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Development of Heavy Gauge Hot Coils with High Strength and
Excellent Low Temperature Toughness by Controlled Rolling

Kazutoshi KUNISHIGE, Masashi TAKAHASHI, Seiichi SUGISAWA, and Tadao HAMANAKA

Synopsis:

Steel plate used for line pipe is produced by both plate and hot-strip mills. Controlled rolling is used
in both type of mills to obtain a good combination of strength and low temperature toughness. A labo-
ratory simulation method for producing coiled-strip and plates is devised, taking account of a great dif-
ference in thermal conditions after finish-rolling.

The results in laboratory test reveals that microstructure and precipitation of carbonitride in the sim—
ulated hot coils differ from those in the air-cooled plates, and these lead to different controlling practices
between hot-strip and plate mills.

For niobium bearing steel, bainitic transformation occurs in hot—coils by rapid cooling on runout table.
To avoid the embrittlement caused by a bainitic structure, carbon content should be reduced to the level
similar to that of acicular ferrite steel and also the slab-reheating temperature and rough rolling tem-—
perature should be lowered.

For vanadium bearing steel, lowering the slab-reheating temperature 'in the middle position of the
length is recommended to prevent the embrittlement caused by vanadium carbonitride precipitation
during slow cooling especially in that position after coiling.

The manufacturing trials of 14.3 mm thick heavy gauge coils are carried out, using 0.14% C-Nb-V steel
and 0.04%C-1.99% Mn-Nb-Mo—Ca steel. Both steels are found to meet API-X70 strength with excellent
low temperature toughness.
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558 S L % & 67 4 (1981) 3T
Table 1. Chemical compositions of steels (wt%).

Steel J ¢ |si|Ma|l P | s |Np| V| M) Al|N Remarks

A |0.11]0.33|1.30|0.014] 0.008] * * * o.ozﬂdfﬁdao , .

B | 0.12]0.30| 1:32|0.013 0.013 0.02 | * | * |0.0280.0067 ffegts of rolling and cooling

C 0.09 | 0.27 | 1.28 | 0.011| 0.006] * | 0.08| * | 0.0390.0099 °° g

D |0.12]0:32|1.29]|0.011/0.012 0.02 | 0.06 | * | 0.0230.0085

E 0.11]0.37 | 1.32 | 0.008] 0.009] 0.03 | * | 0.25 | 0.0370.0090

¥ 0.05(0.28 | 1.94 | 0.024| 0.010; 0.04 | =* 0.25 | 0.037/0.0052| Acicular ferrite type steel
Nb-V [ 0.10] 0.30 | 1.31 | 0.007| 0.007| 0.03 8’34 * 0.030'0.0110 Effects of V or Mo in Nb-bearing
~ B ' - I steel were investigated
Nb-Mo| 0.11 | 0.37 | 1.34 | 0.008| 0.009 0.03 | * 8’;2 0.035(0.0090

* Indicates ‘‘not added”
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Fig. 1. Laboratory simulation of rolling and cooling

process of coiled-strip and plate.
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a) 0.02%Nb (steel B), plate

b) 0.02%Nb (steel B), coiled at 560°C

c) 0.08V (steel C), plate

d) 0.08V (steel C), coiled at 560°C

YS (kg/mm?) vTrg (°C)

46.7 —58
48.3 —32
47.0 —60
49.7 -20

Photo, 1. Microstructural changes in Nb- or V-bearing steels cooled in different condition
after finish rolling. All steels were heated to 1250°C and finish rolled at 800°C.
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Fig. 2. Effect of cooling rate after simulated coiling
temperature on Charpy transition temper—
ature (Tpg) of Nb- or V-bearing steels.
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Fig. 3. Effect of simulated-coiling temperature on yield strength (YS) and T

of various steels.
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a), b), ©) d), e), 1) : CT 600°C,
a), d), g) : P.C. (steel A)
b), €), h) :0.02%Nb (steel B)
¢), ). i) :0.08%V (steel C)
Rolling conditions : HT 1250°C and FT 800°C
Photo. 2. Microstructural changes in plain carbon, Nb- or V-bearing steels with

simulated-coiling temperature.
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Photo. 3. Electron micrographs of e), h) and i) shown in Photo. 2, showing
bainitic structure in detail.
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Photo. 4. Microstructural changes in 0.029,Nb-0.06%,V bearing steel with low
finish-rolling or low slab heating temperatures.
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a) HT 1250°C and FT 800°C
b) HT 1250°C and FT 700°C

Photo. 5. Microstructures show non-recrystallized
austenite grains in steels finish-rolled
at low temperatures.
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Table 2. Measurement of austenite grain size in
0.0294Nb-0.062,V bearing steel before
finish-rolling after various heating and
rough rolling conditions.
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b) HT 1150°C, FT 800°C and CT 580°C : YS 53.1 kg/mm?, T, —100°C

Photo, 6. Coarse crack unit surface in acicular ferrite steel (steel F) is removed
by lowering the slab heating temperature.
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Fig. 5. Change in amounts of (1+1) HCl] in-
soluble niobium or vanadium in steels
simulated-coiled at various temperatures.
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