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Verification of the cause of damage to the ship's stern tube
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Abstract The stern tube of a ship supporting the propulsion shaft is a cylindrical tube filled with
lubricating oil or seawater for lubrication and smooth rotation. Seawater lubrication is mainly used in
naval surface vessels, which are inherently prone to corrosion due to their exposure to the seawater
environment. The internal corrosion of the stern tube has a structure that is difficult to determine unless
the shaft is taken off the ship and the inspection is made. The damage occurred ten years after the ship
was delivered, and the seawater inflow was confirmed from an increase in the flow rate inside during
the checking of whether the stern tube was damaged. It was confirmed from the inspection that the
damage occurred in a total of 3 places. This case recognized the occurrence of corrosion after the
damage occurred, and repair was made along with the identification of the cause of damage. The
presumed cause of the initial damage was corrosion by microorganisms. Out of confirming the
composition of the microbial community through next-generation sequencing along with the
confirmation of the corrosion mechanism related to microorganisms for re-verification, it was concluded

that it is difficult to perceive corrosion by microorganisms.
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Fig. 1. Schematic of the Corrosion process
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Table 1. AH36 Material property

Chemical Composition (wt%)
Material
C Si Mn P S
0.10 0.7
AH36 0.18 ~ ~ 0.035 0.035
0.50 1.60
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Fig. 2. Corrosion of Stern tubes
(a) Starboard side in ship (b) Port side in ship

420



Algte] Mujgt EAfo] oigh dAY HE
£AR010] MRl Fig. 33 2 ZAl(Pitting EFE  F4(Microbiologically  Influenced

SEEER LTS

]

Elliptical

corrosion) AL =1L

Fig. 3. Shape of corrosion pits

&4 o] B 12mmE 99 27aE 474 o
60mm, @30mm ¥ 17l4E 950mme] Z7|2 1t
o] AT

Fig. 404 B0l Aujit ¢

H d
‘l"‘l"/‘q

9

4w
A}

A grgton vhg RS ALt o = &

X
o

o =
e 3

1o for 4

Sfo] Alnjgh WeisE $40] AabE ke
% e,

Fig. 4. The outside of the Stern tube
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Fig. 5. Field collected corrosion sample
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Table 2. Corrosion sample Material property

Chemical Composition (at%)
Material

1 2 3 4 Aver.

C 5.5 7.1 6.7 6.6 6.4
55.1 52.5 66.4 61.9 59.0

Cl - 0.3 0.3 - 0.2

Fe 39.3 39.9 32.4 31.1 35.7
Cu - 0.2 0.2 0.1 0.1

Si - - - 0.2 0.1

J

Fig. 6. SEM photographs of exposed to MIC
environment shown in literature[3-5]
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Fig. 7. SEM photographs result of field corrosion
sample
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Fig. 8. Schematic diagram of the proposed reaction
mechanism for acceleration of steel corrosion
by IRB and IOB in the presence of SRB
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Fig. 9. 16S Metagenomics sequencing Workflow
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Fig. 10. Field collected corrosion sample

@ Diagl (b) Diag? Table 3. Alpha Diversity Analysis result

Target Reads Shannon Good's coverage
A AR FAZ NGSEAS gt gtojE ] A2 Sample count Dsg Ziisftsy of library(%)
[¢) A : o B o XA 5]
Ho= AW el genomic DNAZ 2] _°_ﬂ°}7] Draql 88,747 5.63 99.62
918k Fig. 113 22 34& S5to] DNAS FE31L Dtaq2 80,691 621 99.53

total DNAY] =& AZsict

B3 BLEA] 247 wEole] T48)E Table
4~ 9% BT Yoie FUAR ARG BRIl A
o] 1%m1Rke] =2 A|951T Tabled 2Hdaigich.

' : Table 4. Phylum level of bacteria in sample
AWL buffer 500

#e washing AL buffer 200 p I inase K Phylum Dtaq1(%) Dtaq2(%)
Proteobacteria 52.8187 49.5247
Planctomycetes 10.4375 15.5705
AW2 buffer 500 Membrane AE buffer 100 1# Nitrospirae 3.0863 6.6649
N S o Chloroflexi 2.4035 5.4876
Actinobacteria 4.7517 5.1071
Fig. 11. Process of genomic DNA preparation and Acidobacteria 4.8295 4.6015
purification Bacteroidetes 5.6802 2.9012
Gemmatimonadetes 1.6609 2.6756
0] Eﬂﬂ] Prepare DNAE”P@ 2 W‘TS]- ;,8‘_’ E}O]EE:I EI Deinococcus-Thermus 2.2232 2.5926
AL S9gotH AL Fig. 129} Zrt. Firmicutes 10.5581 1.5082

e Table 5. Class level of bacteria in sample

PCR Clean-Up 2
Am:;z%g;ﬂ = Class Dtaql(%) Dtaq2(%)
— e Alphaproteobacteria 28.9891 25.0325
x Output .
PCR CleanUp Post.PCR Plate Gammaproteobacteria 13.6793 13.9569
e Planctomycetia 8.3608 11.4684
mpure XP Beads
(Ee :D:‘?E:fDH ‘ Deltaproteobacteria 7.5755 8.6738
d ) :
Secnpit i T _ Nitrospira_c 3.08603 6.6649
Normali MarineActino_c 2.0699 3.7972
\ Phycisphaerae 0.942 2.8628
P 4 Deinococci 22232 2.5926
. : Longimicrobia 1.1809 2.2258
Library Denaturing and MiSeq
Sample Loading SAR202_c 0.0124 2.0733
Flavobacteria 1.9392 1.8304
Fig. 12. 16S Library Preparation Workflow in illumina PDJQ_c 0.915 1.3942
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GQ396871_c 0.6265 1.2951 HQ673956_f 0.009 2.0399
Oligoflexia 0.6389 1.2467 Flavobacteriaceae 1.9201 1.7338
CP011806_c 0.8552 1.2108 Gemmataceae 0.5769 1.7251
Clostridia 9.135 1.0584 PAC002137_f 0.0485 1.5132
PAC002280_c 0.6873 1.0348 Coxiellaceae 0.5544 1.4091
EU700145_c 1.9505 0.8948 GQ396871_f 0.6265 1.2951
Betaproteobacteria 1.9223 0.5788 HQG697801_f 0.9082 1.2343
PAC002280_f 0.6873 1.0348
Table 6. Order level of bacteria in sample PAC000044_f 0.2907 0.8997
EU700145_f 1.9505 0.8948
Order Dtaq1(%) Dtaq2(%)
Planctomycetales 8.3608 114684 Table 8. Genus level of bacteria in sample
Chromatiales 8.9648 8.9204
Rhizobiales 15.0495 8.0195 Genus Dtaql(%) Dtaq2(%)
Rhodospirillales 3.4232 6.9698 Nitrospira 3.084 6.66
Nitrospirales 3.0863 6.6649 Woeseia 5.4999 4.4986
Rhodobacterales 3.7173 5.5793 Hyphococcus 4.3562 3.4267
Actinomarinales 2.0699 3.7799 Methyloceanibacter 10.7226 2.6261
Legionellales 1.2057 3.4663 PAC001793_¢g 2.0102 2.253
Parvularculales 4.4678 3.4527 PAC000036_g 1.7578 2.2171
Trueperales 2.2198 2.5926 HQG673956_f_uc 0.009 2.0399
PAC002249_o 1.7995 2.4513 Phycisphaeraceae_uc 0.4316 1.8329
GU568020_o 1.1809 2.2258 GU118548_¢g 0.4102 1.7003
Phycisphaerales 0.5702 2.1167 DQ395499_¢g 1.6429 1.6222
SAR202_o 0.0124 2.0733 FN436135_g 1.28 1.5937
Flavobacteriales 1.9392 1.8304 Rhodospirillaceae_uc 0.8733 1.5615
EU335161_o 0.915 1.3942 FJ543064_g 1.653 1.533
GQ396871_o 0.6265 1.2951 EF076134_g 0.2468 1.5181
Myxococcales 1.9899 1.2901 PAC002137_g 0.0473 1.5033
CP011806_o 0.8552 1.2108 Bythopirellula 0.5555 1.4215
Clostridiales 9.1338 1.0584 EU373873_¢g 0.6502 1.2889
PAC002280_o 0.6873 1.0348 GQ396871_g 0.622 1.2814
EU700145_o 1.9505 0.8948 DQ811851_g 0.2896 1.2368
HQG697801_g 0.9082 1.2207
Table 7. Family level of bacteria in sample EU491629_g 0.9183 1.1649
GQ246350_g 0.7921 1.1141
family Dtaq1(%) Dtaq2(%) Filomicrobium 0.56 1.0993
Planctomycetaceae 7.7839 9.7435 Coxiellaceae_uc 0.409 1.0001
Hyphomicrobiaceae 14.7689 7.6663
Nitrospiraceae 3.0863 6.6649 Table 9. Species level of bacteria in sample
Rhodospirillaceae 2.9376 5.997
Rhodobacteraceae 3.6317 5.4975 Species Dtaql(%) Dtaq2(%)
Woeseiaceae 6.1287 5.3686 Unclassified ) in higher 8.0532 19.1855
Parvularculaceae 4.4678 3.4527 R .rank
Methyloceanibacter 7.8098 0.7448
Trueperaceae 2.2198 2.5926 caenitepidi group
Actinomarinaceae 2.0215 2.2667 Woeseia_uc 3.5821 3.0214
GU568020_f 1.1809 2.2258 Nitrospira inopinata group 2.8891 6.1382
PAC002249_f 1.5291 2.1192 Methyloceanibacter marginalis 2.8159 1.8713
Phycisphaeraceae 0.5702 2.1167 GQ274229_s 2.7843 2.662
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DQ395495_s 2.248 1.7127
GQ365185_s 1.9223 0.0285
JN672611_s 1.706 1.2257
EU287141_s group 1.5696 0.6568
EU373951_s 1.4434 0.6829
HM799121_s 1.2969 0.4784
PAC000036_g_uc 1.2553 1.4797
GU118279_s 1.2451 1.5566
EU328024_s 1.1876 0.0012
HQ190975_s group 1.1324 0.1822
Nitrosomonas_uc 1.1212 0.0818
Fusicater}ibacter 1.0829 0.0198
accharivorans
JF449941 s 1.0389 1.564
Sulfitobacter guttiformis 1.0355 0.6444
GQ346840_s 0.8721 1.124
EU491629 s 0.8271 1.0559
FM242367_s 0.8057 1.0943
JNG72662_s 0.6434 1.2653
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Table 10. Genus level of corrosion associated bacteria

in sample
Genus Dtaql(%) | Dtaq2(%) Remark
Thiobacillus 0 0
Iron-
Leptothrix 0 0 oxidizing
Gallionella 0 0 bacteria
Escherichia 0.1983 0.0459
Pseudomonas 0.1025 0.0459
Bacillus 0.027 | 0.0372 Iron-
reducing
Vibrio 0.0011 | 0.0074 bacteria
Arthrobacter 0.0023 0
Micrococcus 0.0101 0
Desulfuromusa 0 0.1091
Halodesulfovibrio 0.0056 0.0136 Sulphate-
Dethiosulfatibacter 0 0.0062 Leducu.lg
acteria
Desulfuromonadaceae_ud| 0 0.0037
Thioalkalispira 0.0101 0.0062
Sulfur-
Thioalkalispiraceae_uc 0 0.0062 oxidizing
Beggiatoaceae_uc 0 0.0037 bacteria
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