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Experimental study of the electrochemical corrosion rate of medical implants of
titanium and stainless steel made by machining and selective laser melting under
different surface conditions
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Department of Mechanical Engineering, ShahidRajaee Teacher Training University, Tehran, Iran
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Abstract

Keywords Abstract

Implant ) Replacing missed teeth with artificial metallic implants is a pervasive treatment nowadays. With the
Electrochemical Corrosion advent of research on biomedical and mechanical properties of oral and dental issues, implants have

Material and Construction method
Surface condition
Hydroxy apatite

seen a great deal of improvement in terms of dimensions, design of body and materials, methods of
production and surface type. Performance of implants in the teeth is affected by oral conditions and
phenomena such as corrosion and fatigue along the life time. In this study, the corrosion phenomenon
has been experimentally studied with similar oral conditions in a variety of dental implants, focusing on
construction methods, materials, and surface conditions. The combination of various fabrication
methods, such as machining and 3D printing (selective laser melting) for steel and titanium specimens
with a variety of surface conditions, including samples with different threads and samples with
biocompatible coatings is applied in the survey. Results show that in general, by increasing the
complexity of the implant surface, which includes the method of selective laser melting or creating
higher ripeness at the surface by adding a second thread, machining variant depth thread or applying
appropriate coating on the surface, hydroxyapatite coating, the resistance to corrosion of the implants
will be improved. Also the results show that titanium alloys have a higher corrosion resistance than
stainless steels. In addition, applying modern manufacturing methods in the production of implants,
particularly three-dimensional printing techniques such as selective laser melting, used in this survey,
improves the implant's mechanically performance specially Corrosion resistance rather than the
conventional machining method.
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Fig. 1 Galvanic corrosion in implant and infections
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Table 3 Chemical composition of used stainless steel

|
N, Co Mo Cu Ni Cr P S Si Mn C ’
s

0/08 0/15 0/22 0/45 8/05 18/32 0/03 0/02 0/42 1/7 0/017 L304
0/07 0/17 2/05 0/48 10/0616/78 0/03 0/02 0/48 1/78 0/015 L316

solazwl 3,90 ra}uL..u 6LQ)LJT @L..o.....: s.,..SJJ 4 JS\.L"
Table 4 Chemical composition of used titanium alloys

o] H N C Fe v Al e o
0/07 0/001 0/02 003 003 - - 20,5
0/11 0/001 0/01 003 013 421 615 545
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Table 5 Mechanical properties of alloys used

ISRV o s s s '
U T Towe Al
40 773 660 304L
38 770 662 316L
35 450 383 20,8
18 1048 910 5575
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Fig 4. Pictures of samples from 1 to 8 (from right to left)
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Fig. 6 An electrochemical corrosion test device used
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Table 6 Results of flow rate of samples (obtained from corrosion test)
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