
Chapter 9 – Precipitation Hardening: Lecture Outline  
 
 
 
Precipitation Hardening --- Background : 
 

Generally associated with aluminum-based systems: 
- e.g., 2024 Al, 6061 Al, 7075 Al, 7475 Al alloys 

 
Observed in many materials systems: 

- Fe alloys: Fe-C steels, low alloy steels, alloy steels, maraging 
steels 

- Ni alloys: superalloys (intermetallic phases) 

- Cu alloys: Cu-Be alloys 
- Ti alloys: Ti-6Al-4Al, Ti-6Al-2Sn-4Zr-6Mo 

 
Historical measures: 

- hardness vs. aging time curves 
- strength vs. aging time curves  

 
 

Process Procedures/Requirements : 
 

Steps in a precipitation hardening (age hardening) heat treatment: 
 
1. solution treatment 
 
2. quench 
 
3. age 

 
Purposes of each step: 
 

1. solution treatment – dissolve solute atoms into solid solution 
with solvent  atoms, single phase (ideally no second phase 
present) 

  
2. quench – maintain a single phase (supersaturated with solute 

atoms and excess vacancies) 
 
3. age – thermal activation to allow solute atoms to segregate 

(diffuse) to form a finely dispersed 2nd phase particles, which 
inhibit dislocation motion 
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Phase diagram interpretation of process: 
 

1. solution treatment – ideally must be able to obtain a single 
phase solid on heating (from a two phase solid field at room 
temperature) 

  
2. quench – rapid cooling to a two phase solid field must yield a 

supersaturated single phase state 
 
3. age – age in two phase solid field to yield a dispersion of 

submicron sized particles in a matrix 
 
• 

• 

• 

equilibrium interpretations helpful for steps (1) and (3), but 
step (2) means non-equilibrium conditions apply → non-
equilibrium phases probable 

 
single phase (high temperature) solid field must have 
decreasing solubility limit with temperature 

 
liquid phase must never be formed at any step in the process 

 
 
Control of hardness and strength via precipitation : 
 

1. Distance between precipitate particles – hardness/strength ↑ as d ↓ 
 
2. Size of precipitate particles – a submicron intermediate size is most effective; within 

this size range hardness/strength ↑ as size↓ 
 
3. Shape of precipitate particles – plate/disk shapes more effective than rod shapes 

which are more effective for hardening/strengthening than spherical shapes 
 
4. Volume fraction of precipitates – as Vf ↑ hardness/strength ↑ 
 
5. Type of precipitate/matrix interface – semi-coherent interfaces are more effective for 

hardening/strengthening 
 
6. Distribution of precipitate particles – best balance of properties achieved with a 

uniform distribution  
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