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Effects of the Grain Size and Volume Fraction of Second Hard Phase on Mechanical Properties of Dual Phase Steel

Daisuke KONDO, Kazutoshi KUNISHIGE and Rintaro UEI

Synopsis : The reduction in car weight has led to demand for higher strength steels. However, increasing strength generally has a negative effect on

formability. The high strength steels being developed are divided broadly into two types: steels characterized by high uniform elongation
such as DP and TRIP steels having a heterogeneous microstructure, and steels characterized by high local elongation such as bainite steel
having a homogeneous microstructure. High strength steels with both high uniform elongation and local elongation are under investigation,
In this study, various levels of carbon content and hot-rolling reduction in DP steel containing Si, Mn, Cr, and Mo were examined. The ef-
fects of grain size and volume fraction of martensite on the mechanical properties of DP steel were studied. It was found that increasing re-
duction, i.e., decreasing the diameter of the dispersed martensite, improved the balance between strength and total elongation. The authors in-
vestigated the total elongation in terms of both uniform elongation and local elongation. Reduction increased the balance of strength and uni-
form clongation as well as the balance of strength and local elongation. The balance of strength and uniform elongation increased markedly
with increasing carbon content when the reduction was large. The reason for these results is explained in terms of work-hardening theory and
SEM observation of deformed DP steels. An ideal microstructure for uniform and local elongation in high strength steels is concluded to be

macroscopically homogeneous and microscopically heterogeneous.

Key words: dual phase steel; grain size; stress—strain curve; tensile strength; uniform elongation; local elongation; work-hardening.
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Table 1. Chemical compositions of steels used (mass%o).

Steel C Si Mn P S Cr Mo Al N
0C 0.005 1.45 129 0.010 0.001 065 029 0053 0.0029
25C 0.025 1.49 1.32 0.011 0.001 0.65 0.29 0.037 0.0019
50C 0.051 1.46 1.30 0.010 0.001 0.67 0.30 0.043 0.0019
110C 0.110 1.44 1.29 0.010 0.001 0.65 0.29 0.048 0.0030
(a) Coarse Grain Process (53% rolled) Table 2. The mechanical and microstructural properties.
1250°C X 20min. 30=22=18=14mm Steel oc | oc | 25c | 2sc | soc | soc | moc | 1oc
1150°c Process Fine Coarse Fine Coarse Fine Coarse Fine Coarse
(b) Fine Grain Process (88% rolled)
o LYS(MPa) | 406 | 334 367
air-cooling 30—20—13-8—5—3.5mm
YS (MPa) 416 | 335 364 | 312 309 | 319 371 478
920°C
20°C/h TS (MPa) 489 | 454 538 | 497 601 546 705 | 773
furnace-cooling
TEL (%) 388 | 377 | 342 | 335 | 318 | 304 | 275 | 210
room-temperature U.EL (%) 217 | 224 | 208 | 202 | 200 | 189 | 180 | 132
. .. . ) , .. L.EL (%) 171 | 153 | 134 | 133 | 17 | 115 9.5 78
Fig. 1. Schematic illustration showing rolling conditions.
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* LYS is lower yield strength, YS is 0.2% proof stress, TS is tensile strength, T.EL is total
elongation, U.EL is uniform elongation, L.EL is local elongation calculated by T.EL minus
U.EL, d, is the mean grain size of ferrite, dy is the mean grain size of martensite, Vy, is the
volume fraction of martensite and retained austenite, V, is the volume fraction of retained

austenite.
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Fig. 2. Optical microstructures of the steels used.
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Fig. 3. Stress—strain curves for the steels (a) 0C, (b) 25C, (¢) 50C, and (d) 110C.

LT VYA MBS S e B AR e BUHE DP AR T &
5, REJOWIMTNY FHfEEZL, ST V¥4 MK
FEEIL Table 21X T & D 124.4% 5 5 204% 123N L Tw
5, 7x94 PRIV um TIREZRIZLBENEZ L
Moz, LA2L, 0CTIEH29.5um &k D & KEHh -7z,
Zhizx LT, CGPTE, 7254 FRENKEL,
YT Y4 PORFEGKRELS LTz, YT /H A4
M ATEE X 25C & 50C T 6.4% & 232% Tdh - 7245, 110C
Ti2862% L &HE LS AkEL, AIADODPHBELIZRE LD,
YT U4 MBOTRIZ T 2 54 VRSTEEL TV,
7 x4 MRDOKE XI325C, 50C T, ZhZFN32.5um,
521umT, 0CPD41.7um & IXKIFEBE TH -7z, L L,
110C TiX262um &Mk D & /h&E 257,

7z, XERMPTEICTHIE U 72588 y DR R 2 Table 2
IR &1, 25CE 50CTIX0.9~26% CTHhTHTH 5,

49

110C Tid7.4% L y DBRBERIRRREL Lo Tz,
By b T TH B LEFICARE TEBIIC e LT
VYA MNERETLZOT, METEICIEIKEAEELS A L

LR
3.3 AHIEH-AHVTHEE

Fig. 3125 3RRBR TH 6 N2 ARG H - AR O AHK
AT, B L7=&S12, 7254 FEMEMTHB0CT
13, FGP, CGP & B ICERIAF 24 U T3, 25C D FGP
TiE, DPEICE b o TRRIRERS/EL TS, Zh
BT V34 PMEEEN4%EE KN D TH B, 0C,
25C, 50CTli&, FGPDF D34S L U HBHITE L - T
HRIEEBINETH S, 110CTIE, CGPDHMNRE X
L, UK A->Tnws, ZhiE, CGPTOVLT
YA MEAEESFGPIHERL TE L&, LT
YA POHIZT = 74 FBBRET I EEMBT, ikt

AN

\

~

459 IR



I 460

k&8 Tetsu-to-Hagané Vol. 92 (2006) No. 7

T T T T 140 T T T
800 2
L0 Eo .
7001 # S
= - 2120 1
=% (=3
2 600} - v
[Z) e : 110 i
=
50g & S 10074834 e, [P o B
&
400k 90 1
T T T M T T T T
o o]
- 0.1 j = O0.1F 4 B
g ’ 2 ’
5 s 5 /
=} =
g v 8 e e
=0.05 7 =0.0 , T
_§ — connections between Vy _§ Process
8 and TS for the 0.05% carbon ] 3 s =« Osei CGP
steels of different processes s Nuwew FGP
[ 1 i 1 | 4 L A 1
0 20 40 60 80 100 0 20 40 60 80 100

V(%)

Vi (%)

Fig. 4. Effects of carbon content and V), on (a) TS and (b) TS*U.EL.

200

- @ ' Al o (b) = 90-(0) 1
9 A 8 S
Z 190 Rummppesmfy a4 530 1% e
02-.‘ E 120k | % 80F \ i, Process
NE 1801 A 4 !‘12 NE 70_%“ ﬁ ] eaQse: CGP
Qe t £ o™ ey sl FGP
170Fn " ™y, R 13 Qg
2 1° 8 el - = 60l O "
£ 160 B R i -
4 o] & £ so0-
150 0.05 ' o0 0.05 ) 0 0.05
Carbon content (%) Carbon content (%) Carbon content (%)

Fig. 5. Effects of carbon content and rolling reduction on the balance values between strength and elongation: (a) TS*T.EL, (b)

TS*U.EL, and (c) TS*L.EL.
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Fig. 10. SEM microstructures in the neighborhood of the fractured surfaces of (a) 50C-CGP and (b) 50C-FGP steels.
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ThhE, RO EKBICALEE2Z&08TELLET
Bxns,

THI XN 3 - HREUCORKETEOTATOS (A
FTART65%) Lhb, Wk 70w 200 gdzfln,
MM EENE E SO EAMBOMELLEEN S, T,
Ashby D 7 EUEALBRGR AROL 5 2 & A RiHRIZL T\ 5,
FEF A 10nm LA T O & 5 A ffisr iz 2 i, BHE
L8R e OMBEERABLYREL > TL 59, /-7, —
KOO LR EB S 720121, BEMHOKRE SIZIE3RE
NOIRR D B 5,

5. 8§

ARFFETIE, EEREIZ TSI, Mn, Cr, Mo % 548§ 3 L
DP#lIzOWT, REBEBIELG#EL S HT, MRER
HIZRIFT SRMMOBELBERL 2, EaRELITIC
N,

(1) BIEEREBROME, A 7ot 2O TIIRERED
B X 03RS - 20T U 2 (TS*TEL) IZHL L 7228,
ik a2 TiEeReE L7,

(2) MU %R0 L RO TRET L 728
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BOHPK T 0 X TIRRRORINC & 0 RE - — ARV
INF Y A(TS¥UEL)AKIEIZA E3 5 Z L 3bh o,

(3) B -2fUN5 V2, BE - REUNT VX,
B - REHUUNT v X (TSLEL) L, KREII»r2b5
T MRS 205K o2 kD & o7,

(4) MK 7ox 2 THEE - KON 7 Y 225 BT
P4, Ashby DA EUE{LEGRZHAWT, BWEEYLT
VYA NPEEET 254 MRS T 5720 TH
LLERL,

(5) MK7 ot THE - REHU N7V A8EWE
Hid, NEEILTF VYA b T 274 PORED» L IHEE
T AENABHI AT B 72010, ThoDEhAERL
M7=, BEICHITIZES K- EHER L7z,

(6) B&JE - —RRHUNT v X, RE - BEMHONT v
2 HHIZIEN B EAN S, 37 TICHE X ARy —
o BIZE X —SlERTH B,
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