ENG 45 Lab #4

Recovery, Recrystalization, and Grain Growth

Definitions (and examples):

1. annealing – heat treatment (time and temperature)

2. cold working – plastically deforming (reshape with a hammer or bend at relatively cold temperature)

3. grain – single crystal (bcc, fcc)




Note: grain structure

unstable grain boundaries 



Different material properties can be obtained by varying the treatments applied to the material, i.e. the rates and magnitudes of heating, cooling, and working the material. 

Example: cold working with rollers 

1. Process – what is done


initial condition




final condition

random grain order
more order grain organization: grains become elongated in direction of rolling

cross-sectional area: A0
cross-sectional area: Af
percent cold worked: 
%cw  = (Ao – Af)/Ao * 100 

2. Microstructure





Grain elongated as a result of rolling

1. increased energy (  increased instability

2. increased defects

3. Properties
1. increased hardness (because of increased number of defects)

2. increased UTS (ultimate tensile strength

Generalized plot of U.T.S. and hardness versus percent cold working




Note: not to scale

Heat Treatment of cold worked material – three ‘outcomes’ based on temperature - time parameters

1. Recovery

2. Recrystalization

3. Grain growth

Recovery 

1. process – moderate heat

2. microstructure – decrease the number of defects

by adding heat, provide energy needed (perturbation) to allow more atomic motility from a high energy state to lower energy state – i.e. fewer defects


3. properties

decrease hardness

decrease UTS

 Recrystalization

1. process – heat to 1/3 to 1/2 melting temperature

2. microstructure – number of defects (big decrease)

· new grain formation at grain boundary – a high stress region 

3. properties – hardness and UTS (big decrease)

Grain Growth

1. process – raise temp above recrystalization temperature and/or increase the time at the higher temperature

2. microstructure – grains fuse ( more stable because fewer unstable grain boundaries


3. properties – little change in properties from recrystalization properties

Plot of mechanical properties versus annealing temperature




where TR is the recrystalization temperature (approximation).

Recall:  recrystalization ( large decrease in hardness and U.T.S.

Summary

Microstructure:


LAB

Pool all data

six 70/30 brass specimen annealed at different temperatures

Goal: 
to determine/examine variation in hardness and mechanical properties as a result of annealing

Determine: 
yield strength

Young’s  modulus, 

UTS, 

ductility, 

modulus of toughness,

hardness (scale values to make meaningful comparisons), 

estimate of recrystalization temperature
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from above information, estimate recrystalization temperature

Next lab:

Quiz

Bring disk, safety glasses, and closed-toed shoes
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Heat treatment of cold worked material
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