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Lecture 19: Zinc

MMat 380

Zinc

• General characteristics, uses
• Common alloys and additions
• Phase diagram
• Advantages to die casting
• Advantages and disadvantages of Zn in 

Engineering design
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Mechanical properties of wrought Zn alloys

Zn alloys: General Characteristics

• M.P. =  420oC
• ρ = 7.13 gm/cm3 

• TH = 0.42 @ RT (TH = T/Tmp (°K))
– Zn recrystallizes and creeps near R.T.
– Cannot be strain hardened significantly
– Applications for wrought Zn limited

• Crystal structure HCP
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Zn alloys: General Characteristics

• Industrial pure Zn: UTS = 110 MPa
• Alloying with Al 413MPa
• Ductile-brittle transition
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Applications of Zn

• Largest use: galvanizing: 52 45
– Dipping
– Electroplating

• Alloying element in brass 14 21
• Pressure die casting 23 15
• Other uses 11 19
• Very little wrought

USA World
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Applications of Zn

Architectural – Chan Centre

Common alloys

• Conventional based on hypoeutectic:
– Zn-4%Al composition
– High castability, easy finishing, good mechanical 

properties, freedom from intergranular corrosion

• Al added for:
– Strengthening
– Reducing grain size
– ↑ fluidity
– But: with 5% Al, Zn-Al eutectoid forms: brittle
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Zn-Al phase diagram

Zinc casting alloys: compositions



6

Zinc casting alloys: mechanical properties

Die Casting
• Major structural use of Zn
• Requires 99.99%+

– Need low content of Fe, Pb, Cd and Sn
– Otherwise unstable dimensions and properties

• If >0.007 Pb, 0.008 Cd or 0.005 Sn
– Cause “subsurface network corrosion”

• Steel die:
1. Close dimensional tolerances
2. Good surface
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Advantages of Zn die casting
1. Excellent physical and mechanical 

properties
2. Low material cost
3. Machines can operate up to18000 

cycles/hr, low m.p. and high fluidity
4. Close dimensional tolerance and uniformity 

– intricate design
5. Thin sections (to 0.015) easily cast
6. Surface can be painted, plated, sprayed 

etc. with little cost because of good surface

Wrought Zn alloys

• Limited use because:
1. Pure Zn ductile and creeps at R.T.
2. HCP structure

• Additions:
– Pb and Cd added to increase strength 

and ductility
– 0.5-1.5%Cu added to Zn to increase 

hardness, stiffness and creep resistance
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Advantages
of Zn alloys in engineering design

1. Die cast @ high rates 
– productivity

2. Near-net shapes of 
intricate design, close 
tolerances, good 
surface finish

3. Finishing: castings 
can be machined, 
bent, swaged or 
coined

4. Joinability: Can be 
riveted, welded and 
soldered

5. Corrosion resistance 
relatively good

6. Strength usually 
sufficient

7. Cost: competitive with 
Al and Cu

Disadvantages
of Zn alloys in engineering design

1. Insufficient strength/hardness above 
95oC

2. Relatively high density 7.1 g/cm3

3. HCP structure, limits plastic 
deformation


