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Fig. 1. Bio-absorbable magnesium stent, Biotronik, Germany.1

Source : Erbel et al., 2007
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Table 2. Summary of photoresists used throughout the project.
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• Essential element
• Quantity in the human body: ~ 20 g
• Daily need for an adult: ~ 350 mg
• Involved in the synthesis of more than 300 enzymes

Biotronik AMS1:
• Length: 10 mm - 15 mm
• Weight of a 3 mm x 10 mm stent: ~ 3 mg
• Complete absorption: ~ 12 weeks

Mg + 2H2O Mg2+ + 2OH- + H2

Stents are sophisticated engineering tools commonly
used within the coronary arteries to help keep them fully
open. Not only do they act as tiny scaffolding blocks, but
they can act as advanced vectors for drug delivery,
directly to the arterial wall (Drug-Eluting Stent - DES).

Absorbable Metal Stents (AMS) are different to
permanent stents as they:
• Leave no stent behind after a period of time

-no chronic inflammation
-no need for a second operation to remove the stent

• Make later treatments of the same area easier
• No need for prolonged antiplatelet therapy

“Fix, heal and disappear!”

Metal Selection
& Preparation

Photochemical Machining Process

• Light weight - 1.74 g/cm3

(two thirds the density of Al)
• High strength to weight ratio
• High stiffness to weight ratio
• Castable
• Machinable
• Recyclable
• Biodegradable
• Biocompatible

Fig. 2. Pure magnesium metal
(1 mm thickness).

Fig. 3. (a) Cicada wing. (b) CAD file Cicada wing interpretation.
Source: (a) Northern Arizona University, 2009.

Fig. 4. Double-sided UV exposure

Table 1. The line widths on the phototool.

Fig. 6. Modified Alternative Turning Machine
“MAT Machine” (Zoom).

Fig. 8. Magnesium Cicada wing
(0.30 mm line width).Fig. 5. Development of Hydro-Solve resist.

This project successfully demonstrated the ability to photochemically
machine pure magnesium. A fast etch rate was observed (Fig.10)
due to the reactive nature of the material. Numerous parameters
controlled the etching process making it difficult to achieve uniform
intricate features. This preliminary study gained a greater
understanding of affecting variables, such as temperature, etchant
concentration, work piece orientation, metal thickness and etch rate.
The experimental work produced line widths of 0.15 mm (Fig. 13).
The Cicada wing created (to-scale), was later coated with a thin
transparent polymer coating (parylene), demonstrating its feasibility
for use as a novel magnesium MAV.
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Fig. 10. Shows the temperature increase measured
for various etch rates of AZ31B.

Fig. 9. Temperature vs. time graph showing different
volumes of 10% HNO3 solutions (0.8 mm AZ31B).

Fig. 12. Temperature vs. time graph of different thicknesses of
Mg alloy AZ31B at 10% HNO3 solutions

(1.2 mm line width).

Fig. 11. Temperature vs. time graph showing the difference in
fresh / re-used 10% HNO3 solutions
(1.0 mm metal, 1.2 mm line width).

Mg Properties

Mg Applications
• Alloying element with Al
• Aerospace
• Electronic devices
• Micro Air Vehicles (M.A.V’s)
• In vivo devices (Stents)

What is a Stent? Mg in the Human Body

Fig. 13. A light microscope image
of the magnesium surface.

0.15 mm line width.
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Fig. 6. Modified Alternative Turning Machine
“MAT Machine” (Full).


