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Effects of Hot-rolling Conditions on Austenite Grain Size and
Mechanical Properties of Hot-rolled Coil for High Test Line Pipe

Synopsis:

Minoru NISHIDA, Toshiyuki KaToO

Nobuo OwasHi, and Taisuke MORI

Effects of processing variables on the properties of high-strength, high—toughness hot rolled coils for
high—test linepipe have been studied. Through laboratory and trial production tests using low C-high
Mn-Nb-V and low C-high Mn-Nb-Mo steels, it has been confirmed that by the combination of lowering
the slab reheating temperature to 1 140~1 170°C at which some amount of Nb—carbonitrides is undisolved,
and rough rolling of more than 85%, reduction, an austenite grain size after rough rolling is refined to the
ASTM 8. These conditions are essential to obtain final products with fine grained ferrite structure free from
bainite and accordingly low ductile to brittle transition temperature, especially when the total reduction dur—
ing finish rolling is limited to less than 50%, due to a heavy thickness of the products.

By controlling coiling temperature below 600°C, the yield strength is increased without 1mpa11mg the

transition temperatuxe
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Table 1. Chemical compositions of steels used for examination of austenite grain growth
and for simulated rolling at high temperatures (wt%).
Steel | C Si Mn P S Sol. Al | Nb V | Mo ’ Total N ' Nbx [C+ (12/14)N]
A 10.18]0.05(0.70| 0.011| 0-026 | 0.001 | — — 0.0037 —
B 0.1310.05 | 1.06 0.012 0.007 0.036 | 0.016| — — 0.0056 2.16x10-3
C 0.13(:0.21 | 1.25| 0.011 | 0.009 | 0.025 | 0.044 — — 0.0042 5.88x10-3
D 0.08 | 0.08 | 1.52 0.014 0.006 0.014.]1 0.042| 0.064] — 0.0064 3.59x10-3
E 0.07 {.0.07 | 1.48 | 0.015| 0.007 | 0.006:f 0.035, — | 0.170| 0.0068 3.00x10-3
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Fig. 3. Changes in austenite grain size and con-
tent of acid insoluble Nb in steels accom-
panying simulated high temperature rol-
ling.
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Fig. 4. Typical processing schedule of hot rolling
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Fig. 5. Effect of slab reheating temperature on
austenite grain size in sheet bar (LE:
Leeding end, TE: Tail end).
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Fig. 6. Effect of slab reheating temperature on
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hot coils (Transverse direction).
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Photo. 1. Effect of coiling temperature on microstructures of Nb-Mo steels. (P : polygonal ferrite-

pearlite structure, B : bainitic and A : acicular ferrite structure, * :
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Table 2. Relation between slab reheating temperature and contents of acid-insoluble Nb
and V in sheet bars and hot coils.
Chemical composition | ; .
Coil Slab . Coil ‘7 (\Vt%) 7 ‘ Seel bar” Hot COIl
No. | Jeheating | loca-, Total [Total Total | Insol. . qvjors | Insol. | Insol. . dinsol®
temp- (E) o G TR TV [ Mo Nb (weze)| CTCC) N (weos)| Viwize) | Nb(wtoh)
| LE | 0.11 | 0.040 0.044 — | 0.0048 | Mid.
! P70 TE | 0010 0.089 0.042 — | 0.005¢ 585 | 0-0139 | 0.0036 = (0.0091)
" LE | 0.11]0.042 — |0.18] 0.0026 Al\]id. ‘
2 L1701 T% | 0l10 | 0.038] 0.193, 0.004¢ | 580 | 0-0078 - (0.0052)
3 1150 LE |0.12 0.037' — |1 0.214; 0.0094 620 0.0175 — 0.0081
TE §{0.11 {0.035 — | 0.2100 N.D.@W 650 0.0155 — —
4 1150 LE |0.12 | 0.038 0.213] 0.0089 650 0.0205 — 0.0116
TE | 0.11 {0.036, — | 0.210f N.D.®W 555 0.0100 — —
5 1140 LE  0.11{0.037 0.054 — 0.0076 630 0.0200 0.0061 0.0124
TE | 0.11 | 0.036) 0.055] — 0.0085 535 0.0160 0.0014 0.0075
6 1165 LE [0.090.038 — | 0.194f 0.0047 i\glilsh 0.0059 — 0.0012
Note (1) N.D. : Not determined
(2) Ainsol. Nb=Insol. Nb in hot coil —Insol. Nb in sheet bar
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Fig. 7. Relation between the mechanical properties
in transverse direction, acid insoluble Nb,

V or Mo and precipitation temperatures
after control-rolling in coils No. 5 and No.

6 (Nb;, V; or Mo;: insoluble Nb, V or
Mo, Nby, V;or Mo;: total Nb, V or Mo).
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Photo. 2. Electron transmission micrographs of coils No. 5 and No. 6.
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e AKEHBMOL Sz, C:0.08~0.129%, N:§
0.0059%, Nb:0.035~0.0402, % &H T+ 5 TlE Nb
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Fig. 8. Effect of total reduction at the finishing
stands on vTrs of high strength hot rolled
coils (hs: thickness of sheet bar, A/:
thickness of final coil).
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