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The Effects of Hot Rolling Conditions on Strength and Toughness
of Bainitic Hot Rolled High Strength Steel Strip for Line Pipe

Synopsis :

Jiro JIZAIMARU and Hidenori SHIRASAWA

Effects of controlled rolling conditions on strength and toughness of Mn-Mo-Nb steels were compared

between their structure of ferrite-pearlite and of bainite.

The change in strength and toughness with

the rolling conditions between slab reheating and finish rolling was nearly the same with each other.

The bainite steel showed superior strength and toughness to the ferrite-pearlite steel.

Toughness of the

bainite steel decreased with increase in bainite area fraction resulted from the variation of controlled

rolling conditions.

The investigation was also extended to the effects of cooling rate and coiling temperature, as cooling
parameters after controlled rolling, on strength and toughness of Mn-Mo-Nb bainite steels different in

carbon and molybdenum contents.

Both strength and toughness of these steels were improved by

increasing cooling rate and lowering coiling temperature, although these conditions resulted in the

increase in bainite area fraction.

These mutually contradictory effects of bainite area fraction on

toughnss of bainite steel were attributed to the difference in appearance of bainite and size of the

coexisting polygonal ferrite.

The remarkable increase in toughness caused by the accelerated cooling rate after finish rolling
corresponded well to the increase in area fraction of the extra fine (1-2p¢) polygonal ferrite which
nucleated on the deformation band of unrecrystallized austenite and remained small during cooling.
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Table 1. Variation of hot rolling conditions.
Slab reheating gglg&g at glesrgaséatures gg{g&g aé tseg'%ratwes
Temperature Temperature Reduction  Temperature ,Reduction

(°C ) (*C ) (%) (*C ) (%)
0
1100 0 25
1200 1050 20 850 45
1150+ eeveenee 1000 -+~ 40 =----- 800 --- - - 60
1100 950 50 750 70
1050 700

Note : Always one rolling condition was changed from the basic
rolling condition shown by a dotted line.
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Fig. 1. Effects of slab reheating temperature on

strength, toughness and bainite area fraction in the
controlled rolled and simulated coiled steel.
(0.059,C-0.049,S8i-1.652,Mn-0.212,Mo-0.0387,
Nb-0.00489;N)
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Fig. 2. Effects of hot rolling temperature above
950°C on strength, toughness and bainite area frac-
tion in the controlled rolled and simulated coiled
steel.
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Fig. 3. Effects of hot rolling reduction at 1 000°C
on strength, toughness and bainite area fraction
in the controlled rolled and simulated coiled steel.
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Fig. 4. Effects of hot rolling reduction at 800°C
on strength, toughness and bainite area fraction
in the controlled rolled and simulated coiled steel.
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Fig. 5. Effects of cooling rate and simulated coiling temperature on strength, toughness and
bainite area fraction in the accelerated cooled and simulated coiled steel 1.
(0.059,C-0.122,Si-1.5625Mn-0.2895Mo-0.0449,Nb)
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Fig. 6. Effects of cooling rate and coiling tem-
perature on strength, toughness and bainite area
fraction in the accelerated cooled and simulated
coiled Steel 2. (0.099,C-0.2629,Si-1.602,Mn-0.11
%Mo-0.0432;,Nb)
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Photo. 3. Effects of holding temperature and holding time on microstructures of the controlled
rolled and cooled simulated coiled steel. (0.062,C-0.029,Si-1.762,Mn-0.329,Mo-0.049%,Nb-

0.00159;N)

BIE—ERROBMMEY =07 2 54 FEEROM
KB~ 1 P HEROH KT L bbb
LY, MOBHEEBREX K TH50LRchH, BEHM
EVTFA 7 54 PRI DECHAK OO EY =
FAT 2T A FEEORKIIASA T RO
ko, HBEOMMEE MESTHO B EER R
2L LTS, Laavo T, 171 OB g
b 3 7 v RERO AL £ JE S TEET LT,
HEEZROWHBE TORLERBE <o 1~2p O

MY T LT 251 P OERABREY S X LTS
TEMMBBETHEAS S, F 2T 0.06C-0.02%5Si-1.76%
Mn-0.322Mo-0.049% Nb-0.0015% N 88 {5 &€
(1150°C hp#af% 1000°C ¢ 50% T, X5z 800°C
T 64% JET) #, 3.3°C/s OFE THARDOERARE
EEXBTAH— AT > 1 P OEREBRRAY NI L. &
i Photo. 3 (273, ff LT 800°C 2.5 740°C
FTOHHIUEIA— AT F A D07 2 F 1 b~DE
IR A LT, BRI TRI#EI R Y =

93 .



94

g & iR

FUT 2 FAMNEDOLNEDRTHDH. X5 650°C
WD THY) FA7 2S5 PBETHRE LT W 2
2, TOHROKRERXHTNT H H 550°C ¢ 20min
BEFLTLEY 717 2 54 FIZEERIRIAT L, &%
MI~A 1 b EIFFLTVS, Zhiest L, 650°C G
RHIDERYTHA7 54+ DRRENIER LD,
20min EITIXH KR HE Y 2 F L7 254 FAEEE L 7o
7274 - R—F A4 VAKELB., ZDX oL, HE
FIEC X OTH USROBHEYAER YY1 P & LT
A—RATFAMNBT7 251 MCERE L &80
RYIFAL7 2540, 2OROGHEELHXHH
BECHAC I DOTEEMS T EH5VITHBE L+
VIFN7 2510 L LTHEET AN, BROA—=
TIFAMYDLILIER (7251 FEXMH+1 DO
BRILFIR) BTN AF 1+ EBEAAEY 25147
=FAPPERL, BYVISFALT7 2514 b E~NLF1 F
ZELTLIEBPHRINL Z Ehbns,. Tihibb,
FA=ATFAINHT 2514 b ~DOTHRFERTEI
LULLKHETTEIEECILT =51 FERBRE A F 4
RO T HHEESFEL, 7 =51 P BRK T
B BB A Y 5T 2 5 A b BT E B A
FTALPERFTH LB EDEEL LR,
422 BIMCE IETSAM 71 rERROBE
—ERE 7 =51+ - =5 4 MROBIMIL R Y
TFAT T4 W siz s WET S o LM
HLRTLB0S, 2 - CRELGCHEELEED 600
°C ERBUBHCOWTHY 717 2514 VRIREE
t & OBRE AR Y Fig. 7 it AROEL
DIEZ KBRS 1 Bcox o A —BEBBR
BEHH I°CCELTED, b0 oWlREICLoT
BEIRTUVAES KTV DTHS LrLRANL

o

8

< o inite mixed

'5’ 20 ¢ s(lpucilf:r‘ees painite m

@ ¢

é 40— ‘

= e

8 o S

& 8o .\Q\.

v

§ -100— \\

s @

“ 120 | ] | ] i ] ] ]
8 10 12 14

16
Ferrite Grain Size dvz (mm"2)

Fig. 7. Relation between ferrite grain size and
notch toughness in the controlled rolled and sim-
ulated coiled steel at 600°C.

69 4 (1983) 1 %

20
o of /7
v 20— c
oarsenin,
o
§ o .
.E, I @) 4
= 60— Microstructure
s -7 O
= -7 S
@ -80}— - o
] Reiin‘ing [e) Oo/
=
L -100— fo) @ indicates basic
,‘E o rolling condition
@
32 -120—
2
P IR I N I Y S T S
0 10 20 30 40 S50 60 70 80 90 100

Bainite Area Fraction ()

Fig. 8. Relation between bainite area fraction
and notch toughness in the controlled rolled and
simulated coiled steel.

D, “MFM M EEUMTITI N TS TR GRE b 41
—7 =71 MBECRT30M EoOTR D, #HETS
7271 MR IOVERTHDZ ENbME. ZDLH
C, RYVITFAT7 54 b G AF1 FSAOWM
RY IFAT 254+ OFHRRTHHET S 2 & 3A0]
BETHO, THMsOlE HEO~NAF 1 bR

VIFAT7 =251 F O EROWESHETHS,
1714 PO R XiFT 7 , b1 OB
LRATIRV 20, BIEFEEAY S /oot <151+ 3
OB DA FHEi % FTEEIC T 2101k 7o DT fe L & &
zbha,

ZTT, A 71 P EROEEH DB &3t
LIEDIEDE LT T B0, SIHEIES M4 2 <
BIBEONA 1 b HEERE WS ORG-S
A% Fig. 8 it ARID, <131 b EEEI
MUEY IH A7 =51 FAEENBITBIEEY 0
E-EEBRENELROTE D, KOS OPE
FEOREDL KL TS, ZhbLOPHRICKTi2
WTFRD AR > A ERROMIMENA F 1 R Lok
FIaR)IFNT7 254 rOEAERE DT 5
ROBPHFERBRE—-H LT 5.

ETHY, HEEESOAHEEY EH1-BECIL,
Fig. 9 RT 2L <M+ 1 + ERK #mT 224,
bbby V- RHEBBREIMEL £OoTk b,
Fig. 8 R L 3 oEALY KL%, Fig. 9 35
WTIBLIEERTNER, Yot C-—BEBBREN
BTETLIIUD B 7 1 FEEBNEEL, Fhit
BEMYBRECIOTERLSTWEHTHS 5.

BEXD, HEEEEH, FOROAHEHD TR
PELIRIBETL N+ 1 MADEEOT(EE ~ 1

— 94



F 4 FEAMEOFDOARTHMHTLZ L TEivwC &

NHELMLTHD

423 MK EIETHAEY 747 251 R
REoE

NAFAL PP OBHAKEY ST 25 PSS

o

40

2

2 aD===p Steel 2

& -e0- ~

R A A. a

E 80 Coiling Temperature N .

= A ®--...560°C A — — My

2 A — 590°C K

24100 A O—— 620°C

E Quo===0m=0. _  Steell

q 20— \\o ob ----- -9

5 ~—— o

“ 140 ] 1 ] 1 1 I ] L 1
0 20 40 60 80 100

Bainite Area Fraction (%)
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ated cooled and simulated coiled Steel 1 and 2.
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