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Corrosion and its Protection of Welded Jomt of Seawater Resistant Low Alloy Steel
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ynopsis

Seawater-corrosion resistant low alloy steel has been used as a water gate material for river-mouth dams. This
material is selected from the standpoint of protection. Corrosion behavior of the welded joints of seawater resistant steel
CR4B and corrosion countermeasures were investigated. Preferential corrosion of welded parts was found to be avoidable
with the use of a welding material whose Cu plus Ni content in the welded metal was 0.10~0.15% more than the base
metal. On the basis of these results, appropriate welding materials were developed, and CR4B steel was applied to the
water gate of the dam at the mouth of River Nagara.
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Table 1 Effect of environmental variables on seawater
corrosion of steels

Increasing corrosion rate with increasing
Temperature temperature (Maximum corrosion rate at
80°C*)
Acceleration of corrosion rate by increas-
Wet and dry i
ing O, supply
Increasing corrosion rate with an increase
DO . i
in DO
. Increasing corrosion rate with increasing
Velocity .
seawater velocity
_ Maximum corrosion rate at Cl- concentra-
Cl~ content .
tion of seawater
pH " Ineffective
Adhesion of micro- . . .
. Possible crevice corrosion
organism

* Under air open condition

2-3 EFEENOHURDERE

SR OYEREIEIC BT A ARE ISR, T, TR
RS, WEREDBIWIT LIRS, JUTRITRT L
3T, BRELS & REEROMHED N, FDAE DR LS
BRI H2HTHSL, ILREFERLLITNE LW &
13, ERERRE LERD LD E TS COREEIN
RBBEOHFHIE LKL DI ETH D, ZIUIRRDY
A7 a VO NTEISIC s Y — P2 D&
BNB-HTH D, BLIRITHIEDERES L7

$EIR HORBKECKETEETROFE

Table 3 Effect of alloying elements on seawater corrosion resistance of steels
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Table 2 Corrosion behavior of each section of steel
structures in marine environment

Sea atmosphere . .
Splash zone 0.2~0.4
Tidal zone 0.08

Seawater 0.05~0.10

Bottom sludges 0.02
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Sea atmosphere © | OO0 | © O} © | O
Splash zone O| O |xX)| © O | © Ol O | O
Tidal zone O O

Seawater © © O O X X O
Flowing seawater O O | 0 O

© : Very effective
O 1 A little effective
X Detrimental
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Table 4 Chemical composition of seawater-resistant steel CR4B

Range =0.55| =1.50 | =0.030

CR4B

0.80
~1.50

=0.035| =0.20 =0.15

Example 0.39 0.98 0.008

0.001 0.26
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Table 5 Seawater corrosion resistance of CR4B (Exposure test results to marine environments)

MI\VImorth—Wakayama 5343(;” — O’. 2 0 .‘2

1 year
port CR4B — 0.1 0.1
55400 0.32 — —
On the deck CR4B 0.16 - -

of a carrier ship 1 year
of 50,000 ton CR4B- 0.12 _ _

0.5Mo ’
Mouth 3 S5400 0.40 0.1 0.25
of River Kino YEaTs "CRaB 0.21 <0.01 0.12
3. MEKESEH CR4B OBESR 3-1 RETE
OWBEEHENE 3171 fBH B

fitiErk CR4B SRR & HFER % B A, £
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BT, HEROBEEMELE V2 LIEESBE
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D HAZ & 5 W I3BESBEIOERIRE &R £ 2 B
Bt & s Cu, NiB2ELT52 e ¥EanT
V5 6~8)
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Cu, NiEZ#2H(tE3RTEDOMEENDBEIZOWTRET
FThHIEE L
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SFEAR T CEEL, BB, $74, BIRI
IRTIEESRMYC, SMAW (Sealded Metal Arc Welding.
WRT—27 ), SAW (Submerged Arc Welding. ¥
T—Y FT—7%#H), FCAW (Flux Cored Arc
Welding. CO, 27— F 7 4 ¥ o 3BOEHERITVY,
WEROTEETMERRBR 2O L 24, B8R
ICREBMTEESBHOERS BT, INLDBHERER
AERWGREHICRTRERRZITY, BETEEER
Cu, NiBZREL S5, BEABE 7H J/cm T
EOTREBME T, FEROMESIC AT TIEEAR
DFFBRFEL 7z,

b, EEREO 7 afilioEEIEE 1 BISRT,

£Eox HEMR (CR4B-490B. 37mmY) DitEms
(mass %)

Table 6 Chemical composition of CR4B steel used

==

0.07 | 0.39 | 0.980.008 | 0.001 [ 0.26 |
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Table 7 Welding conditions

170

17700 -
21

#L-525A
#W-CR4B
X

CR43*
CR44
CR45

#100

4C-1

4C-2
#AS-CR4

SAW 550 31 40 25 600

Adoption of specimen

| mm

FCAW 250 29 24 18 000

* o Flux
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Table 8 Welding materials and chemical composition of welded metal

.42

1.19

0.08]0.3110.66 0.47 0.29 +0.51 +0.06
SMAW | A2 |2 0.0810.3210.67|0.012(0.004|0.30|0.20(1.21]0.25|0.50| +0.12 | +0.16 | +0.02
A3 | #L52SA 0.0810.3210.7310.010|0.004{0.26(0.03|1.,24|0.02|0.,29|—0.09| +0.19 | —0.21
S1 | #W-CR4B | 0.05(0.23]0.60 [ 0.008 | 0.004 | 0.39 | 0.05|1.03]0.16|0.44 | +0.06 [ —0.02 | —0.07
% CR43
S2 | #W-CR4B | 0.05]0.22|0.59|0.008|0.004 | 0.45|0.32 |1.08 [0.22 | 0.77 | +0.39 | +0.03 | —0.01
SAW % CR44
83 | #W-CR4B | 0.05]0.22 | 0.60 | 0.006 | 0.004 | 0.39 | 0.11 | 1.08|0.22 [ 0.50 | +0.12 | --0.03 | —0.01
X CR45
S4 | #W-CR4B [ 0.04 | 0.46 [ 1.36 [ 0.013[0.010 | 0.38 | 0.06 | 0.86|0.17 | 0.44 | +0.06 | —0.19 | —0.06
X #100
C1 [4C-1 0.03]0.34]0.89]0.019]0.005[0.46]0.35|1.08]0.24 |0.81| +0.43| +0.03| +0.01
FCAW C2 |4C-2 0.03]0.32|0.85]0.018|0.005(0.27(0.15[1.07]0.23|0.42| +0.04 | +0.02 0.00
C3 |#AS-CR4 |0.030.20]0.71[0.016]0.009|0.36]0.03(0.88]0.03{0.39|-+0.01|—0.17| —0.20
Base metal CR4B-490 | 0.07 |1 0.39(0.98 {0,008 | 0.001 | 0.26 | 0.12 | 1.05|0.23 ] 0.38 - = —

Base metal

Welded metal (52)

A (Cut Ni) =0.39%
100p m
—_—

21 H CR4B a0 = & O
Fig.l Microstructure of welded CR4B steel
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Table 9 Corrosion test conditions

Accelerated

1 | potentiostatic corro- Anodically polarized { at —0.50V vs. SCE for 24h.
sion test P at —0.55V vs. SCE for 96h.
2 | Loop test Synthetic seawater (ASTM D1141 52), 30°C 2m/s,

2weeks.

Synthetic seawater (ASTM D1141 52), 30°C, Mea-
Measurement of cor- sured portion D Base metal, @ HAZ, ® Welded
3 rosion potential metal

p Corrosion potential values after one-week immer-
sion

Measurement of
4 | anodic polarization
cuves

Deaerated synthetic seawater, 30°C Potentio-
dynamically at the sweep rate of 50mV/min.

F10R BEBOMERERY
Table 10 Preferential attach of welded joints of CR4B steel

.24

0.42

Al 0.47

1 1 — -
SMAW | A2 0.30 0.20 1.07 | 1.15 — — - -
A3 0.26 0.03 1.07 | 1.13 — — - —
S1 0.39 0.05 1.21 | 1.28 | 1.16 | 1.28 | <1.1| <1.1
S2 0.45 0.32 1.10 { 1.16 | 1.14 | 1.19 | <1.1| <1.1
SAW S3 0.39 0.11 1.11 ] 1.19 | 1.13 | 1.20 | <1.1| <1.1
S4 0.38 0.06 1.11 1 1.19 | 1.14 | 1.27 | <1.1}<1.1
C1 0.46 0.35 1.12 | 1.19 - — — —
FCAW Cc2 0.27 0.15 1.13 | 1.24 - — - —
C3 0.36 0.03 1.13 | 1.19 - — | <1.1| 1.67
B.M. HAZ W.M.
B H )
<— Surface before
/ /\ 77\ corrosion test

B ! Average corrosion depth H.W . Maximum corrosion depth
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1.6 |- Potentiostatic corrosion test (V vs.SCE) r
005V
o & 0.5V -
Loop test
1.4+ L
m - L
~
= el i
m
~
jany - -
1.0 -
B Base metal -
0 8 1 i | ll | | i | 1 1 ] I ll 1 | 1 | |
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
(Cu + Ni) content in welded metal
(a) HAZ (b) W.M.
%£e CR4B M3 EM0BREREICRETAESRESR Cu, Ni Z2OEE
Fig.2 Effect of Cu and Ni content in welded metal on preferential
attack of welded joint of CR4B steel
Synthetic seawater, 30C
30+
20 -
-~ 10} HAZ
> : '
£ 4
m 0 i ]Ecorr of base metal
= q_l 7 r (Ave. : —699mV vs.SCE)
—10F WM. AE = Ecorr (W.M.) — Ecorr (B.M.)
_20 -
! ! ! |
S1 S2 S3 S4
Cuof WM 0.39 0.45 0.39 0.38
Ni of WM 0.05 0.32 0.11 0.06

$£38 CR4B OEMOBEREMCKFTHRZEREND Cu, NIEOZE

Fig.3 Effect of Cu and Ni content on corrosion potential
of each portion of welded CR4B steel
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BLTw5, Bb, SEEREHOENIEL20, B
BRGBE L — DTN =y 7 B, BADRZ
BESRIPERNICEEINLNEFILNE, Ly
L, MEDEMNEEFFHRLIE mV THY, 2IUTEF LW
HNS=y JIRERZB I VB, Bl ISHRRMOEREE
B TITREM & BT & D EMZEII20~60mV B &
N, BREIIEMICHER L TR S ~ 10 R IE 3 1L
500 REFMEEOIEREALEERBICBWTLRE
REOMERNC B 5%, F 72, JKHBR TR N B ARSI
IZBWTIIET L IEREEED Cu, Ni DBGEIRAZ
TR L WIHSRIIEE»BI 5 3NTW5Y,

A Ec=3.8A Cu+1.1XA Ni+0.32+1%
A Cu=Cu (E#) —Cu (BiESR)
A Ni=Ni (@) —Ni (FEER)

A EBc=— 1 Tld HAZ %, A Ec= | TREESBLEY
BERIFET 57,

ORI Cr 2B T WEICOWT DL DT H B0,
Wi % USSR Cu, NiBIZRM & )R
EOIHET S LT, 2l U CEHER SRS &3]
WHEE W2 B,

Wiz, THEEEEDOBIFTH -7 SMAW DA 2i5H
HZOWTEEDT / — FOMRIERERIE L7z, 2R
FE4AEISRT. —0.5V~—0.7Vvs.SCE 55 Tl H44,
HAZ, ISBESRBE LIFLEALENIRDLNT, RiZED
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PILECTR U748 &, oINS &1 2 FER T
3 12 ORESRE ORI Cr 8 LU Mo (38 L [F]
—T&»D, Cu, NiZB#LDPbLED, 85 Cut+NiE
T0.5% (Cu 0.3%, Ni0.2%) fBEL+ERTLZLEL
7z (& (Cut+ND=0.10~0.15%).

Wiz, HERTEE2ZRL, LREEERRSDLET
B B ETIEEABEORBUC DWW TIRET L 72,

I Synthetic seawater
30C, 50mV/min
| Deaerated

m
A
2 0.5 ~=
g -
2 —0.6
I
= —0.7
L N
o B.M.
[ PR -
L HAZ
—e—W.M.(0.3Cu—0.2Ni
—0.9F M. (0.3Cu i)
107 i 10 102 10 10*

Current density (A /cm?)

£4 CR4B siaE D7 / — R BES)
Fig.4 Anodic polarization behavior of each
portion of welded CR4B steel
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HilEh & [FIRk, ABES0~T70k]/cm ) SAW iEigH 12>
WURERRE LUBBOREEMDRIE LT -7, ThE
BRI KT TERABOME L BIRITRY, FEH
DFEFURRIIE CRED LT, TERENDTERASADE
IHIEAE N,

%7:, BEI2RICBRIRP COZEBOBEENOBIER;
RERT, WTNDABUIBWT LM, HAZ BkReRE
BORREMZENS <, H210mVEBETH S, 0
R b BRI RITTIERABOMEIIT LA L\ L
W25,
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Effect of heat input of corrosion resistance of
welded CR4B steel

Table 11

1.27 | 0.93 | 1.10 | =1.1| =11

60 1.10 | 1.15 | 0.97 | 1.02 | £1.1| £1.1
70 1.09 | 1.00 | 1.00 | 1.00 | =1.1| =1.1

¥ A(Cu+Ni)=0.11%(0.31%Cu—0.16%Cu in W.M.)

SEMEENOER -

=

FIPR AREEZLSEECRABAENSHOBEREN
(mV vs. SCE)

Table 12 Corrosion potential of welded joint of CR4B steel
with variable heat input (mV vs. SCE)

-12

—700 —698
60 — 696 =700
70 - —704 —701

50

3-2-3 BAEMHCEEYE

BIEF E TORFED 6, BHEAREE Cu, NiRIIEH &
D&, B Cut+Nild0.5% (0.3% Cut0.2% Ni) &
L, BFF L 0N0.10%~0.15%=m e v5, £72, Cr, Mo
BIIBMEAZTERTE I L & L

FEIRITEEME B URICIRRLUE (Ceq.) LiEHEE
TUBZMEEE (Pem) 2773, CR4B itk iEnsEs
BRI ASTER 2L T b7z, Ceq 3RBMMEI DR
REL 5T 5D, Pem BRFEFE LT 57208
LAEN LTS Y, IEHESIIUERZEIL SM490H & i
ZF—T% 5.

F13xR CRABHOBEEMR
Table 13 Welding material for

CR4B steel
SMAW | #L-52SA
SAW #W-CR4B X #100
FCAW | #AS-CR4

#14x CRA4B#NDCea&Pcm
Table 14 Ceq and Pcm of CR4B steel

0.38~0.41
SM490
32 0.41~0.43
CR4B-490 | 12~37 0.49~0.57 0.20~0.24
Ceq=C+1/24 Si-+1/6 Mn+1/40 Ni+1/5 Cr+1/4 Mo
+1/14 V

Pecm=C+1/30 Si+1/20 Mn+
1/20 Cu+1/60 Ni
+1/20 Cr+1/15 Mo+1/10 V+5B

T KM I S ol K idEA-44H (CR4B) % #F
TR, FEBOmEEFRER T BRICHRET LLITORE
B,

(DM L LT, Stk aatiic Mo 27
mizdne Lz, FEERIZ
1Cr—0.25Cu—0.12Ni—0.2Mo T% 5.
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