
The Novel Production and Characterisation of Bioactive Glass Derived Coatings 
Timothy Marriott1, David Grant1, Colin Scotchford1, Gavin Walker1 and Dennis Teer2, Sue Field2. 

1. The University of Nottingham, Nottingham, UK 2. Teer Coatings Ltd, Droitwich, UK 
Statement of Purpose: Since the discovery of bioglass in 
1969[1] there has been a desire to find a load bearing use 
for the material. Despite the exceptional bone bonding 
properties, the low fracture toughness (0.9MPam-1/2) and 
bending strength (86MPa) of the material have prevented 
its use in many applications. 
This has lead to investigations into producing bioglass 
coatings upon tougher metallic substrates. Previous 
methods that have been used to produce bioglass coatings 
upon metallic substrates have been enamelling, plasma 
and flame spraying, laser ablation and electrophoretic 
deposition. These processes however exhibit poor 
adhesion and microstructural control [2-4]. 
To improve these properties a process of RF plasma 
assisted magnetron sputtering has been used to deposit 
bioglass coatings upon Ti substrates. 
Methods: Bioglass targets of bone bonding composition 
(in accordance to Hench’s compositional diagram for 
bone bonding [1]) were produced in house for use within 
a closed field unbalanced magnetron ion plating 
system(Teer Coatings Ltd. UK). Deposition was carried 
out using a range of conditions in order to achieve the 
best composition upon a titanium substrate. These 
coatings were assessed using a range of techniques; SEM, 
TEM, EDX, XPS, AFM, and XRD. 
Coating stability was assessed by incubating samples 
within deionised water for a period of time monitoring the 
Ca ion release into solution with a selective ion probe and 
through the use of ion chromatography (IC). The surfaces 
after dissolution were assessed using XPS in order to 
determine a more complete understanding of the 
dissolution process. 
Results: Initial EDX analysis of the coatings showed a 
composition that lay in an area within the phase diagram 
that is considered to have very low reactivity within a 
biological environment, with large increases in Na and Ca 
in comparison to both 45S5 bioglass and the target. 
Different coating parameters gave similar compositions. 
XPS analysis, however, gave an insight into the coating 
surface, with depth profiling showing a graded 
composition throughout its depth (Figure 1), which was 
also supported by EDX cross sectional mapping (Figure 
2). The varying of the coating throughout its depth means 
that it would exhibit different bonding properties 
depending how much of the coating resides after 
dissolution, with some areas coming very close to the 
45S5 composition. 
Dissolution of Ca out of the first batch of samples was 
shown to plateau after two hours, signifying that there 
was no Ca left within the coating which was confirmed 
using XPS. All that remained was silica, which was not an 
artefact from sample preparation which was supported by 
XPS and a change in colour of the surface was also noted. 
Samples produced using differing conditions were 
assessed using IC which showed a gradual increase in Na 
within solution but showed no Ca or P present within the  

 

 
Figure 1. EDX maps of coating cross section 
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Figure 2. XPS depth profile of coating showing 
varying elemental distribution throughout its depth.  
solution. XPS after dissolution showed that Ca and Si 
were still present within the coating even after  
dissolution over 24 hours. The remaining composition, 
however, lays deeply within the non-bonding (low 
reactivity) region within Hench’s ternary phase diagram. 
Conclusions: The coatings produced in this study are 
heterogeneous and have compositions that lie outside 
Hench’s bone bonding region. The dissolution behaviour 
shows the rapid loss of some of the glasses ions which is 
similar behaviour to that of other bioactive glasses despite 
the differing composition. The remaining silica upon the 
surface is thought to be the remaining glass network, it is 
thought that this network would allow the incorporation 
of Ca and P ions into it to allow apatite formation within 
physiological solutions. 
The coating technique also demonstrates that the 
reactivity of the glass can be altered by altering the 
coating conditions. 
Future work is to improve the coating composition, 
especially phosphate concentration, and assess 
bioactivity.  
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