BRI

) S 8B
KAWASAKI STEEL GIHO
Vol.33 (2001) No.2
B 52 6h I S R AR

TRV TR R SR A T A TR e 4 5

New Weathering Steels of Extremely-Low Carbon Bainitic Type with Excellent
Weldability
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Synopsis :

An extremely-low carbon bainitic steel with a C content of approximately 0.02mass%
has been successfully advanced to new types of weathering steels for rural and coastal
uses. The steels can be manufactured up to TS 570 MPa grade by an as-rolled process
and exhibit excellent weldability. Because of the extremely low C content, the maximum
hardness values for heat affected zone (HAZ) were about 270 in Vickers number even
under arc-strike conditions, and the Charpy impact energy at a large heat input of up to
20 kdJ/mm was sufficiently high. The weathering corrosion resistance of the steel for
rural use, which meet the chemical composition of JIS SMA570W specification, is
similar to that of the conventional one. The steel for coastal use with a higher Ni
content of 2.5mass% formed a protective rust layer after long-term exposure in coastal
regions. The rust layer consisted mainly of amorphous rust and the corrosion rate of the
steel decreased remarkably. Therefore, the steel can be applied even in coastal regions

where the conventional one has not been used.
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An extremely-low carbon bainitic steel with a C content of approximately 0.02 mass% has been successfully advanced
to new types of weathering steels for rurat and coastal uses. The steels can be manufactured up to TS 570 MPa grade by
an as-rolled process and exhibit excellent weldability. Because of the extremely low C content, the maximum hardness val-
ues for heat affected zone (HAZ) were about 270 in Vickers number even under arc-strike conditions, and the Charpy
impact energy at a large heat input of up to 20 kJ/mm was sufficiently high. The weathering corrosion resistance of the
steel for rural use, which meet the chemical composition of JIS SMA5S70W specification, is similar to that of the conven-
tional one. The steel for coastal use with a higher Ni content of 2.5 mass% formed a protective rust layer after long-term
exposure in coastal regions. The rust layer consisted mainly of amorphous rust and the corrosion rate of the steel
decreased remarkably. Therefore, the steel can be applied even in coastal regions where the conventicnal one has not

been used.
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Fig. 1 Relationship between thickness, Pcm and the preheating
temperature for extremely-low carbon bainitic and con-
ventional (T steels
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Fig. 2 Corrosion loss in thickness vs. time curves for extremely-

low carbon bainitic steels as a function of Ni content and
the conventional weathering steel, based on seawater
spray tests
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Photo 1 Observation of cross sections of the rust layers formed
on the conventional weathering and the 0.02C-2.7Ni
steels exposed in Okinawa for 1 year

Conventional weathering steel 0.02C-2.7Ni steel

Photo 2 Distributions of Ni and Cl in rust layers formed on the
conventional weathering and the 0.02C-2.7Ni steels
exposed in Okinawa for 1 year
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Table 1 Constituents of iron rusts for the 0.02C-2.7Ni steel and conventional one exposed in Okinawa for 1 year
(mass%)
a-FeQOOH B-FeOOH y-FeOOH Fe;0, X-ray amorphous rust
0.02C-2.7Ni steel 14.4 24 15.6 0.6 67.0
Conventional weathering steel 14.5 27 26.1 0.9 55.8
Amorphous rust: No. 18 3] {t#ﬂzﬁ

Granular &, y-FeOOH: No. 8~-10
Leatlike a, - FeOOH: No. 11~14

-

%4 1 um

50 nm

Photo 3 TEM images and electron diffraction patterns of rust
layer formed on the 0.02C-2.7Ni steel exposed in Oki-
nawa for 1 year
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Table 2 Chemical compositions of riew weathering steels

(mass%)

Steel Grade C Si Mn P S Cu Ni Cr Ceg Pem
Rural use steel 570 MPa 0.02 0.32 1.37 0.011 0.004 0.49 0.24 0.51 0.37 0.16
400 MPa 0.02 0.29 0.30 0.011 0.002 0.42 275 0.02 0.15 0.11

Coastal use steel | 490 MPa 0.02 0.30 1.02 0.009 0.003 0.38 2.67 0.02 0.27 .15
570 MPa 0.02 0.29 095 0.011 0.003 0.37 270 0.02 0.27 0.15
400 MPa =1.25 — —

— — — — = * - *

tpectiaton | 4OMPa | mous | (BT | =0oss | =ooss | T | 05T | %GRS | S0k | S0%ee

570 MPa — —

Ceq = C + Mn/6 + Si/24 + Ni/40 + Cr/5 + Mo/4 + V/14
Pem = C + 5i/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B

*Thickness (f): t = 50 mm
**Thickness (¢): 50 mm < #= 100 mm
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Table 3 Mechanical properties of new weathering steels

Thickness. ¢ Tensile properties* V-notch Charpy properties**
ic \ . -
Steel Grade {mm) Thick. Test YS TS El | Thick. Test | vE, vE_, vE_,
position piece | (MPa) (MPa) (%) | posiion piece | (D 1)) )]
25 Full thickness  No. 5 494 670 29 1/41 No. 4| — 270 258
Rural use steel | 570MPa 75 1/4t No.4 | 456 615 28 | 1/t Nod4| — 202 299
400 MPa 25 Full thickness No. 1A 395 499 37 1/4¢ No.4 | 388 —— 362
50 1/4t No. 4 382 481 37 1/4t No.4 | 397 —_ 395
25 Full thickness No. 1A | 447 568 23 1/4¢ No.4 | 341 — 333
Coastal use steel | 450 MPa 50 1/4t No.4 | 448 580 33 | 1/4¢ No.d| 357 — 310
570 MPa 25 Full thickness No. 5 514 664 30 1/4¢ No.4 | — 322 263
50 1/4t No. 4 483 629 28 1/4¢ No. 4| — 292 261
16 <+ =40 | Full thickness No.1A | =235 400~ =71 1/4t  No.4 | 247 — —
SMAIOOCW | 4y <= 75 1/4t No.4 { =215 510 =293 | 1/4 No4|=z47 — —
JIS G 3114 SMAdoocw | 16<t=40 Full thickness No. 1A | =355 490~ =19 1/4¢ No. 4 | =47 — —
specification 0<t=75 /4 No.4 | =335 610 =21 1/4t No. 4 | =47 —
SMASTOW | 16<#=40 Full thickness No.5 | =450 570~ =26 1/4¢ No.4| — =47 —
N<t=75 1/4¢ No.4 | =430 720 =20 1/4t No.d | — =47 -—
*T-direction, **L-direction
Open mark: Q-T steel 0.10
450 Solid tnark: Extremely-low carbon bainitic steel Air-born saliniy: 0.8 mdd
Test procedure; JIS Z 3115
N5 Z3101 E 008F
S 400 FArctime: 1~2s 0° £
g }
) . = 0061
E New weathering steel ‘@ Weathermg stee
T for coastal use L omf
£ L 5
:E, 300 @ New weathering steel
E B for coastal use
E] N S 0021
b=} 250 b New weathering steel for
rural use
Ow 1 - i ] L
MR R R 1 P ] 1 2 3 4 5
20%.1() 0.15 0.20 0.25 Time (y)

Pcm (%)

Fig. 3 Effect of Pcm on maximum hardness for 570 MPa grade
weathering steels in arc strike welding
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Fig. 4 Effect of cooling rate on Charpy absorbed energy of sim-
ulated HAZ
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Fig. 5 Corrosion loss in thickness vs. time curves for the new
weathering steel for coastal use and conventional one
exposed in Okinawa
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Table 4 Welding conditions for evaluation of weld performance of 430 MPa grade new weathering steel for coastal use and mechanical

properties of welded joints

Weldi Tensile test* Side | V-notch Charpy impact test*+*
N8 | Welding matetial Welding condition TS Position of | bend vE,
- s | VE_x
method (MPa) fracture test** Paosition 0 0
- No preheat Weld metal 82 71
45° . Shielding gas: 1009%C0, Bond w05 | &
Wire: FG-6055W - Current: 250 A Base o
FCAW (12mme} | 25mm m - Voltage: 30V 604 metal Good HAZ1*#*= 130 | 99
- Speed: 3.0 mm/s
- Heat input: 2.5 kJ/mm HAZ3rxws 315 331
60° - No preheat Weld metal | 141 | 130
Wire: KW-605W - Current: 650 A
SAW (4.0 mmg) 50 -Voltage: 35V 600 Base Good Bond 255 | 286
- Speed: 4.7 mm/s metal HAZ1***+ | 319 | 320
Flux: KB-SW - Heat input: 4.9 kJ/mm
70° HAZ3#=+=+ | 321 | 324

+JIS Z 3121 (No. 1A)
**][S 7 3122 (R = 2)
=++][§ 7 3128 (Position: 7 mm below the surface (FCAW). 1/41 (SAW))

FRASERO N #RMLT, BRUAL, FERMH LR, 490
MPa B ERFRZERO £ FCAW #F, £8 SAW MF 21
1, FOBMEEE L FEE L 4. Table 4 IZF#EGHS L URBE
B3R, BBhFaREE, oAV -ERFABRERTRT. BHFRELR
HMERERE S RIS LB RU A, £, SFOMTHES BRI
ThHot, BFEHE Y v -ERARIILY, /o FREERE
BEE, £ FE, HAZ 1mm ((ARMEH 5 1mm), HAZ 3mm
(a5 3mm) TEMLZAN, BWFhORETE -20°CitH
DTN A E—dEVOEET LA,
3142 HAEAFMENER

HE PR M8 1 1 PR IR VEH & B Ui B R R T BEC
b5, HE 25mm OWMIRAE R, SAW (FBiEMHE IS Z 3183
S582-AW %% 4.8mme), BAEEIR [ X, ASLI50k/mm) 2T
BESFA ML, FORMNOBEEAME L. HFREL 687
MPa T 0, $EFHEEEFY FEHZHWLT, vE; 210], vE_,y 196
JeBiFafEAeTR LA, £, Tt RETH -,

il

4 ¥

HESHEHEH 0.02mass% ITEBL /- 2 BOBIERE~1 4

RIS R L, TOMMAREL A, BREUTOLS
iZgEnbhd,

(1) Ni % 25mass% L ¥R L A-ige TR iR R i, 56 ket

BRI L, EREGRER (2F) T 15%, HRERTEHE

#+++HA7Z1: 1 mm from fusion line
HAZ3: 3 mm from fusion line

(159 5A) T70% OBERTH -7, BEAHTRERD
IOBRRAEEHERIEE, S UBOMITER2 5, Ni ai—HiC
AL FREE U HE THREL X UTHR Xk
Bt, Cl OMBEFE~DBASIESEADEEZI NS,

(2) DERFREEMTE 570MPa 7L — F, SERAREEE
W TIL 400 MPa, 490MPa 3 LU 570MPa /' L — FORE,
R E, TR EET I THEL L,

(3) HAEAFREERACEHRTET, BAEL LU UEROR

Bd b, EXRMEEREFASETH -1,

F—2AM34 20k BBELPABRBRRFIILHOT

4, MERS & UEER 570 MPa RFTHBEIERO R ESYE

HOBEE I » A - 2B TR0 ES ¥ &R L, Eh

G EE AR R, £, v BEBRERREI B

T, 20°C THIhMAHEE L o7,

(5) MEFEASS 20K/mm 2 TOEMICLNT, ABRALL
HERAFHTHEEIE, BB TH 2 7] +BASEERL,
20k]/mmm ETCOXKABRBEATRETHS I AR I,

(6) BEAFHBEEROBEMHELMRL, £8 FCAW #F,
SR SAW BT AL TORBUTEHLTFEL ~LE,
WEFE, STEIM TRt L RIG AR LES,

AFRIZL D, BERHEM L L CEBRMEELE L »OEEE

THIENARIRE, EEE 2 COMRE AL D BEIZIRMH

FTAZLNTE L o/, THBIE, BRLYOET, HISEER

RNERIZAZ<EST5 L NS,
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