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12. (a) The 3 dominant mechanisms are: work hardening, solid solution 
strengthening, and precipitation strengthening.  All of them work by providing 
“pinning points”- - obstacles which hinder dislocation motion.  Work hardening 
increases dislocation density, thereby creating entanglements of dislocations where 
they intersect.  Solid solution strengthening uses individual atoms distributed in the 
lattice to imp[ede dislocation motion.  Both substitutional and interstitual solute atoms 
perturb the atomic bonds in the lattice around them.  Slip between planes becomes 
difficult.  Precipitation hardening invovlves embedding obstacles of fine particles or 
compounds in the lattice.  Dislocatione encountering them on many slip planes are 
held up and under increasing stress they bow out between precipitates.  An applied 
shear stress forces the dislocation between these 2 obstacles.  Once a large enough 
stress is attained corresponding to a large enough bulge, the dislocation can easily 
expand further.  The dislocation escapes and yielding occurs.  Decreasing the spacing 
between 2 neighbouring precipitates results in a higher shear stress to bring about this 
phenomenon of dislocation bowing.  If dislocation loops are left round each of the 2 
precipitates, the effective spacing has decreased and an additional applied stress is 
necessary to get the second and subsequent dislocations to bulge through the gap. 
 
 (b) Cold rolled Al-Mn-Mg alloy are work hardened by the rolling process, 
and Mn and Mg gice solid solution hardening.  A 60-40 Cu-Ni alloy uses strong solid 
solution hardening.  Quenching and tempering a medium carbon steel forms finely 
dispersed precipitates of iron carbide giving effective precipitation strengthening.  
Alloy steels exploit solid solution strengthening and additional carbide precipitates. 
 

 (c) Other examples include:  
Work hardening: stainless steels.  Solid solution hardening: Cu-Zn brass and Cu-Sn 
bronzes, stainless steels, most casting alloys Mg, Zn, Al, Ti.  Precipitation hardening: 
alloy steels, tool steels, high temperature Ni alloys, “heat-treatable” Al alloys. 
 

 (d) To find the particle spacing, consider a cube of side length L* with a 
spherical particle of radius r at each corner.  Given the particle volume fraction 
(0.05), then: 
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Knowing the radius of the particle (0.04 μm), the particle separation (surface-to-
surface) distance L can be determined: 

* - 2  = 0.095 μm L L r=  

The yield strength σy of a polycrystalline material is related to the shear stress τy 
required to move a dislocation on a single slip plane by: 
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where G is shear modulus (26 GPa) and b is burgers vector (3×10-10 m). 
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Thus the total yield strength of the dispersion strengthened alloy will be given by: 
30 + 246 = 276 MPa 

 
(e) (i) If there is non-uniformity in precipitate spacing, those neighbour 

precipitates that are spaced furthest apart would allow segments of a dislocation to 
pass through more easily.  The effect would be that the alloy has a reduced yield 
strength. 

 
 (ii) Over time at elevated temperature particles would grow in size and a 
corresponding increase in spacing between neighbouring particles.  The yield stress 
would fall. 

 

Question 12(d) : solution corrected 02/05/11 
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