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ABSTRACT The transformation of super—cooling austenite i a commercial pipeline steel was
investigated by measuring the continuous cooling transformation {CCT) diagram and the hot simulation
test. Based on the obtained results. a thermo-mechanical cantrol process [TMCP) has been proposed,
which can obtain a mixed microstructure mainly consisted uf acicular ferrite, and the detailed features
of acicular ferrite are also analvzed. Results indicate that the increase of cooling rate can increase the
content of acicular ferrite in the final microstruciure of the pipeline steel under the present experimental
conditions,

KEY WORDS transformation, thermo—mechanical control process, pipeline steel, acicular ferrite

Yol.37 No§
August 200 1

W S N, BRI, U R TR
EERL G SRR, TTEFIE SIS R EH, B A
KHIE AR R, CEFRE SR, o T $i8
BEF I - Bl e, LR B v ENR SHEE
HiRE Ay Arevere 1Y R AP HaS ke Bl &
TR R AT, SRR S L R I 05
SHEgE. TETE R ERE: B IR L B SRS R R
FIF 20 4 /R SR b 461 DL B BE (v, P BT 3R 211
=R g RO e el
TS R B, AR R D R 58
MpTERE. AISEHEFTEESMRETE ™ e
Bt E AT R ST SR T T3, e SR

* E@¥ 973 BB IZENEE G19s061sll
WERE A . 2000-12-29, wWHiEEACH AR 2001-04-03
fefms - ®mE, B, 1971 £, Wit

QbR AR S EAMERERE P AR MEH
AR & L S, AL i p M ir LT EE
MR G FP AR, HLRELE ZHpyFFE Bk, BT
LSRR A TR SR BM A B R L
LAEFAm A, ELEFTREASESE - Bt EAAN
— P K60 EEE, WMREEETT RN KBLRES
SHE RN T CErE i LT

1 ERMESHE

Fe, Uy A —RP e F K60 BERW. kel
(FLEr % %) %: C0.076, Si0.239, Mn 1.33, Nb 0.04,
V 0.041. Ti 0019, Al 0.031, S 0.0032. P 0.0140,
N 000458 LG Y 250 mm [EpEEE. WA
F-1% 60 mm»> 140 mm - 830 mm.

e G RTS8 F Formastor—F #I3
B BT, AR Y S mm. [EH 10mm, BEE
oy IR S AT, S HYE 1150 C {#i8 10 min, SRISAT
Vel 15 BT FE T AT 0



http://www.cqvip.com

8 1 BAAAESE. HH A L F @ AR 2 R T, 821

W LITE Gleeble-1500 At as ] -
7. RBEERA 8§ mm, & 20 mm. BHERFRE
BRI (30 mm>30 mm), I SEEHTE 1150 CF
7074 3 min, ERAIEERNNREEMNESRE. (B
Hf K + FREERNX) MRBTHEDXHITEER S,

WMETRETRY 370 mm ) HEEE N L
7. HinaiBRE & 1200 ¢ . fFTFIEE T T EER
L. SLETETS . SIS, TE 500 C RS
R 1 h, AERPEDER. T RIEERR YR
& EHEXETSARNE 1, LR EEE S,

W1 P TER FHRLE A E T S A

Table 1 Interpass reduction distribution in hot rolling ex-

PpETImEnts

Technological High temperature Low temperature

parameter reglLon region
Pass 1 2 3 4 5
Thickness, mm 44 32 22 1Z2 -]
Reductionm, % 26.7 27.3 31.3 455 333
Strain 0.36 0.37 043 0.70 047
Strain rate, s~ 2.56 3.03 3.86 6.29 6.68
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Fig.1 Microstructures of super—cuoling austenite ob-
tained at different cocling rates (a) 50 C /s,
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Fig.2 Continucus cooling transformation (CCT) dia-

gram of the tested steel
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Fig.3 Microstructores of specimens after hot sumulation
test (a) BS +a small amount of P, 1150 C (80% ),
25 C /s (b) Bg'+a small amount of PF+a small
amount of P, 850 C {70%), 25 C /s (c) AF+PF,
1150 C (40%}—=50 C (50%), 25 C /s (d)AF+a
small amount of PF 1150 € (25%)—1100 C
[20%}-—950 C (25%}—900 C [33%),25 C /s
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Table 2 Measured processing parameters of hot rolling ex-

periments

Sample Start rolling Final rolling Cooling Final cocling

Nu. temp., ©  temp,  rate C /s temp. C

1 111 201 iv 517
2 1143 ani 30 513
3 1121 831 30 510
4 1095 03 11 515
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Fig.4 SEM nicrographs of the partial spectimens after

cottrulled rolling and coatrolled caaling
{a) Nod, PF + a simoll ameunt of BE
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Fig.5 TEM images of acicular ferrite in specimen No.3

{a} fine laths with high density dislocation and
martensite/austenite island between the laths

{b) fine carbonitrides distributed dispersively in
the webs with high density dislocation
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