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Manufacturing Process of As Hot Rolled Dual Phase Steel

Tomoyoshi OKITA, Yoshihiro HOsOYA, and Kazuhide NakaOKA

Synopsis:

The effects of processing variables and chemistry on the microstructure and the mechanical properties
of as-hot rolled dual phase steel were investigated in relation to transformation behavior in order to
optimize the processing condition. As-hot rolled dual phase structures with good strength-ductility

~ balance and low yield ratio below 0.60 were obtained, when C-5i-Mn steels with such plain compositions
as 0.04~0.109,C-0.5~1.5%S3i-1.2~1.79%Mn were rolled at finishing temperature above and near

Arg point and coiled at temperatures below 200°C.

Si was so effective for strengthening without

sacrifice of ductility, and for broadening the suitable range of the finishing rolling temperature.

Deformation of austenite accelerated the transformation into ferrite and raised the Ar; point.
The rise of Ar, point was remarkably influenced by deformation temperature, holding time in austenitic
region and Si content. The optimum thermomechanical process for producing the dual phase steel was
discussed on the basis of transformation characteristics of deformed austenite.
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Table 1. Chemical composition of steels used.(wt2). ek X H 950°C = r (b8, 1°C/s mv i 80°C/s D E
steel G Si Mn P S sol. Al N HEE R T CCT Ra ki, 7 bkodigaHwin
1 0.07 0.44 1.07 0.007 0.00¢4 0.040 0.0052 R o L
2 0.07 047 1.30  0.007 0.004 0.047  0.0058 X rIREIRT 0% O B k5 x, WL Shicro
3 0.06 0.72 1.67 0.007 0.003 0.04]  0.0060 CCT Kb Rdt. FHFED 7 L%, riR< 40% o
4 0.07 0.5 1.52 0.012 0.00¢4 0.048 0.0057 e . . .
5 007 L2 149 0007 001 0.06 0001 IMTHRERRIF L, TOEK 50°C/s TakT2THS
6 0.07 1.48 1.52 0.011 0.004 0.053 0.0053 820°C ¢ 40% DINTH\ DA Ary SLLFiz 50°/C
7 0.04 0.94 1.43 0.009 0.00¢ 0.040  0.0069 ﬂ, _ .
8 0.10 1.00 1.44 0.009 0.00¢ 0.046 0.0059 TRHE L, fk 10sec FCEEMHRFELTCHEE 50°C/s
THRF CRETHHMIT YA 7 LOEBRET, 7=
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Time
Tig. 1. Schematic representation of hot rolling 3. £ B & &8

simulation.

Table 2. Example of pass schedule.

Pass No. 1 2 3 4 5 6 7 8

60 — 48 —35—27—20—13— 8 — 5 —3.2
(1150) 1100 1070 1059 950 900 870 840 800

Thickness(mm)
Temp.(°C)
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FIRRBRIEEEAS AW ER L= JIS5% (GL : 50
mm) REAEAWE. BoRiseet (ED) fEimou
T, BFEBEMOBRE L LEF LT\ B4 Y —
DAL AT 2.9mm EHYOE LR LY. 7=
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Photo. 2 1= 1.5%Si 80 Ar, HBELRCBETFOH
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Fig. 2. Effect of finishing rolling temperature on the tensile properties in various steels;
Coiling temperature was 200°C for all steels. :
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Photo. 1. Change of microstructure with finishing rolling temperature in 0.07C-1.0Si-1.5Mn steel;
Finishing temperatures (a) 900°C, (b) 875°C, (c) 850°C, (d) 825°C,
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Photo 2. Microstructures of samples finished at just above and below Ar, point in
0.07C-1.58i-1.5Mn steel; Finishing temperatures (a) 850°C, (b) 825°C.

Photo 3 Substructures observed by thin foil transmission electron—mxcrosgopy, O O7C 1. SMn
steel, finishing temperatures (a) 850°C, (b) 825°C.
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Fig. 3. Effect of coiling temperature on the tensile
properties; Finishing temperatures of 0.5%5Si steel
and 1.59;,Si steel were 800°C, respectively. )
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Fig. 4. Effects of , Si and Mn content on tensile
strength and total elongation.
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Photo. 4. Microstructural change with C content;
C-1.0Si-1.50Mn steel, finishing temperature 825°C,
C contents (a) 0.042;, (b) 0.07%, (c) 0.10%.
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Fig. 5. Dependence of yield ratio on chemistry and
finishing temperature and obtainable range of
ferrite and martensite structure.
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Fig. 6. CCT diagrams of deformed and undeformed
austenites of 1.09,Si steel.
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Fig. 7. Effect of deformation temperature on Ary
transformation temperature.
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Fig. 8. Effects of isothermal holding temperature
and time on the fractional polygonal ferrite.
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Fig. 9. Progress of gamma-to-alpha transformation
of deformed or underformed austenite during air
cooling; Rolling reduction was 502, in one pass
rolling.
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Fig. 10. Effects of volume fraction of second phase
and Si content on the product of tensile strength
and elongation.

BT X B REREMHETE, 5EEEHERS Py -2
DHE7 =54 VB ~OUOTHEFRETHRE E2bh
5.

4-2 FIEMIERG S EERTH

FERN CHEE 7 » bOEFGRHOE AL OES
HEE (~80°C/s) TH B Eiix F+B HEI X
N, —H7 =54 M2 Ar, STRGCEERTEDOIC
SRR E NS Z Lot ThODERLLE
Yie F4M B2 —FE at+7r 9L, &
EILLIKREREr 5 v o F TRE AT a4 ML
TAHALE DD EHEI R, ThbhbbEENCETE—
HEBERL s I n 54 EFRED BB, BE3iud
tt EF B ambEn E coRB P SMRIREN Ay, S%
UaHENPCIDVREZI D E W2 5. AEAHEBMD
B AERE CCT X & 0B E CHAM I Fig. 11 o
IO5WRdND. FEAFFBEOESEZETRE T, »»
DEEMHIBEZ CRHINDM, Ary H-T, HTLE
C7=74 bOMER L, REE 7y XLEL UBEAM:DE
35, R LZDOEORSEE C DX THb, Si
£ Mn Z13BJ5 Uity oz &2 XMA X5 #
EEF » b ERI . BE T, 12 Ary, SLTF 10
~20°C THRE, 7 = F1 FDOERTRER 4T
H5. =0 T, BHEMETHCIL Ary ESE Lot LiFc
AR 02 T XV, A EFRES BWBATiT
Ary ARG CTET 5708, AL -ED
BRTRBECTILENDS. BESAETRED LR
WIBIES A vOFTEY 5 2Rk, T, &
ENHRTEDEHCERIRS.

DERE VR RED LRI OWTHRE TS . Han-
sEN LYW TS CoOEBERLTERKE AT vy g
PO TEAZINI <MY 9 7 A7 =51 + FROTE
B ESE, CoRBECACR IV ELEEZEIL

CCT for_primar
CCT tor untransformed
Tandem mill rolling rat T

Temperature

Time

Fig. 11. Schematic illustration of CCT diagram of
as-hot rolled dual phase steel.
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Fig. 12. Relationships among carbon diffusion and
yield point elongation and coiling temperature;
Solid line was calculated using the heat cycle shown
in the figure.
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