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Fig. 2. Relationship between forming temper-
ature and ductility of various Al content steels.
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Fig. 3. Influence of Al nitride on austenite grain
coarsening behavior (Heating time: 20 min).

Table 1. Chemical composion of samples.

Sample [ Si Mn P S Mo | Total Al | Tutal N
A 0.13 { 0.21 | 0.77 | 0.020 ; 0.018 - | 0.015 0.0040
B 0.11 | 0.03 | 0.46 | 0.010 | 0.029 — | 0.038 0.0041
c 0.08 | 0.21 | 058 | 0.009 | 0.013 | 0.40 | 0.021 0.0079
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Fig.- 4. Relation between austenite grain size and
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Fig. 5. Relation between strength and toughness
of welded joint and cooling rate at fusion line,
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Fig. 7. Dependence of impact-transition tempe-
rature vI'rs on mean effective ferrite grain size
< d >. Figures in parenthesis represent bainite
transformation temperature.
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Table 2. Comparison between newly-developed and conventional bainitic steels.

Chemical Plate roiling . .
Steel LS Microstructure Properties
composition Slab heating Rough rolling Finish rolling P
1. Ultra-low-carbon | Suppression of Fine and homoge-| Elongation of Fine and homo- |Excellent combi-
B content austenite grain neous recrystal- austenite grain | geneous bainitic | nation of strength,
& 2. Finely dispersed growth by finely | lized austenite and formation | structure toughness and weld-
m TiN particles. dispersed TiN grain of deformation ability.
S 3. Mn, Nb. B etc. bands.
>
-
[ 1]
Q.
a
]
>
Q
2
>
2
[}
=4
ASTM No.5t0 6
1. Carbon content Coarse and hetero- | Coarse and hetero-| Insufficient re- | Coarse bainite |Good toughness in
= approximately geneous austenite | geneous recrystal- | duction in non- both base metal and
b 0.10% grain lized austenite recrystalliza- HAZ
© 2. Mn, Cr, Mo etc. grain tion region of
b= austenite
= )
©
o
©
c
2
t
Q
>
=
8
ASTM No. -3to 0

Table 3. Chemical compositions

of newly-developed bainitic steels.

(%)
Grade C Si Mn P S Ni Mo Nb Ti
X-70 0.020 0.13 1.89 0.020 0.002 - - 0.048 0.016
X-80 0.018 0.16 2,01 0.019 0.003 0.32 0.30 0.052 0.018
Grade B Al N *1) Ceq. *2) Pcm
X-70 0.001 0.044 0.0025 0.335 0.124
X-80 0.001 0.041 0.0024 0.434 0.154

=1) Ceq.=c+_M6L+Cf+NSIO+V +Ni1+5cl. %)

*2) Pem=C+ Mn+Cu+Cr +S_|+_V+&+_I\li.+ 58 (%)

20 30 10 15 60

BERMBRIC IV ERFT Ehio M IERBHoh%
(Fig. 10) 23~25)

B=7 L FEOBAEID, BRETREHBEOCEERH
DB TEMROMEY b HELXHFITH5HESAER
BRTW5%. ZOHE, MIMEbEvEICELE

EoLR*R500FE Ly, Bkokks LT, A
Bkt (P, Si il oFB) oHEE(TioK - F
{bdplc ) B—ERITHBH, HEEFEcE LeFIA L
EEBEFRLIBATE 5 (Fig. 1), -, 75k
FLERE L) B LCISECELE LTSS
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Table 4. Mechanical properties of newly-developed bainitic steel pipes.

(56 in. diameter)

Tensile properties Charpy V-notch impact BDWTT
properties
Grade ‘l));u;(:?tlon Yield Tensile Elongation | Yield Energy at | 50% Shear Shear fracture
strength | strength | in 50.8mm | ratio -20°C *) FATT area at -20°C
Longitudinal | 520 MPa [ 630 MPa 38 % 83 % 202 J <-80°C —%
X-70 -
Transverse 542 653 38 83 141 < -80 100
Longitudinal} 591 716 35 83 176 < -80 -
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(b) Al-killed steel and capped steel (C) Boron treated steel
Fig. 10. Application of scavenging effects to the improvements of ductility and deep drawability

of continuously annealed steel sheets,
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Fig. 11. Strength-ductility relationship of various
high tension steel sheets.
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43 XFUIL AW
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HEE LCER XSRS TV 5.

(a)
Photo. 4. Micro structures of regular low carbon steel (a) and dual phase steel (b).

Niobium, %

Fig. 12. Effect of niobium and heat treatment on
the fracture transition temperature of 21Cr-1Mo
steels (C+N=0.010 to 0.015%).
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Fig. 13. Effects of carbon, nitrogen and niobium
on the intergranular corrosion of 19Cr-2Mo steels
heat treated at 1 250°C.
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Photo. 5. Continuous films of chrom
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Fig. 14. Effect of stabilization of carbon by

titanium and niobium on intergranular
corrosion cracking.
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P, NbSi and NbC on Grainboundaries of Type 347 fractured by gleeble test.
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