
b) Three horizontal lines in the graph are isothermal transformations.  
   Peritectic at 700ºC  Al2Ca + Liq. ↔ Al4Ca 



 

Continue your work on the back of the paper 

   Eutectic at 616ºC   Liq. ↔ Al4Ca +Al 
   Eutectic at 545ºC   Liq. ↔ Al2Ca +Ca 
 
c) There are two intermediate phases (line compounds) at 27.3wt.% Ca (20 at.% Ca) and at 42.7 wt.% Ca 
(33.33 at.% Ca). Their corresponding chemical formulae are: Al4Ca  (20 at.% Ca, 1/5 moles are Ca) and 
Al2Ca (⅓ moles are Ca). 
 
d)  For the alloy containing 27.3 wt.% Ca – 72.7 wt.% Al  
at 800ºC:  
 
Chemical composition:  Liq.: 19.5 wt.% Ca, 81.1 wt.% Al 
    Al2Ca:  42.7 wt.% Ca, 57.3 wt.% Al 
 

Relative amount of phases:   Liq.% = 42.7-27.3
42.7-19.5  ·100 = 66.4% 

     Al2Ca:% = 27.3-19.5
42.7-19.5  ·100 = 33.6% 

 
at 616ºC. 
 
Chemical composition:  Al4Ca.: 27.3 wt.% Ca – 72.7 wt.% Al 
 
Relative amount of phases:   Al4Ca:% = 100 % (everything is Al4Ca on that vertical line) 
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Magnesia-doped erbia is being used in multilayered capacitors for their high dielectric constant. For the 
following Er2O3-MgO equilibrium phase diagram respond to the following requests: 

a) Indicate the liquidus, solidus and -if any- solvus lines 
b) Is erbia or magnesia polymorphic? Justify your answer. 
c) Identify (indicate which type) and label ALL invariant (isothermal) transformations in the diagram 
d) For the ceramic containing 20 mol.% MgO –80 mol.% Er2O3 calculate the relative amounts of 

phases present and their chemical compositions at 2200ºC. Then sketch the cooling curve for this 
composition starting at 2500ºC (you should do this at the proper temperature scale) 

 

 
a) Indicated in the graph: liquidus                  solidus               solvus 
b) Erbia is polymorphic: at 2310ºC it goes from one crystal structure α to another one β (upon cooling). 
c) Two horizontal lines in the graph are isothermal transformations.  
   Metatectic at 2280ºC  α. ↔ β + Liq. 



 

Continue your work on the back of the paper 

   Eutectic at 2130ºC   Liq. ↔ β+ γ  
 
d) There are two intermediate phases (line compounds) at 27.3wt.% Ca (20 at.% Ca) and at 42.7 wt.% Ca 
(33.33 at.% Ca). Their corresponding chemical formulae are: Al4Ca  (20 at.% Ca, 1/5 moles are Ca) and 
Al2Ca (⅓ moles are Ca). 
 
d)  For the ceramic containing 20 mol.% MgO –80 mol.% Er2O3 
at 2200ºC:  
 
Chemical composition:  Liq.: 3 mol.% MgO, 97 mol.% Er2O3 
    β:  39 mol.% MgO, 61 mol.% Er2O3 
 

Relative amount of phases:   Liq.% = 20-3
39-3  ·100 = 47.2% 

     β % = 39-20
39-3   ·100 = 52.8% 

 
The cooling curve is indicated by the phase diagram.  For each crossing of an isothermal transformation 
there is a flat segment (isothermal). 

 







Please respond to the following requests:
a) Indicate the liquidus, solidus and -if any- solvus lines
oi toentity (indicate which type) and label ALL invariant transformations in the diagram

.i ldentify all intermediate phases (or compoY$.:) present'

Oj laOet Att regions in the phase diagram with.the corresponding phases present'
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