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Metallic implants for 

orthopaedic surgery and 

dentistry
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Metallic materials for 

biomedical applications
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Crystallographic structure of metallic materials
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Classification of ferrous alloys



Cast irons

Steels

pearlite

Classification of ferrous alloys



• Crystallographic structure: BCC till 950°C, FCC till 1425 °C for carbon 

steels; FCC for most of the stainless steels 

• Density: 7900 kg/m³

• Average melting temperature: 1535 °C

• Linear thermal expansion coefficient (20÷100°C): 12.2 x 10-6 / °C

• Redox potential: -0.04 V

• Young’s modulus: 193÷200 x 109 Pa
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Steels - characteristics



Steels – mechanical properties



Stainless steels

• Stainless steels are iron-based 

alloys containing over 12-13% 

mass of chromium.

• Not corroded under an oxygen 

atmosphere, but can be 

corroded by body fluids.



• Crystallographic structure: HCP (α) till 880°C, BCC (β) above

• Density: 4500 kg/m³

• Melting temperature: 1680 °C

• Thermal conductivity: 17 W/m °C

• Linear thermal expansion coefficient (20÷100°C): 8.9 x 10-6 / °C

• Electrical conductivity: 3% IACS (copper 100%)

• Redox potential: +0.2 V

• Young’s modulus: 116 x 109 Pa

• Very high biocompatibility (especially in case of pure titanium)
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Titanium and titanium alloys –

characteristics



Titanium and titanium alloys –

classification



▪ Pure titanium CP
Titanium with addition of small quantity of interstitial elements

High corrosion resistance

Low-medium mechanical characteristics

▪ a alloys
Higher mechanical characteristics than pure titanium, but lower 

corrosion resistance 

Oxidation resistance till 300°-540°C

Thermal treatments not possible

▪ a+b alloys
High mechanical characteristics thanks to the possibility of carrying out 

thermal and thermo-mechanical treatments 

The most utilized titanium alloys, e.g. Ti6Al4V

▪ b alloys
The highest mechanical properties, but the least ductile

Strength-to-weight ratio lower than in case of a+b alloys

Titanium and titanium alloys –

classification



• Excellent mechanical properties

• Corrosion resistance higher than that of stainless steels

• Wear resistance higher than that of stainless steels and titanium alloys

• Plasticity and workability lower than that of stainless steels and titanium 

alloys
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Cobalt-chromium based alloys –

characteristics
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Magnesium alloys – characteristics

• Crystallographic structure: HCP 

• Density: 1740 kg/m³

• Melting temperature: 650 °C

• Thermal conductivity: 179 W/m °C

• Redox potential: -2.37 V

• Young’s modulus: 44 x 109 Pa

• Biodegradable metals

• Need to control degradation and corrosion inside the human body



Mostly used biomedical metal alloys


