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New Method for the Production of As-hot Rolled Dual Phase Sheet Steel

Jun-ichi MANO, Minoru NISHIDA, Tomoo TANAKA

Toshiyuki KATO, Nobuo AOYAGI, and Nobuo YAMADA

Synopsis:

- For the purpose of developing the as-hot-rolled dual phase sheet steel, hot rolling conditions and
subsequent cooling pattern were investigated by using 194Si-1.5%Mn-1.0%Cr steels with carbon
contents of 0.059,C and 0.089 and 0.0595C-1.0%,Si-1.59%Mn steel.

In order to study the exact transformation behavior immediately after finish-rolling, hot-rolled strips
of these steels were stopped on the runout table and water-cooled and/or air-cooled to room temperature.
This unique experiment exhibited that the optimum cooling pattern consisted of three stages;

1) rapid cooling to a suitable temperature (~700°C) to increase ferrite nucleation sites,

2) holding at the temperature (~700°C) to enhance ferrite transformation, thereby stabilizing
untransformed austenite due to C and N concentration, and

3) rapid cooling to a coiling temperature to avoid the formation of pearlite and bainite.
Experimental rolling was performed at the production mill. The steels obtained showed dual phase
structure with excellent tensile properties {in terms of low vyield to tensile strength ratio and high

ductility.
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Table 1. Chemical compositions of steels. (wt%).
Steel o] Si Mn P S Cr Al
1 0.05 0.99 1.48 0.018 0.002 1.09 0.032
2 0.08 0.96 1.49 0.017 0.003 1.60 0.039

3 0.05 1.00 1.54 0.014 0.002 0.06 0.034
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Fig. 1. Schematic illustration of cooling curves
of strips after finish-rolling on run out table.

Table 2. Slab-reheating temperature, SRT and
finishing temperature, FT.

Steel
1 2 3
SRT (°C) 1150, 1250 1150 1150
FT (°C) 780, 810, 860 810 810
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Fig. 2. Effects of finishing temperature, carbon
content and slab-reheating temperature on ferrite
fraction of strips water-cooled immediately after
finish-rolling.
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Fig. 3. Effect of air-cool starting temperature on
ferrite fraction of strip air-cooled for 7s after
finish-rolling.
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Fig. 4. Effect of air-cooling time after water-
cooling to 700°C on ferrite fraction: Slab-reheat-
ing temperature and finishing temperature are
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Fig. 5. Schematic illustration of cooling patterns
used: Air-cool starting temperatures for patterns S,
A and B are 600~760, 500 and 800°C, respectively.
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Photo. 2. Microstructures of steel cooled by various
patterns: (a) Cooling pattern A, (b) Cooling

pattern G, (c) Cooling pattern B, (d) Cooling
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Photo. 3. Scanning electron micrographs showing typical as-hot-rolled dual phase microstructures:

(a) Cooling pattern A, (b) Cooling pattern S.
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Fig. 6. Effect of cooling pattern on tensile
properties of steel 1.
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Fig. 7. Relation between elongation and tensile
strength of steel 1 obtained by various cooling
pattern: Slab-reheating temperature is 1150°C,
finishing temperature is 810°C and coiling temper-—
ature is 450°C.
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Fig. 8. Effect of slab-reheating temperature on
tensile properties of steel 1 cooled by patterns, A
and 8§: Finishing and coiling temperature are
810°C and 450°C, respectively.

(b) Cooling pattern S.
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Photo. 4. Transmission electron micrographs of steels: (a) Cooling pattern A,
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Fig. 8. Effect of slab-reheating temperature on
tensile properties of steel 1 cooled by patterns, A
and S: Slab-reheating temperature and coiling
temperature are 1250°C and 450°C, respectively.
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Fig. 10. Effect of coiling temperature on tensile
properties of steels 1 and 3: Slab-reheating tem-
perature and finishing temperature are 1150°C
and 810°C, respectively.
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Fig. 11. Transformation behavior of 0.059,C-
1.094S1-1.59,Mn-1.09%Cr steel deformed in low
temperature austenite region where acceleration of
ferrite formation and suppression of bainite are
observed.
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Fig. 12. Various cooling patterns are super-
imposed on GCT curve of 0.059,C-1.0%5Si-1.5%
Mn-1.09Cr steel deformed in low temperature
austenite region: Pattern S is most effective in
producing dual phase steel.
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HRHH Az — v EEEMT CCT Ropg{f% Fig.
12 w#ERCRd. ZHMRE x — v (R —v
S) o¥f, tETFEEBERCEBR THDOT, 7T
L DEEBANEB YT 5. D) a FEEDOBGHER
PR~ BET 5. %k a LED / — KO b
& A EBAHERT LT WRER (Ta 2 720°C) T
L LT BES T Aedic, Fig. 3 IRl X 51
aB3WH e DL B IcH. DX DI 2HNERSH-S
Z2—vEkBRATAHI LR LY, aFE I S OLL{EET
5 eV HENLERS (C, Cr), =35 FIRBdRE, kB
EERENZL LTI E LBV, £ LT, REErH
i C, N BB 5700, RERE r HIXLEEXRL
A FA b OEESIFIS B, TOBR, EL LT
AT A b DT B 2 EAGI IR E RS, Tiob
% coiling window? LFHITM T b =2a LEZREHO

B4t GRE &RefE) @I ERTHC Licied. i
FaB s - vA) OFE, ZHAMAH - LR
By MR35 EETARILE L, o ZEOAILE
WA, a BREDMETT IS E e+ B S 2 Hhisys
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SNV DEREEE LD, B 2HEPRIERT F1 b
WE A, RET S, —F, BFad s —v (fz2-v
B) oifif, fEFEEEZOESTIE THREIhB D
oy BB LW EIEEA AR L, o« BREOR
PRITEL D, a BRELHEFT L (D, o2
HMESHM TR Ta g e, a FRIXEL K
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LAED & & 208, Si-Mn-Cr §# 35 X O° Si-Mn $f T
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SA PEEIBEDRIIC A AESWMOVIRE: TERT
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EV B

5. #& E]

0.05%C & 0.08%C #%4H+5 Si-Mn-Cr §&
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OB ICBAE ¥ ¥ #AHBRR DR O RS & v RER
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20s DI CRAfECA S . COHSIBMEY =
N7 =254 b EBBCOE LIc=AT VA b b
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(3) =S4 PRSP IO>TERRLLH, £ ETE
HE%K) 20~50s 224 LI A1 g 650~700°C IR
THERTS.

(4) AfEEROBRE Xuf, Si-Mn-Cr $Ci2ft
FFEREEZRT 720°C ¥ TKE L, ZTOHBRWORAES
LCaA A EECOT 2N BAEM S 2 & SR
HAMEL, HUDERTVS.

(53) =0 2HNBEAH (Ta=720°C) %f727- Si-
Mn-Cr #8044, A5 7MBEEH 1 150~1 250°C,
f B FFIER TIRED 780~860°C, + LT = A L&
REEDS 550°C LITF T, fHRL & MEOEIIIEF NS
WRIFLEASRABSE RS, T 2HESEGH <
F— VBB OREAA X D TRE L.

(6) —Jj, Cr & Ly Si-Mn o8& iz
Si-Mn-Cr $izlt LT ORI/ NE VA, 2HSES
Hoz—vOMERRDLND. LvL 2 ALBEERD
RE% 200°C LIFw Ufchh il &R S bh 3%
174 1N

(7)) ZhoofERrs, 79 b F =7 ETO
THEZE A HET 2 EMM T CCT K% 0.056%C-Si-
Mn-Cr §iCIER L, hieiE3% 2SR x —
vhiia R 0oL HRES ¥, LoD ITEAHEY
Brolmlic s EER L.
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