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Micro Etching Process of Metals Using Microbial Metabolic Reaction (11I)
—Application of Microbiologically Influenced Corrosion of Stainless Seel Welds to Material Processing—

Yasuyuki MiyaNO, Akira OHMORI and Yasushi KIKUCHI

Synopsis

Key words:

: Bacteria having the ability to produce corrosive pits on metal surfaces were detected from Microbiologically Influenced Corrosion (MIC)

failure case analysis. The target of this study is to apply the corrosive ability of these bacteria to material processing.

In previous reports, the authors focused on Staphylococcus sp. and its ability to corrode copper. Those studies showed the possibility of
bio-etching with Staphylococcus sp. by defining the processing area with a protective resist.

In this report, another strategy of bio-etching is described, i.e., to define the processing area by controlling the phase of the material.

One of the characteristics of MIC is that in stainless steel welds the corrosive attacks occur preferentially on certain phases. Applying this
phase-preferential corrosion property to material processing lead to the new method of bio-etching, namely, the location of the processing
area can be defined by controlling the metal structure.

The following experiments were designed to verify this idea. Bacillus sp. and Pseudomonas sp. were selected as the test strains. The opti-
mal bio-etching parameters, the adhesion area of the bacteria as well as the change of pH of the culture medium were evaluated. A processing
bioreactor prototype was then designed based on these results. Finally an experiment for bio-etching of stainless steel welds was carried out.

This study confirmed that bio-etching process is suitable for position selective etching, by controlling the metallic phase of the material.
material processing; microorganism; bacteria; metabolic reaction; Microbiologically Inﬂuepced Corrosion (MIC); adhesion, biofilm; Bacillus

sp.; Pseudomonas sp.; stainless steel welds; preferential phase attack; bio-etching.
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Table 1. Chemical composition of test specimen (mass%).

C Si Mn P S Ni Cr

0.013 0.61 0.92 0.031 0.003 9.46 18.41

Table 2. Chemical composition of medium used (g/L). (a)
Nutrient broth medium (Difco). (b) Poly peptone-
yeast extract-glucose medium.

(a) Nutrient Broth Medium (Difco)

NB-] NB-2 NB-3 NB-4

Beef extract 3.0 0.3 0.03 0.003
Peptone 5.0 0.5 0.05 0.005

(b) Poly Peptone-Yeast extract-Glucose Medium

PYG-1 PYG-2 PYG-3 PYG-4

Glucose 5.0 0.5 0.05 0.005

Yeast extract 1.0 0.1 0.01 0.001
Poly peptone 5.0 0.5 0.05 0.005

Silicon stopper

Test solution Test specimen

Shaker

Fig. 1. Schematic illustration of test apparatus for cultiva-
tion of bacteria.
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HHIKA, NB-3& D & PYG-3HA TR EL & B @A,
Bacillus sp., Pseudomonas sp. DM IFIZHBL T35, Bacil-

100um

(a) Condition NB-3

(b) Condition PYG-3

Fig. 2. Micrograph of Bacillus sp. adhered on specimen
observed by epifluorescence microscope after 72h
incubation.

100um

100pum

(a) Condition NB-3 (b) Condition PYG-3

Fig. 3. Micrograph of Pseudomonas sp. adhered on speci-
men observed by epifluorescence microscope after
72 h exposing.
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Fig. 612 Bacillus sp.% , Fig. 712 Pseudomonas sp. & ¥#E L
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(a) NB media (b) PYG media
Fig. 4. Comparison of adhesion area of Bacillus sp. on test specimen in each condition of media after 72 h exposing.
25 25
:\320 3 S
P S 20
o P @
815 Si5F
ke E c
g10 210f
< (o]
2s5f = 5F
<
0 - NN 0 —

NB-1 NB-2 NB-3

(a) NB media

NB-4

PYG-1 PYG-2 PYG-3 PYG-4
(b) PYG media

Fig. 5. Comparison of adhesion area of Pseudomonas sp. on test specimen in each condition of media after 72 h exposing.
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Fig. 6. Variation of pH in various culture media inoculated with Bacillus sp. as a function of exposure time.
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Fig. 7. Variation of pH in various culture media inoculated with Pseudomonas sp. as a function of exposure time.
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Fig. 8. Variation of colony forming units of Bacillus sp. in various experimental media as a function of time.
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Fig. 9. Variation of colony forming units of Pseudomonas sp. in various experimental media as a function of time.
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Fig. 10. Appearance of the prototype of bioreactor.
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Fig. 11. Variation of pH and total viable count of experimental medium as a function of times.

(a) Bacillus sp. (b) Pseudomonas sp.

Fig. 12. Micrograph of microorganism adhered on speci-
men observed by epifluorescence microscope
after 7 d processing in continuous flow culture.
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(a) Bacillus sp. (b) Pseudomonas sp.

Fig. 13. Micrograph of microorganism adhered on speci-
men observed by epifluorescence microscope
after 7 d processing in batch culture.
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Corrosion pit

(a) 14 days (b) 42 days

Fig. 14. Example of processed surface (Bacillus sp.,
SUS304L weld metal, polished surface processed
hole (black spots, arrowed)).

(a) Macro image (b) Magnified view of area A

Fig. 15. Initiation of preferential dissolution on stainless
steel weld (Bacillus sp., SUS304L weld metal,
polished surface, 56 d processing).
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