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The Relation between the Corrosion behaviour of Steels
and the Characteristics of Various Ocean Environment

Haruo SHIMADA, Kazuhiro Mupa, and Teruo Yoxkoojt

Synopss:

The relation between the corrosion behaviour of steels in various oceanic environments and chara-

cteristics of sea water was studied.
The results are as follows:

(1) In the unpolluted sea water, the corrosion rate (2 meters below the surface and on the sea
bed, 30, 60, 80, meters deep) increcased with increase of the oxygen content. On the other hand, in
the polluted sea water, the corrosion was accelerated with increases of microorganisms and the tem-
perature of sea water, In addatlon local corrosion of the steels tended to be more pronounced than

in the unpolluted sea water.

(2) The corrosion resistances of low-alloy steels containing Cu, Cr, Si, and Mo were extremly
superior to that of carbon steel. This is considered to be due to the coexistence of Si and Cr in
steels, which is effective in suppressing detrimental effect of sulphate reducing bacteria, and due to the
coexistemce of Si, Cr, and Cu in the adherent product effective in decreasing the rapid growth of

the rust crystals in any ocean environments.
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Table 1. Chemical composition of steel specimens immersed in sea water.

Chemical Composition
Steel
C(%) |Si(%) |Mn(%) | P (%) | S(%) |Cu(%) |Cr(%) | Ni(%) | Mo(%)
Structural carbon . . . . . .
steel (JIS S841) 0-15 0-26 0-63 0-011 0-011 0-04 — — —
Sea-water corrosion . . . . . . .
resistant steel-M 0°16 0-03 0-79 0-112 0-013 0-52 — 0-42 —
011~ 10°79~ . . . 0" 32~ .
“ -P 0-12 1-03 1-21 0-006 0-021 033 0-39 — —
0:07~ 0°78~ 10°80~ . 0-012~ [0°29~ {0°89~ 0-15~
’ -G o-10, 100  1-23) <O Vo016 034 098 T 0-21
P _T [0°06~ 0°88~ |0°83~ 10°005~ 0°013~ 1034~  |2:00~ 021~
0-10 1-02 1-25 0-007 0-014 0-35 2-10 0-22
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A. Test sites at Kita-Kyushu

Beppu bay
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B. Test sites in Beppu bay

Fig. 1. Field corrosion test sites.
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Photo. 1. View of the sbgcimens held at the floa-
ting buoy for? surface and under sea
water (2m. deep) corrosion test.
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Photo. 2. View of the specimens held at the submerged
weight of buoy for sea bed corrosion test.
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Fig. 2. Figure of point-micro-meter used for
the measurment of the maximum
decrease in thickness of specimens.
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Table 2. Composition of liquid culture media
for sulphate reducing bacteria.

i

Pepton | 50g
Meat extréict 1'0g
Lactic acid (509%) 10°0 m!

o MgSO,- 7H,0 7 I1'5¢

 NaSO, |  s0g
KH,PO, 0'lg

- _;’eést extract » a 0'5¢g
Dist.—wate;im o 1000 m!
PH value 7-0
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Fig. 3. Corrosion rate of carbon steel in various *
ocean environment. (Test period; two or
three years)
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Table 3. The comparison of the characteristics
of the sea water at the unpolluted area
(Kammon Straits) with that of the sea
water at the polluted area (OKudokai

Harbor).
Test Sm"Ka.mmon Ichigase| Oku-dokai No. 13
Ttem buoy (Strait) buoy (Harbor)
Temperature 10~27 11~29
°C)

PH value 8:0~8-3 6:6~7-9
Dissolved oxy-

gen content 4-44~8-13 tr~0-09
(ppm)

NH; (ppm) 0-4~3-6 14:7~135°5
Sulfide-S (ppm) tr~0-01 0:03~-0-39
Chemical oxy-
gen demand 1-7~4-4 6:8~159
content
KMnO, (ppm)
Number of
sulphate-reduc-| 949 110,000 | 3300~2 400000
ing bacteria

(cells/ml)

Muddiness

(degrce) tr~3 23~.87
Tidal current (Max r?)}? %Clln Jsec) quiescent

Photo. 3. Sulphate-reducing bacteria in sea water
at Kita-kyushu area.
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Fig. 4. Effect on seasonal factors on sea water
corrosion of structural carbon steel in
the Kammon Straits.
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Fig. 5, Effect of seasonal factors on sea water
corrosion of structural carbon steel in
the Oku-dokai Harbor.
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Table 4. The relation between the number
of sulphate reducing bacteria-in
sea water and that in corrosion
products of steel specimens.

Number of sulphate-
Number of sulphate-| reducing bacteria in
Month reducing bacteria in| corrosion products of
sea water steel specimens (cells/
(cells/ml) total surface of speci-

men 106cm?)

May gx 103 ‘ 3x 109

June | 4% 10 8x 101
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Table 5. Dissolved oxygen content of sea water in Beppu-Bay.

Date 1973-10-4 1973-10-5
Test )
The depth e Sa%{a;})o;gkl EJZPI;UBE?; Beppu Bay Saganoseki ]IEIZPZUB 132;’ Beppu Bay
from the sea Buoy (high tide) No 1 Buoy | Hoppo Buoy (cbb tide) No 1 Buoy
surface (m)
1 7-8 80 75 ;g ;g 25
15 7:0 — — 88 — _
30 6-2+ 66 66 oo re 75
60 29+ 67 A 67
" 5

* in the neighborhood of sea bed.

Table 6. C. O. D. KMnO, (Chemical Oxygen
Demand content) of sea-bed mud
(O,mg/dry mud lg).

Saganoseki Hop-

Beppu Bay No 4

Beppu Bay No 1

po Buoy Buoy Buoy
(30m. deep) (60m. deep) (90m. deep)
3-83 30-98 1:13

LEOWECRGEERDT BT B NIT ) 7TOR

DAL KT B2 TV TOHE D VWELS LLEW
Z L BFEAR L (Tabled). 5 Higwl 6 AickW\T
10 ml pg/kss 106cm? OFFTREIC A8 Lz & (E
T8 L, MBEETNY T ) 7OBEAERDPCTFET
LB Yk oPESD 105 {534 < N5 LTk
5. BEEERMSHREERTT S T ) 7 O X DI
& DrE, TOBEERDHBEAK L DEKMKLE T DN
27 )T OKREHFTHD Fer* A FLWEIDE <%/’u
TWHELDTHH .
w%,m@ﬁ@&kkwaﬁ®%ﬁ%im?5§@m
Fig.4 wLdT X 5T, 8%, pH, MEHMIILLS
BEBETHL LVWOTIPS S, FefmEcEyiE
HEe S & 2 OVEK D AE L BV SR O 88 £EE o (R
BLIGEETHS. Fig. 4 T MOBRAREEHE IS IBTFER
FELEELTWAZEEZLHLTWES. ZOHLVA
RiiEsEic 8 5HoRSBEOZE L HTT 50
WWIRIALDZ LT A .

3.2 EHEEICHITEIRE 30m~90m DHFETOR
DEREH

3.2.1 ¥R BT 5KONE

#EX 30m, 60m, 90m DOEETOMWMOBEEE LK
1, WEAHEOREE L HE L. Table 5 551K
OEFBREENEI L LK T T 2 EbbhDol.
Rkt OIETFER B KR HIARE, PR L7cERSR
ChDHENIHEL-FHLTWS. FEX 60m OHFBED
BEBRENPVBLES LB LTWH LW BREREAR
X, ZOBESLOBEL I ELDTELOFENEE
HLTWARANIRTEPALTWSZ LItk LBbhd
(Table 6).

ZEX 60m » 90m DYEE T OUEKOERE ZHEEL
DEREE LY 2°~3°C KF L TWic. 60m OES TOW
ko pH (13§ 7°8 THEEEH/KOEL VETEETD
S MO YEIE T D¥Ek D pH {EIXIRHEEK O EIZ BT
Wit Zh B OEETOREKOFNIE 0°05m/sec 75
0-4m/sec THEWHIEEE L X2, HEECHT 59
sk Sulfide-S rFRESIET /N2 7 U 7 ORI EHENE
KB BIFBEEFEAEELH LTV

3.2.2 BETOMOBEEERE

WETOBEKPOBFRER L RZMOBEEE L O
%% Fig. 6 ic Lo¥. @REMLCRT 2 MOBEE
g% Fig. 6 wwL®d. Fig. 6 »LEHFREE 3 ppm
Bl ¥k 3513 % SR IS BEEE A3 YEES T b Mg E AT
CHEBEREOMIMT ONTHEKRT 5053b27. —ff
W, METOBRERIEENEE LT v, L
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Fig. 6. Correlation between the dissolved oxygen
content in sea water and the corrosion
rate of carbon steel immersed in the sea
2m. deep, in sea bed 30m, 60m, 90m deep.
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Fig. -7. The comparison of the maximum corrosion.
rate in the polluted sea area (Oku dokai
Harbor) with that in the unpolluted sea
area (Kammon Straits).
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Flg 8. Corrosion rate of sea-water corrosion

: - resistant steel and structural carbon
steel in various ocean environment.
(Test period; two or three years.)
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W5%5E% Photo. 4 & Photo. 5 iz L.
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x | 000

Photo. 4. The inner corrosion products of the sea-water corrosion resistant steel (a) and
the structural carbon steel (b) exposed for three years at the sea bed (90m. deep)
examined by scanning electron microscopes.

1804

Photo. 5. Distribution image of Si, Cr and Cu in the corrosion products of sea-water corrosion
resistant steel exposed for two years at 2 meters deep from sea surface examined by

EP.M.A..

Table 7. Chemical composition of steel specimens used for laboratory tests of bacterial corrosion.

Chemical Composition

Steel
C (%) | Si(%) | Mn (%)

P (%) | S (%) | Cu(%) | Cr(%) | Ni(%) | Al(%)

Structural carbon steel (JIS . . .
SS 41) 0-20 0-03 0-49

0-017 | 0-018| 0-04 | 0-02 | 0-02 | <0-01

Sea-water corrosion resistant 19 - . . . . . A
steel-M 0-12 0-05 0-88 0-132 | 0026 | O ?3 — 0-67 —
Si-Cr steel 010 0-86 0-50 0:016 | 0:015| 0-04 0-88 — | 0028

P, G, TOMAKIERGCERS L TCWH8EHIT,
HRERoAaEREELZ IR T 58RO H B Si, Cr, Cu
BEBELTWEZ LR XBEELTINDS.
DERT, BEOXS THERINKERIBT SRS
— 71

DK ROBEN TR BT 5 7odic, EKHRER
Bd 35 o 7oo7z. Table 71 Lo LcsRf & 55xHisio
SR Li-¥iekmic, Fig.9 kLT x5k 10 BRER
WL, TOKT, WKFEBRERT/ 27 ) 7HFE
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Table 8. Existence of sulphate-reducing bacteria
in the sea water after ten days immersion.

(+ : positive, — : negative)
T Run No. i l
at"m'\E; ] 2 “ 3 4‘
Steel T

—

Structural carbon steel

(JIS SS 41) R I I e

Sea-water corrosion
resistant steel-M

Si-Cr steel — - — —

PN Test-nibe

Natural
L~ seq water

/Test coupon
I X 10X50 mn
Y,

Fig. 9. The examination confirming the existence
of sulphat-reducing bacteria by setting a
test specimen at the bottom of test-tube
for 10 days.

THPEPE Lbf. 0§54 Table 8z L.
Table 8 225 Si & Cr %377 Lo B % i3 Lok
RTRBEBEERIT /N2 7 ) 78T <THER L CRRATE
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Si & Cr BRIt < EEhTVEEIDNLIF Y 70D
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RLTWS. ZOBRBMOFMISE, Rt
ETh5.

1. & @

BREEREZEZR LT, Ex0OWERE (55 Timm,
B SN 8E, X 30m, 60m, 0m OBE) i
WU, BREE KON iy S HE L. &
LRBRATHOEDTH .

(1) HBFEOBEFERS XUCHEES 30m »5 0m o

HER T TR C X OB R I EE Ik DR E It
itV 20X 5 LBREICRE IO BAHE 1R a o 1
X OTHRT 5. o, BHEEEROTRE
DHBFEREN O RO FEIC EbdTHMTH 5.

(2) BENOBRIBRINERTHS. 20k
DB TIRMOBEEE RS DE & B oM ik
BT 5. SLIREMORBIWEIIZDO X 5 BT
RYDEMHBH 5. BIENOEIESHORTEEDR
WL ZOXSLERWBRK IS DD EEbNS.

(3) Si, Gr, Cu, Mo %3t7F LAfiiikNom &
MW T OBEREIC R W T b BREOR & X b E
, ELZH-TO 29%Cr 24 A1 OOBERERE LB

WO LB THD. TRIERSORERKE ORI

BRATTHOWOVL LD LWERIC R LCHEHERD
H% Si, Cr, Cu BIEFLTCVWBEZLIREIBDTHA

2. F/c Si & Cr 0TIk b 0NNy 7 ) 7REREY
MET5OICHITH 5.

ARBCEB N el EREITE TR, %5
CNTH SR, SRR, WBIREERITRI ORI
IEMELET.
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