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Imperfections - deformation and microstructures in polycrystals

7- On the hexagonal-close-packed
crystal structure

Hexagonal-close-packed (hcp)

Metals with an hcp structure:

* Zirconium, titanium, magnesium, zinc,
e-iron (P > 15 GPa)

Interest :

* Zirconium alloys(zircalloy) in nuclear
industry (fuel rods in nuclear reactors)

« Titanium alloys: airplane engines

* Magnesium: car industry (lighter than
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4 indices notation Direction examples (1) Direction examples (2)
Vectors a;, a- and as are equivalent and non-orthogonal to each other Practice: Practice:
« Definition of Miller indices on 3 non-orthogonal axes (a;, a: et ¢): [-1-120] [-2110] : [-1-120] ot [-2110] o : 10T0! an
can be used but will hide symmetry operations o O(iTO ed[' 0] an g
« Definition of Miller indices on 3 orthogonal axes (a;, Y et ¢) can be Pot the [2110] and [ ) h] Irect.10n|5 an
used but it is easy to use (loss or symmetry . [1120] directions g. ot 1er equiva ent
elements, difficult to correlate to the ¢ ! [o-110] [-1100] irections.
crystal structure). ) Al all other
Hence: 4 indices notation: / [ o equivalents
+ For planes: (hkil) avec h+k+i=0 ; R [1-210] [-12-10] [1-210] [-12-101  Also note
* h, k, and | are identical to those of 1 ! « For directions in the
the 3. |nd|;es notatlon_ A ] [1-100] basal plane: [hkiQ] is
* For direction: conversion between 3 and ¢ ' ' [01-10] orthogonal to the
4 indices is more complex AT (hki0) plane
- \l/Jv==(v%/u VI3V = @vu)/3 it =-uty) : a + Itis not true for (hkil)
= [uvtw] with u+v+t=0 planes if | # 0.
[11-20] [11-20]
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Basal and prismatic planes

Pyramidal planes

Stereographic projection
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(0001) (0170) (1120)
Basal plane Prismatic plane No name
{0001} : (00071) {0110} : {1120} :

(0170), (1100), (1010) 3 equivalents
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Pyramidal plane

{0171}:

6 equivalents
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C/a parameter

The c/a parameter is related to the compact nature of the structure
« True compact structure: c/a = 1.633
* The c/a parameter has a large influence on plastic deformation in
hcp metals

Métal cla

c/a>1.633 Qadmium Cd 1,886
Zinc Zn 1,856

Magnésium Mg 1,623
c/fa~1.633 Cobalt Co 1,623

Rhénium Re 1,615
Zirconium Zr 1,592
c/a<1.633 | Osmium Os 1589
Titane Ti 1,587
Béryllium Be 1,568
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Second order pyramidal plane
{1121}

6 equivalents
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Stereographic projection for hcp-Zn

Hexagonal sector: sufficient for
plotting inverse pole figures
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Z // [0001], perpendicular to the
basal plane

X/ [2-1-10], parallel to al

Y // [01-10], perpendicular to a
prismatic plane
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Barret & Massalski, Structure of Metals,
Permagon (1980)
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