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Synopsis:

The purpose of the present study is to investigate the main manufacturing and microstructural features
of as-rolled dual phase (DP) steels, characterized by a combination of excellent ductility, formability, and
high strength.

It was revealed by a laboratory simulation that the DP steel with required properties could be obtained,
when a suitable combination of chemical compositions and rolling conditions was chosen. That is, 0.05%
C-1.5%,8i-1.6% Mn-0.5% Cr-0.25%Mo steel, 0.05%C-1.5%8i-2.2%Mn-0.20%Mo steel or 0.05%C-
2.19,8i-2.4% Mn steel should be finish-rolled just above Ar; point and coiled below 600°C.

From the investigation of transformation behavior by dilatometric test and micro-segregation analysis
by EPMA, the mechanism for generating the DP structure is considered as follows: Silicon is so effective
for polygonal ferrite to be formed quickly and easily even under an accelerated cooling by water spray on
a runout table, and at the same time carbon is enriched in the untransformed austenite portion. Most
of the austenite transforms to martensite at the range of temperature lower than 300°C even under slow
cooling after coiling, due to the increased hardenability attained by the enriched carbon and the presence
of molybdenum, chromium, manganese, etc. in solution.

The constituents of untempered martensite and high volume fraction of polygonal ferrite bring about
the same mechanical properties in as-rolled DP steels as in heat-treated DP steels. For example, yield
ratio of the former is as low as that of the latter.

Also, a retained austenite was observed in as-rolled DP steels by transmission electron microscopy and,
from an X-ray diffraction technique, the volume fraction was found to be 1~3%.
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Table 1. Chemical compositions of steels (wt2).

Steel C Si Mn P S Cr Mo Al N Remarks

A 0.05 0.85 1.04 0.021 | 0.005 | 0.70 0.28 0.04 | 0.0043 | Silicon content was
B 0.05 1.50 1.12 0.004 | 0.003 { 0.48 0.37 0.07 | 0.0057 | changed

C 0.06 0.52 1.54 0.004 | 0.005 | 0.50 0.24 0.07 | 0.0054

D 0.05 1.00 1.72 0.009 | 0.006 | 0.49 0.24 0.03 | 0.0063

E 0.05 1.53 1.62 0.004 | 0.004 | 0.51 0.25 0.07 | 0.0053

F 0.007 1.53 1.59 0.003 | 0.004 | 0.49 0.24 0.07 | 0.0064 | Carbon content was
G 0.02 1.60 1.60 0.003 | 0.005 | 0.49 0.23 0.07 | 0.0086 | changed

H 0.10 1.55 1.62 0.004 | 0.005 | 0.51 0.25 0.08 | 0.0059

I 0.05 1.55 1.62 0.003 | 0.003 | 0.49 * 0.04 | 0.0139 | Effects of other

J 0.05 1.50 1.55 0.003 | 0.003 * 0.24 0.06 | 0.0145 | elements

K 0.05 1.49 2.17 0.003 | 0.004 * 0.19 0.06 | 0.0018

L 0.05 1.54 1.60 0.003 | 0.004 | 0.49 0.24 * 0.0093

* indicates ‘“‘not added”
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Fig. 3. Effects of carbon on the tensile strength of
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two-stage carbon replica
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base steel : 0.05%C-1.5%8Si~1.6%Mn-0.5% Cr-0.25%Mo
Photo. 2. Microstructural change with removal of chromium or molybdenum from the base steel.
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Photo. 3. Microstructural change with finishing temperature (FT) in steel coiled at 550°C.
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a) andb) :0.05%C-1.5%Si-1.1%Mn-0.5%Cr-0.4%Mo steel
c), d), e), and f):0.05%C-1.5%8i-1.6%Mn-0.5%Cr-0.25%Mo steel

a) martensite plus retained austenite

b) lenticular martensite (magnification of a))

c) lath martensite plus retained austenite

d) dark field image of lath martensite using a (220)« reflection
e) dark field image of retained austenite using a (222)7 reflection

f) diffraction pattern from selected area of c)

Photo. 5. Electron transmission micrographs of as-rolled dual phase steels.
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Td, RETHNTF ¥4 hoEEZRLT, <7

a) Tempering test ofdual phase (DP) stee

[ Air cooled
2.0 after T°C x 20 min

.1.0’—

0.0f—
[

YPE (%)

] | l ]

b) Dilatometric test by Formastor

e3> Length-

0'As 100 200 300 400
‘rolled
Tempering or reheating temperature (°C)

Fig. 10. Effect of tempering temperature on yield
point elongation of the dual phase steel,
having a composition of 0.05%C, 1.539;
Si, 1.629Mn, 0.519Cr and 0.25%Mo.

YA MERRIZ & D S HRIESRIC X D 4 Ui Rig—T
NEBIE I B 5 VIR~ BHOEARE 2 Sh 5.

EELIL, FEAMCEL T, RICBRRBHMIC X
D, DH—RFTEARISHOBREBRE VWL EL T
Wa. DED, ©® Ms H2% 300°C DUF L IER TRV
TERROBGTTH, +oRBEHBEET 5. OF
BNOZWIETO Al EIRMOBEAMT HBREEIRR
DONIR. @FED & LREOHKSE, Fig. 10 R+ L
BD, ST YA FBHRE LTS ICIEE L NESS
ﬁ%%éhékﬂbhéSMTlutﬁ,%ﬁﬁ%ﬁi
Crz.

mE, N4 FA MERRT K Si gMix Fig. 2-a) i
RYER D BREARYS FAETB5,  Zhik 2oZies
300°C X » BICEIRERICH 0T, BRBOBEHIZHN
WEHPBRESNGDEELLNRS.

Fig. 4 B 2 ®WiRHE ETFD 1.0%Si $0dH 51,
Arg ST CTHE LEEMOBIDO X 51T, BAESRR
BN EPEB RN BRILZERT 5 30Tk .
Ar; REETHEEES L2BEEMT, YREZL K
WELRIL, BB RET D NERIS T L SBORER a
EOHFEPLFAING. 2F DI SEEES 25
26h5L, BT ¥4 MEINOE &R, &
CARMEHCHEINT, ST o34 FOREE»LE
Gy BBV BRI T 50 L FIRRIC, SEROBE L a®
BLT, ThBRRASERCEGTIEN D7D L RIRE
hs.
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1924 &% x

% 65 4 (1979) ®13%

a) 0.52%Si

b) 1.53%Si

air cooling on hot '20 J
runout table H
59.0 TS(kg/mm?2) 65.3
34.7  YPy.»(kg/mm?) 37.8
0.59 YR 0.58
24.0 EL (%) 27.0
0.182 ns, 15-value 0.202

Photo. 7. Effects of silicon on the tensile prop-
erties of dual phase steel. The base
composition was 0.05%C, 1.69,Mn,
0.59,Cr, and 0.259%,Mo.

1.53%Si

(o3
=1

0.52%81 i

S
o

Stress (kg/mm?)

N
=3

n-value

Strain (%)

Fig. 11. Effects of silicon on stress-strain curve and
strain hardening coefficient (n-value).
4.2.2 BUFIRER

REsmc e LT, BEMSRIF U2 H T 5HEH
L LT, BYINTELEE (nfE) > ) —REUEE
FCho T ERERINTNHID.

Fig. 9 » C.CT. Mxv, &v bIr7—TwE%E
BT, SIBICX SFIRIER CHRBOBEERAED
no LfEEINIZDT, EEE 550°C F CIRE BTV
550°C ATRICHES T HBMEY 3 = L — ¥ = VEBREZ{TD
7. FO¥ER% Photo. 7 TRY. FEDalb) XA
WICIEER T 3 7 ol TH 525 H Si H0E S 85E
BMETL2D nHEPEL, 2FUTbERL Tws. ¥
Fig. 11 iRt &k b, & Si Hl0ES 5, HEHDH
BMICTh X VBV rETHD C Lhdbpolk. TOSHT
I % n{BEOR SR, BEMCRST, 7=54 -
=54 MR THRDLNBZEMED, BIHELDON
5157 Si OEEICE5TNUROHRE cross slip

DIPHIZ X D, a HiD n HRFHD LRI LHRIN S .
5. # =

0.10% DI T C BOME TR, BEEIAL LD
EEREY I 2 L—Y = VEfTVY, BUET FITCHEME
PETHESHBIRZ S FEERET L LT, &8
MR OB A» DERRT O,

BONEELERIIROLEEVTHD.

(1) 0.059 C-1.59 Si-1.69% Mn-0.5% Cr-0.25%
Mojf, 0.059,C-1.5%Si-2.29,Mn-0.209%Mo $i% 7=
0.0595C-2.1%Si-2.4%Mn % FHWVC, Ar; SEET
H REEZFTo 728, 600°C X W {EWRECENS LR
2T 519 0.6 LT ORVRER OB EINSE
b5.

(2) BWEF FCTHAHMOBON S BRI, &
SiBDid, kv b5 LF—TWVETOESRTDH, £D
ERER T O a ZEEMERE X 5 & BRI COMREF DR
7508 ¥ OIS ITIRIL LT, H—Iic@EE L Tv %Mo, Cr,
Mn, Si 75 ¥ OILHE & OMFEEBIC X D X DERT DEEA
e L < Ak L, 600°C X D {RWEE OB T Hhi,
ERIBOBREITTD, £0 7 BESIHAFEET 300°C
PDFCeVF 44 FERBTS LIS,

(3) Ary HE LCHREERTSHEAE, HHEE
BENE, rROBHME, BHERREIC XS aZERBIRE
DOFRBILL, FicArg X VR IR ZZT 7
attE 0, WTFhOEED, BRI E < BIFRERE
LESNE VWD THS.

(4) HEE&MzkT3 C Eolmc X 5m(boslE
1%, 72948 8—54 Ml LTH4EEIEE
Fxy. ZhiE, 2T YA RBR—-F4 XD
FizCizxswvs ¥4 bEOEMS, =54 &
OBEIMZH LT, BLLREWDTHS.

(5) SIiERSVWEEMZE, ERETEEIENRT
W5, ik dic attioiEom E, 2% DL
B OB X S.

(6) BEMTHT HBRBEROHEER S X OERKLIE
DREEE, O w7 ¥4 b RRERIAEE S 300°C
DT L2, BEBOBRE THLOMBIIEED &S
nhwo &, BERBEERORS T a DEBERRF WL
LithbEBRIND.

(7) <794 MIBEZZAEHRCIVEEL
Lzh, FRKRNTFUHL PPNV XRevT
4 FBXOBEA 25 74 bABRD O XifE
HOE, RBPLeRT 1~3% OF -7 54 M 3F
T 52 LA L.
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