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Effect of Intercritical Rolling by Hot Strip Mill on the Strength
and Notch Toughness of Plain Carbon Steel

Susumu GOHDA, Kunio WATANABE, Yoshio HAsHIMOTO

Hideo HIRAYAMA, and Satoshi Kijima

Synopsis:

The application of the intercritical rolling on plain carbon steel, of which beneficial effect on strength and
notch toughness was proved by laboratory mill experiment, has been made to hot strip mill.

The following results are obtained:

(1) Both spiral-welded and electric-resistance-welded pipes manufactured of intercritically-rolled coils
show strength of X 52 grade and good notch toughness at low temperature.

(2) Improvement of strength and notch toughness in intercritically-rolled coils are due to grain re-
finement of ferrite and pearlite which are transformed from worked austenite, and formation of substructure

in ferrite worked in intercritical range.

(3) No disadvantageous influence of intercritical rolling is observed such as lowering of strength or
deterioration of notch toughness in welds in comparison to conventionally-rolled steel.

(4) Though the intercritically-rolled coils have the texture in midthickness similar with that of cold
rolled plate with strong fiber structure having (110)-axis parallel to rolling direction as main component,
the mechanical properties as pipes are good as the change of properties due to pipe manufacturing is small

and  anisotropy of yield strength even decreases.

It is concluded that the intercritically—rolled strip is suitable for structural steel required high yield strength
and good notch toughness such as high—test line pipe.
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Fig. 1. Processing of testing materials.

Table 1. Chemical composition of testing material.

C Si Mn p S Al
0.16 | 0.088 | 1.03 | 0.020 | 0.008 | 0.017

Table 2. Rolling condition of hot-rolled coils.

Testing condition Reheating| Finishing Coiling
temp. °C |temp. °C |temp. °C
Reheating Rolling
Conventional|Conventional | 1280 870 575
~ 885 ~ 645
Reduced Controlled 1125 785 585
temp. ~1130 | ~ 810 ~ 645
Reduced Intercritical| 1125 715 550
temp. ~1130 | ~ 735 ~ 600

Table 3. Welding condition.
(1) Flux: TiO, melt type
(2) Wire:2% Mn-0.5% Mo type
(38) Welding current and voltage
(4) Welding speed : 1.9m/min

Current | Voltage

. NO1| 750 Awe.| 26 Veit
Inside surface NO2| 570 2
. NO1] 950 31
Outside surface| NO2| 600 30

D ABOGXWSNE ZHER 12 8 X0 15k]/cm 1ot
5.
2-1-3 MERR
MHREE LCTE@E O B 3 X0 B o35 - i
F - v e v - HRABR AT Ok, KRBT Th D
PR LM R BTE LR 2 B L. %
7e, HEGBRE & IS 2 B oMk, BER O
BEREZTTO. BIE - a8z APT 3B p (3t
BRAIE 1/27) %, ¥ — BB 2mmY
v F, 3/4 3T A XA 7.
2.2 HERER

2:2.1 A FREMEOME

(1) BIERBRE

Ry baAg T, M, BEHYAE D4 7R ORER
Ko, GRBE, 20D =1 VEERR(LER), Fh
LEATE (CHE), BIV4 7o EKRE (RF
) ORBREY Fig. 2 @R, KRS LTz
EEAEDRGEAGRBIEL (2 hIzshil o & 44k
B LOEE S LORBH BIER OMTRBIEMN & b
15 LB D232 DOV TIRBIIBRD), K
TH BT MBBE LN, (ERNS-HEEES I3
EBIT X52 OHEBEFRE Lisys. Zhiext USRERE
JEM CRBBEBRET sBRANE SRS, FERID
L, C, RAFDOEIZHERE X v/, k& X0lEFE
RRCTHD. X52 0F[EME o i  (=46.4kg/
mm?) I FROME ESEBRNDD. & DBESITE
BT WDINEDY 207 LL o X52 o (2 x0.3757
Kin) wxb Ui, BENS-EHEELE, EEINE-SHH

— 065 —



1524 g & W

% 66 4 (1980) 105

R-L. Direction
48 ¢ {o—--o Cc
a6 / R .\\‘
4
"E 42 O e
S 40 o
= - o NG ° e -
$¥ e || X2weey
36 K~\ N
34 ~ N A
3 2
"g 56
S &~—-.&~ﬁ
£ b X
52
[ S —————M——————————i—
50 > * o (0D=20")
~ Ny X
a8 X52 spec. t
7Y el wahs St bl fonr dhudun? Fetter dhasdonll Robien? =TI TTT
438
T m ™ E il
- " -0 .
w40 P V(';‘:: ’;’ —:\
36 ‘\0>'3
32
vos 28 . . X N , R X 52 spec. 2 25.5%
ITIONIN T M B T B
THE COIL. M T M 8
|Rehenting| Conventional Reduced temperature|Reduced temperature
[Rolling”_ | Conventional Controlled Intercritical

Fig. 2. Mechanical properties of spiral-weld pipes
(Base Metal).
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Fig. 3. Charpy results of spiral-weld pipes
(Base Metal).
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Photo. 1. Change of microstructures with reheating
and rolling conditions (Nital etched).
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Fig. 6. Processing of testing materials.

Table 4. Chemical composition of testing

materials (wt%;).

Steel| C - Si Mn P S Al Nb

A | 0.14 {1 0.25 | 1.00 {0.014 [ 0.0050.019 | —

B | 0.14 | 0.25 | 1.00 |0.014 | 0.005 | 0.019 | 0.015

0.016 | 0.006 | 0.021 | —

C [0.12 | 0.28 | 1.00

Table 5. Rolling condition of hot-rolled coils.

Thick-| Process Reheating Rolling Finishing[Coiling
Steel|ness | before temp. (°C) type temp. (°C) | temp. (°C)

(mm) | hot rolling

Reheating Controlled 765 600

A 168 1) 1130 Intercritical| 715 600

Reheating

B 6.8 (HCC) 1290 Controlled - 785 600

s Conventional 845 600

%ﬁgﬁ;t - Controlled 795 600

C 8.1 Intercritical 725 600

Reheating 1280 Conventional 835 600

(Hce) Intercritical| 725 600
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Photo. 2. Microstructure of ERW pipe specimen (Steel C),
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Fig. 9. Hardness of ERW pipe welds
(Steel A, B).
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Fig. 10. Processing of testing materials.

Table 6. Chemical composition of testing
materials (wt 25).

Steel C Si Mn P S Al Nb
Si-Mn 0.10 0.27 1.4t | 0.014 | 0.005 (. 0.044 | ——
Nb 0.09 0.25 1.40 | 0.014 | 0.004 | 0.037 | 0.015

Table 7. Rolling condition of testing materials.

( ) Aim.
Temperature,C
Steel | Rolling type | S0 || Tierive | cotine
A| Si—Mn | Controlled 1150 (ggg) (g:g)'
B| Si—Mn | Intercritical 1140 ( ; ; 3) (g ;g)
o] Nb Controlled 1140 (gg%) (223)
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B & UCZRRBIR R IE s X O° Nb SR4IfIEIE D5 R %
BE Le. BBz =14 A BEORESA S » B (M,
I/4¢t, 1/2t) @ouC ND #EHN, EELROH
ErfTolc.

* BIEINII Ay a4 VRRL TV DEE YN, X52kD84
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it UL A o MR TREN LT %

a DR RAHBIITE O r OB FHEMEEL, 1D

Fig. 12. (200) pole figures of rolled specimens: (a) conventionally rolled Si-Mn steel
(specimen A), (b) intercritically rolled Si-Mn steel (specimen B), and (c)

control-rolled Nb steel (specimen C).
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Table 8. Formation of ferrite texture in intercri-
tical rolling.

1. Transfomation texture
Original austenite Transformed ferrite
texture texture

(recrystal) {211 }<111 ), — {311} <011
(rolling ) {10}< 112>, — {332} < 113>
(recrystal) {100}< 001>, —> {100 } <011>

(rolling ) {321}< 214>,
(o }<m>7]—>{ 211 <o)

Alloy type —I:

Pure metal type{

2 . Rolling texture
Fiber structure
<10 >/ RD
< 111 >// ND
< 110 > // RD—g0° :

{100 1< 011 >~ 211 1 <0N >
LULIC0 >~ 12>
{211 1< 011 >~ 554} <225)>

EEHBIME Y, FESECHE O CEEELAHE - 7
EEAEB R, ThZThhbEREB LIca DS
PR s h 5. HOLTE&E OFEEESHBRC IS
SR LMESBR O 28R DD, 1 EEOBAMEITERE
CEWT, BERXERETEERILSD, £1LC th
Thor £5882 5 K-S BRI O TERTLE L
THEE S hic e DRGHBERPICR L7,

a OFEIEEAHAR & Uik 3 B oMM R EW
mboE LTEDBIS. T7abb (110)) RD, (111)
IND, <1105%RD-60° ‘T2 %12,

AFFROERELY & OF» LHETE T 5 & LA EL
iz #iesBEo v BREGESHEHRE» D ZRE L 5y
{110} O11Y A E /AL & L, ElFAzE LT{311}¢233)
R {654} (225) #H T 5 b D, LBMERIRELEM I 7
EIEL AR DR L {21101 JFze, #yv
(1103/RD  #AERR: & 55\ (110)/RD-60° #AERR L
bl o FEEEHBIHA LESHEBI BRI
5EEZ2 bha. Nb SEMEELES % r OFEEESHBS
2 BARE Lie {211}(011) %X Ffir & Li-EEHEBTH
5.
U EoiERE % L5 &, HRMIMARIREEMCIIRE
T bHIbh T 5 o ODFEEE S A ZERY> L T2
EABERIEEREh S, Nb SO FIHEIES X OZ4E
WEENT AT, OREGHEMBOR, OEBEEINI
Wi E DR TRIEDOTE Y, HBEIEE O RS
ThHEEZDNA.

42 BECKI2BHAMEOEIL

I TIREBC X 2B YT, WS ORME
ELTRIEERERE R XU vTts OZE 20Tl
~5%.

4-2-1 [BRE D%

AL SR LOBRRRE O&BENED, L, CHH
DORERE OBb%E Fig. 13 1257F. 22 4 5 V&
2.1 1T, BRMEIL 3.1 (Steel A, B D&K) R~ 7

Direction : Open mark Longitudinal : Solid mark Transverse
60 — 60
& {a) Si-Mn steel Fd {b) Steel
g | Rolling g Rolling
< O Conventional N A Si-Mn } Controlled
E‘\ 50 | & Controlled g 5 v Nb
~ O Intercritical <%0 O Si-Mn Intercritical
o o Yy
k-3 £0°° o 4w
Q Q A y.
LS 4 ow
w a » 40 ®
« © A
o t =9.0mm a t =6.8mm
> t/D=2.0% > t/D=3.2%
( e ! | 1 1 | ! i

w
S

w
>
@
S
o
=1

40 50 60
YP as coil (kg/mm?)

40 50 60
YP as coil (kg/mm?2)

Fig. 13. Comparison of yield point before and
after pipe manufacturing: (a) spiral-
weld and (b) ERW pipes.
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HIhTwb., oAy vy —2hRiEE Lk
REBE &, R M7 Mz E K&<7eb

Lo HBBARETHATSZ 212X Mbh T 51910,
—77, MITELx—BCEREOEC-HEHZ ERE WD
T, BMBERROECHE ST T X ABRRE O LAE
g K&, HEozZ &b, Fig. 13 o flick\ T
b, LAEROBERE (nTELSTZEACS) TIRER
MRS BN & BB X5 EREN K& WE
L, B CHAORERE (v vy —2hR LmIEk
N5 VA EJALRIED EE DT B) REMER AN
BUWHBEEROBEREOETHAE VL EE2R LT
5.

BREDBE I Ny v —FERERC B DI1LC
FRTHHH, BEREO MFHRN Bkt s HFEN
L, CoOHRE? R4 5 VRE DBE OB EOMHE
NEFEOBET X 5% & SICFECRER Lic. #
RAHIT 4 1 ek CHEEHB LY HE Lk = 1 1% 500
¢ X9.0mm DANA FAEECEELILDT, =24
SV CHRTE P 5 5 ) CHEMRGRER % 1T o T B AN IS\ M2 E ©
R4 T LRBRERIGET A RS LR LRABRELT
i, FERESE &R R OFEUS RO e T AECKT 5
R E D% Fig. 14 @ind. ke b af rOEEHE
BRI L TR A OB R B EFTE R D NI . H
TEMZSREIR FE LA B oRR A L Ji 10 b C e A
STHIECHMT B2, =Dz — ik {100}<011) %
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Fig. 14. Change of yield point with specimen
direction before and after pipe manu-
facturing.

FEHAE LT, {3113K0115, {332}<011)Hir% & ivia

CEHE I T SRR E ) DEMEMICHBTE S
®. %7z, Nb SRHEIELEM C ORER L 45° F1A CHE
IMBEZ & B2 & — VITRERIRE ST % Nb giZ5RER
FEEHM 0L DE—FK L THkh?, Nb S04 RKERER 75K
THIE Lz s EL DS IBEBHRTH 5.

RIZ A 7 DR EOE ARG O\ THEET 5.
TR I FEIER A VT EMBER R DMEN O T TRE bY
KELITRCO AT EEERO BREOTN ®L b
75, L, CHREERTRARCE 45° K (R
LEEFH RO T BEL 44.4°) © EREN RHPS
V. Zhin b, 2:2:1 Tl R E ORER S ARSI
e b ERFERIEMOESHEB L VI TOoFETHL
Epaibins. REERIEIEM B Cii LMk kR, CHEA
BEA LT EH TR bhiek s ARG 12 BT
%. Nb g CIrEMBRENE O TEH I E SRERE
HETL, FEEIOTIFRRB X v EWERZRT LS
winh. ¥, Nb fEREEMCEHE R OE P
BAHMEIEBC I OTHBE IR, 20X 5
MBI IEM DEESHBT 1 7L LTREBERD
LAIF#ECH 2 TRE DR EOEITHEIBAT 5.

4.2.2 WHEHEBBREOZEL

ARLGABIOBRNEG LEEM 241D vITs ©
Bi%% Fig. 15 wrd. &k Fig. 13 LA —TH
5. —e i T fE 5 B S ER OB RE
Hix vits D ERHAREVISRELDNRDD, HTL
LF0 X5 REREE bR TWRW. e, L FHEO

Direction : Open mark  Longitudinai : Solid mark Transverse

0 s -20

(a) Si-Mn steel (b) Steel
- Rolling 1) Rolling
O -2} L wf
= O Conventional 2 Z A Si-Mn L Controlled
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Qg ., S gl
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© ° 2 ©
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@ o E 100
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Fig. 15. Comparison of Charpy FATT before and
after pipe manufacturing: (a ) spiral-weld
and (b) ERW pipes.
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Fig. 16. Change of Charpy FFTT with specimen
direction before and after pipe manufac-
turing.
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Xt U 22.5~90° FaCRE A TGS L 5 vIts O
EARZ BN DN TN TRELICES B & & b h
%. —7, Nb SREMELEH CiiE&E e X v BRIRAIE
TLTWBFhED, vIs i3 R L CH b, Fig. 15
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vIrs DELIINE L, DR Db b BREIEREEM 23
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P EDBEEBOMBOEEOBILORELRIISE
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JARME LB Lo LR LT EE 2
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