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Introduction

Aluminum

Magnesium

Benefits of Magnesium

•High stiffness to weight ratio
•High damping capacity
•Recyclable

Issues with Magnesium

•Lack of developed alloys
•Difficult forming
•Corrosion

Introduction

Powder Metallurgy
•Powder metal feedstock
•Near-net shape
•Essentially no chemical
limitations
•Growth in ferrous and Al
applications
•Mg P/M largely unexplored

Sintering of Metal
Powders

• Stages of sintering
»Point contact (A)
» Initial stage (B)
» Intermediate stage (C)
»Final stage (D)
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Surface Contaminants
on Metal Powders

•Metal core

•Surface layer
–Oxide?
– Hydroxide?
– Thickness?



2

Surface Contaminants

• Characterizing surface
layer
– Auger electron

spectroscopy (AES)
– X-ray photoelectron

spectroscopy (XPS)
– Secondary ion mass

spectroscopy (SIMS)

Surface Contaminants
and Sintering

•Dealing with the surface layer

– Thermo-chemical reduction
– Dissolve layer into metal
– Diffuse metal through layer
– Break layer

Surface Contaminants
and Sintering

•Thermo-chemical reduction
•Ellingham diagram

– Appropriate temperature, pressure
and atmosphere

– Addition of more reactive metal

Surface Contaminants
and Sintering

• Dissolve layer into metal

– Depends on oxygen solubility in metal
– Sintering preceded by incubation period

•Fe ~10 seconds
•Al ~ 100 days + (Estimate)
•Mg ~100 days + (Estimate)

Surface Contaminants
and Sintering

•Diffuse metal through layer
– Depends on diffusion rates and layer

thickness

5.25 x 10-243.01 x 10-12Mg
5.51 x 10-301.84 x 10-12Al
6.65 x 10-125.65 x 10-13Cu

DOx
m2 sec-1

DM
m2 sec-1

Surface Contaminants
and Sintering

• Break layer

– Create short-circuit
pathway for
diffusion through
cracks in layer

– Accomplished
mechanically or
chemically
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Mg Surface Contaminants

• When exposed to air,
MgO forms with Mg(OH)2
on the surface

• Thickness depends on
exposure time
– 1 min, 2.65 nm
– 7 days, 5.31 nm
– 7 years, 5.67 nm

XPS of Mg Surface

Mg Surface Contaminants

• Oxide layer is not
continuous

• Additional cracks
and pores form
during heating

Mg Sintering Strategies
(Thermo-chemical reduction)

• Hydroxide decomposes below sintering temperature,
layer is mainly MgO (Kipouros presentation)

• Addition of calcium to reduce MgO

Mg Sintering Strategies
(Increased sintering time)

• Pure Mg
• 600ºC
• 6 hours

• 95% Dense
• 65 HRH
• 75 MPa

Mg Sintering Strategies
(Alloying additions)

• Mg + 5wt% Sn
• 500ºC
• 40 min

• 96% Dense
• 61 HRH
• 54 MPa

Summary

• Chemistry of magnesium is haunting us!
• May be possible to reduce oxide with addition

of calcium
• Non-continuous oxide layer allows solid state

diffusion if crack is located at point contact
between particles

• Liquid phase allows diffusion through cracks
regardless of location
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