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By the end of this lecture, students will be able to:

• Define the concept of precipitation strengthening and its role in 

enhancing material strength.

• Describe the process of nucleation and growth of precipitates within a 

metal matrix.

• Explain the influence of aging time and temperature on the size, 

distribution, and effectiveness of precipitates.

• Differentiate between under-aged, peak-aged, and over-aged 

microstructures.

• Interpret hardness-aging curves and relate them to microstructural 

changes.

• Apply the principles of precipitation strengthening to real-world alloy 

systems such as Al-Cu and steels.

• Identify factors that control the effectiveness of precipitate 

strengthening, including coherency, particle spacing, and interaction 

with dislocations.

Learning Objectives
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❑ Higher temperature  less time of aging to obtain peak hardness

❑ Lower temperature  increased peak hardness

 optimization between time and hardness required
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A complex set of events  

are happening  

parallely/sequentially  

during the aging process

→ These are shown  

schematically in the

figure
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Increasing size of precipitates with increasing interparticle (inter-precipitate) spacing  

Interface goes from coherent to semi-coherent to incoherent

Precipitate goes from GP zone → ’’ → ’ →
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