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Micro Etching Process of Metals Using Microbial Metabolic Reaction (1)
—Bio-etching of Metallic Copper by Staphylococcus sp.—

Yasuyuki M1YANO, Takeshi TSUBONUMA, Akira OBMORI and Yasushi KIKUCHI

Synopsis :

Key words:

The authors have been applying a microbial metabolic reaction that induces Microbiologically Influenced Corrosion (MIC) to develop a bio-
logical metal etching process (Bio-etching). Some kinds of bacteria that have the ability to induce corrosion on metals were detected through
MIC failure case analysis. For example, Staphylococcus sp. is known to be able to induce corrosion on copper.

The mechanism of MIC of copper, related to Staphylococcus sp., is described in the following. First, the adhesion of Staphylococcus sp. on
the surface of copper takes place. The bacteria then multiply and begin to form small patch colonies. At this point lactic acid, related to the
beginning of the MIC process of copper, is produced. With further bacterial multiplication a bio-film is formed on the surface of copper and
ammonia, which has a strong causticity to copper, is also produced, showing that further corrosion of the copper surface takes place.

In this paper, a study has been performed to investigate the effective application of the metabolic reaction of Staphylococcus sp. to bio-
etching, by forcing microorganism to stick to the materials. It was confirmed that the formation speed of the adhesion area on copper, which
has antibacterial function, had improved and that the processed area of the target zone could be defined with good accuracy. It was also ob-
served that the corrosion takes place only in the small areas not covered by the protection resist. These results show that Bio-etching of
metallic copper by Staphylococcus sp. is a very effective process.
micro-processing; bio-processing; bacteria; Microbiorogically Influenced Corrosion (MIC); adhesion; biofilm; Staphylococcus sp.; copper;

bio-etching.
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Table 1. Chemical composition of test specimen (ppm)
(test specimen : oxygen free high conductivity copper).

[0} H S As Fe Ni P Pb Zn Cu

1.1 0.5 3 03 0.6 08 | <05 0.9 0.2 Rem

Table 2. Chemical composition of medium used.

Component Amount
Beef extract 3.0¢g
Peptone 5.0g
Distiled Water 19
Top plate
O-ring

Membrane filter
(Pore size : 0.2 um)

Support screen

Gasket

Under plate

Fig. 1. Schematic illustration of the components of the fil-
tering device.
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Culture solution of
Staphylococcus sp.

Syringe (over 105cfu/ml)
Filtering device
Beaker
Waste fluid

Fig. 2. Appearance of filtration for culture liquid.

Test specimen

Petri dish
Membrane filter

Agar medium

Fig. 3. Appearance of the experimental procedure for
making microorganism compulsorily stick to mate-
rial.

Test specimen

Petri dish

Fig. 4. Experimental setup for processing by Staphylococ-
cus sp.
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Fig. 5. Micrograph of bacteria adhered on test specimen
observed by epifluorescence microscope.
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Fig. 6. Variation in total bacteria adhered area in the field
of view as a function of time.
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Fig. 7. SEM photomicrographs of test specimen after pro-
cessing by Staphylococcus sp.

Fig. 8. Measurement example of surface profile after pro-
cessing by confocal laser-scanning microscope
(Lasertec-1LM15W).
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Staphylococcus sp.

Control

Area fraction of discolored surface (%)

Processing time (day)

Fig. 9. Variation in total discolored area in field of

view as a function of time.
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Fig. 10. Variation in total processed area in the field of

view as a function of time.
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Resisted area

Target

Test specimen

Fig. 11. Schematic illustration of resisted test specimen.

Fig. 12. Measurement example of surface profile after pro-
cessing by confocal laser-scanning microscope
(KEYENCE-VKS8500).
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Fig. 13. Variation in depth of processed area.
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Fig. 14. Observation example of processed surface.
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Fig. 15. Three dimensional image of processed surface.
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Fig. 16. Two dimensional topography of processed sur-
face.
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