Lab #3
Equilibrium Phase Diagrams

Background  ------

Definitions

Phase – chemically and structurally homogenous portion of microstructure e.g. a solid solution 

Component – distinct chemical substance which makes up the phase (element or compound) e.g. copper and nickel 

Phase Diagram – any graphical representation of the state variables associated with microstructures; map of the different possible phases at a given temperature and pressure

State variables – variables which can influence microstructure, e.g. temperature, pressure, and composition (i.e. the ratio of components)

Engineers can alter and set the state variables to establish a particular microstructure – and thereby influence the mechanical properties of the material. 

Equilibrium phase diagrams – everything in equilibrium conditions, i.e. stable state (temperature, pressure, etc.) – all chemical reactions are complete

 Phase Diagrams

Example: H2O – one component phase diagram
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Can use the phase diagram to determine how to go from one phase to another – 

e.g.
1. From A to B without a liquid phase

2. From A to B with a liquid phase

Two component phase diagram – two completely soluble components
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liquidus – line above which everything is liquid

solidus – line below which the system is solid

[image: image3.wmf]Binary Eutectic Phase Diagram

for Bi - Sn

0

50

100

150

200

250

300

0

10

20

30

40

50

60

70

80

90

100

Weight Percent Bismuth

Temperature degrees C

[image: image4.wmf]Binary Eutectic Phase Diagram

for Bi - Sn

0

50

100

150

200

250

300

0

10

20

30

40

50

60

70

80

90

100

Weight Percent Bismuth

Temperature degrees C


tie line – horizontal line connecting the two phase compositions

Lab-----------

Phase Diagram for bismuth and tin (Bi-Sn) – (a binary system)

Melting points

100% Bi

271 degrees C

100% Sn

231 degrees C

50/50 Bi-Sn

139 degrees C
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There is a melting point depression with impurities – 

What happens when you add salt to water?

Why add anti-freeze to your car?




Key points:

1.  Melting points of pure compounds

2.  Melting point of eutectic (L ( S)

3.  Phase fields


i)


 – Sn with Bi impurities (bct)


 – Bi with Sn impurities (rhombic)


ii) field composed of phases to left and right (middle region)

4.  Liquidus and solidus

5. Solubility limit – if you increase the %Bi at constant temp in the Liquid phase, then you get  precipitate – e.g. sugar in water

6. Grain structure


Phase percentages and compositions

Tie line – Lever rule

Given a state (%Bi and temp) can find percent phase composition and L composition

For example 1500 C and 20% Bi

Horizontal line intersecting L and S

Finish            

Example: steel  - 

freeze a lock and it becomes brittle – goes into a new phase. Lock maker needs to account for these conditions when selecting materials for locks.

Slow vs. fast cooling

Control material properties by processing methods

Composition curves


Temp 0C





Pressure





1 atm





100





0





Gas





Liquid





Solid





Triple point – three phases





Equilibrium lines – both phases
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