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Micro Etching Process of Metals Using Microbial Metabolic Reaction (1)
—Application of Microbiologically Influenced Corrosion of Metallic Copper to Material Processing—

Yasuyuki MIYANO, Shinji SHIKATA, Masayoshi OzawA, K. R. SREEKUMARI and Yasushi KIKUCHI

Synopsis : The possibility of new material processing using microorganism has been studied. In these studies, it was investigated new techniques to uti-
lize bacteria as processing tools and to apply microbial metabolic reaction to material processing.

This method originated from the proposal of using the iron oxiding bacteria, Thiobachillus fellooxidans, focusing on the possibility of ap-
plying its supreme ability of corroding iron to material processing. However, 7. ferrooxidans is not always suitable for material processing be-
cause it prefers a strong sour environment, and usual materials are easily damaged by these sour solutions. Therefore, bacteria that live in a
neutral environment and their biochemical is more suitable for this processing. Therefore, Microbiologically Influenced Corrosion (MIC) is a
good candidate for this processing because MIC involves high corrosion rates in a mild environment.

A study on this new etching process for metals, applying the microbial metabolic reaction related to MIC, is reported here. The process is
called “Bio-etching” and it is investigated by the following experiments. First, Staphylococcus sp., detected as the cause of the corrosion of
copper was selected as the test strain. The situations of the adhesion area of Staphylococcus sp. and the occurrence of the corrosion on each
culture condition were evaluated, and the optimal conditions for processing were examined. Secondly, an experiment for bio-etching to metal-
lic copper using Staphylococcus sp. was carried out, the creation of the processing pattern corresponding to the shape provided by resist was

observed.

Key words: micro-processing; bio-processing; bacteria; microbiorogically influenced corrosion (MIC); adhesion; biofilm; Staphylococcus sp.; copper;

bio-etching.
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FHONPRRABEDE L TRELZEDOHITIE, Wi,
MRFIZETT5MEMHRFEL 2. ThoDMEME,
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Wi, T3 X-REEGH TEE SN IWER, Staphylo-
coccus sp. DI ERMELFITBILL, BREEMBOEAS
RBFICAEZ B ZLICBRAT S & &N 319, EBR, Staphy-
lococcus sp. # A L -2 MAEMBEOHBRFER TIE,
Staphylococcus sp. DIFERLE & G EDOFEREIZ B\ HBEE
PHERENTWB0, D% 0, BRI, Staphylococcus sp.
PREFRE TR L 22354 4 7 4 L AR EFHICRO2 5
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2.1 HEYEH

AN, RKBIROBAZ AR S 4 TR AR O
EREFORKT, MEDKRHEMBEWE L TREL /2,
Staphylococcus sp.' V&AL 72, ZOWMAEYL, HMEHS
HEMAEHTH O, FHERES ELREREE T3,

2.2 EBEQFODORER

FEBR L 2T Staphylococcus sp. DR RERE T - 7=,
REHICE, PHEREICAEETT3MEMORBICHER SR
5 EWN 55 T % 5 Nutrient Broth (DifcofttBl) % i H
L7 (BUFNBE &) . L¥FRS M % Table 112 T,
REFENBIEZ, HOIB U CBEEAFAR L, EEBRICHL
77

2.3 #EH

FEERIZIT, BRRH (OFHC) % U7z, Table 212{b%
B E R, B A K12 25X15X3'mm& L2, %
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WNTHE (F4YEYFX=2 M 1umET) L2 D
ERRE L7=, 7 b UBE, REBEOR, EEBRICHEL
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Table 1. Chemical composition Nutrient Broth (Difco).

Component Amount
Beef extract 3.0g
Peptone 5.0g
Distiled Water 10

Table 2. 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 0.3 0.6 0.8 | <05 0.9 0.2 Rem
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_ﬁ772: , VRIS & FRGARE L /- NB IR B A 1R K

, e bf’_ Z NIz, Staphylococcus sp. % T Z
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A RUFE 7 PEMER (Scanning Electron Microscopy: SEM), 3k
FE i L — & — FHPR B (Confocal Scanning Laser Microscopy:
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3. XBREBERLEER

3.1 MIMAOHEDHEEOFFEER)

Staphylococcus sp. {1~ X HHFDFEBEMHEIL, = x ¥ —K
BB TELE SN BMES, Staphylococcus sp. DT ERLE
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FERDORM, RE L 7={+E RO BBIAM 4 MY
DFERMHIZ OO TRET L 72,

WAEORNBERNOFE L, B THROFBRTOM
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EERIZIE, Staphylococcus sp. #1870, & THEAKRRS
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é@%ﬁ%bﬁot Z DR, Fig. 1@ Th 5, Ak

AP RIEL T IRFHERTZ S, —F, Fig
1) 1%, X & THEEREERE U 7= Staphylococcus sp. %, $H
BHo—EF <, FELLZLOOAFMEINL, HEER
WU R (RUT, Z DA% AR 85 L8 (adhesion
processing) £ §5,) Th5, (FHEENFEHELD WKL
TWARRTHHERETE S,

IO KD sHBSRESR A S LI, BAETEmMAIC LD
MEMOR B EEE A EREETIC L DR 2=, (HEHM
RE, BEH20r IOBRBEROEGELE UTBHEL
D%, Fig 21Tm ¥, SRR BE O FHERIR 238§
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&L, MEMER+FHETE 2MEML, BRIZED
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(@) (b)

Fig. 1. Micrographs of bacteria on specimen observed by
epifluorecence microscope (orange colored spots
are adhered Stphylococuss sp.). (a) Test bacteria not
proceeded the adhesion processing to copper plate.
(b) Test bacteria proceeded the adhesion processing

to copper plate.
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Fig. 2. Result of bacterial adhesion after each adhesion
processing.
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Staphylococcus sp. DFMEADS, A HERBIZKD, &5
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72
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Fig. 3. Schematic illustration of the processing device.

Nutrient broth Processing device

Fig. 4. Schematic illustration of the experimental set up.

B, BEKZ10%cfu/mL L NIICHEHBL -, EEIL,
Fig. 4158 X512, MIMEMIREZ L =A7 522
WORIER P ITIRE L 72 RE T - 72,

T/, WREHOBREIZOWTIE, B % 0.00025 vive
ELTPHERTEITIEMLERES R 5778,
0.008v/v% & 0.04 viv%h &\ 35 ZDODWEE % B/E L=,

RE%0.008viv% & L7254, 0.04vivie & LA DE
Atk DI LA RO SEMIZ & % BIZH R 4 Fig. SITRT,
MRIZ, MIKRE %, 168h& L7238 DTH 3., Staphylo-
coccus sp. * M L 2BATIE, REIZEHROILEDHKA
EHEGEATZ 5, fLAIT, TR UNTEENFOERE L
AR B U 22 RN ER IC R A L T, LR ORERE
3, BFLEEEELIZVA R0, MIREIZLDILE
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HEh, BEET2AZRILAAEZET TEL, BEHMIZE
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FBRELLZOHEROBATIE, 0.04vv% DIBAT, %
BEOCFRTOBEIL S LEL NS EERANET
WRATESZ, JLRORERMERINL» 572, Lizdio
T, ARETCTHER S N7z, FLBI, Staphylococcus sp. DAE
RIZEDERENZEDTHBZLRBHHLTHS, 72
TLUTTE, ZThoofles, MIBELELTII L LT
5,

Fig. 612, MITIROREEMBOmMEE (LUTF, T
L Ri,) ORKEART. Zhidk, Fig 51L&
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Fig. 5. SEM photomicrographs of test specimen after pro-
cessing with Staphylococcus sp. (2 adhesion pro-
cessing) for 168 h.
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Fig. 6. Variation in total processed area after experiment
with Staphylococcus sp. (2 adhesion processing).
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ENHE ShKE 55, 2612,
RETB LS5k B &, Staphylococcus sp. 1ZHIEE % |
MEIR A b REENEYIDEZ B, ZOROD, 2 3 0BOHE
LBRETEEINL T VEZTH, HOBREEEL {EE
THEWEE L TERTS, ZOBRBTIE, NMA 7404
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B, N4 F T AL LAAHICIIEITNEERRESER I N
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gL D “ODORBHARRICE D D TH 54, Mot
T5L&, OMEEAOMNE, QFRETOMIE, O/ 31+
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T A B RS B IR O Staphylococcus sp. & & L FEKXR
R A Al X B\ 5, FERIEHIZ Staphylococcus sp. DI
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W% E T I AF v F 2 — THERERBLE JUCHNEE WS
BRE X 22 OB A LT 5, BRIZ, 77 ZAINDRK
B A & Staphylococeus sp. ~NDES & FRER A BEOM
BETMREIZT 54T, MXNREORAIH, EEINhLT
YEZTORLIZERELSFETHE0LEAONS, T
bbb, BRAKICALINE/ S 47 4 b & UTORMKRE
BHEFETE 5720, [(FE» SEMFNRISBOIZ N
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Fig. 712 EBHR %R T, Fig 7() T, StefER SN 55
A%, Staphylococcus sp. & D% EEE Y 572012V ¥ 2
F ORI N TOERTH B, MITE AL T
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R EHE SN,
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Processed area

(@)

(b)

Fig. 7. Micrograph of test specimen after experiment with
Staphylococcus sp. (2 adhesion processing). (a)
Macro image. (b) Magnified view of area A.
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