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MOTIVATION
• Magnesium has a high
specific strength and is
biocompatible making it
attractive in light-weighting
applications and medical
implants.
• However, magnesium has a
poor overall strength
• Metals can be strengthened
by grain refinement →
increasing the number of
barriers to block defect
motion.
• But, magnesium grains
tend to grow at low
homologous temperatures.
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Material

Tensile
Strength
(Mpa) [4]

SS 304

505

8.00

Titanium

344

6061-T6
Al Alloy
Mg Alloys

[3]

[2]

[1]
Density Specific Strength
(g/cm3) [4]
(kN-m/kg)

Commodity
Price/lb [5]

Abundancy
(Crust / Ocean) [6]

63.1

$0.04
(Iron Ore)

Fe
Crust: 4th/Ocean: 27th

4.51

76

$4.13

Ti
Crust: 9th/Ocean: 32nd

310

2.70

115

$1.15

Al
Crust: 3rd/Ocean: 24th

275

1.74

158

$2.15

Mg
Crust: 6th/Ocean: 5th

Fast Sintering
Joule heating to sinter quickly,
with a peak temperature hold
time of only 5 minutes.
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• Mg and YH2 powders are
cryomilled to mix, and
refine grain structure and
particle size.
• Spark plasma sintering
(SPS) is used to sinter
quickly.

Refined Powders
Particle size of
63μm -125μm,
and grain sizes on
order of 100’s of
nanometers.
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RESULTS
• Grain size is compared at
various sintering conditions
• Grains grew from ~1μm at
350ºC to ~4μm at 425ºC.
• In contrast, pure
magnesium grains grew to
~27μm at 425ºC.
• XRD analysis shows no
contamination from
cryomilling or SPS
processing.
• TEM images show YH2
particles at grain
boundaries with the
boundaries bowing around
them.

DISCUSSION
• Keeping grain refinement
(achieved in earlier
processing steps) during
sintering is difficult as grain
growth in magnesium is
prevalent even at room
temperature, and has a
recrystallization
temperature ~420ºC.
• The YH2 particles exert a
Zener pinning force on the
grain boundaries acting as
additional barriers for grain
boundaries to bow around
for continued growth.

FUTURE WORK
• Refining the YH2 particle
size and increasing the
volume fraction to exert a
higher Zener pinning force
in order to maintain
nanostructured magnesium.
• Analyze the plasticity
mechanisms present in
nanocrystalline magnesium.

TEM-BF image showing YH2 particles
pinning grain boundaries, slowing grain
growth
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Grain size grows from ~1μm to ~3μm to ~4μm at
sintering temperatures of 350ºC, 375ºC and 425ºC
respectively.
When comparing to pure magnesium sintered at 425ºC
which exhibits a grain size of ~28μm, the YH2 particles
pin effectively.
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TEM images show grain boundaries bending around
YH2 particles which is indicative of the Zener pinning
effect.

Increase the Zener pinning
force to achieve
nanostructured magnesium.
• Smaller pinning
particles
• Increased pinning
particle volume fraction
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XRD doesn’t show evidence of any contaminants from
the processing conditions, and confirms that there is
little to no solid solutionizing of yttrium.
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