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a+1y and y Phases Annealing in Ultra Low-carbon Sheet Steels

Naoki Yosuinaca, Kohsaku Usniopa, Atsushi Itami and Osamu Axisue

Synopsis :

Key words :

a+7v and ¥ phases annealing in Ti and Nb-added ultra low-carbon sheet steels with and without Mn, P, and/or Cr has
been investigated.

In high-strength steels with Mn, P and/or Cr, BH increases as the annealing temperature increases, whereas YP-EI
after aging at 100°C for one hour clearly decreases. It is speculated that the coexistence of BH and nonaging properties
stems from the high dense dislocation introduced into ferrite matrix by ¥— « transformation. In contrast, YP-El in mild
steel without Mn, P, and/or Cr increases as BH increases because dislocation density in not high enough to provide
nonaging property.

In mild steel, r-value distinctly decreases and texture is randomized by ¥ phase annealing, while r-value increases
and {111} component develops by intercritical annealing. On the contrary, in high-strength steel, recrystallization
texture developed in @ phase is assumed to be inherited even after a—y—« transformation takes place. Apparently,
variant is distinctly selected when at least ¥ transforms into @ in high-strength sheet steels. The variant selection in
y—a transformation is speculated to be caused by residual stress introduced by @— v transformation.
ultra low-carbon steel ; cold rolled steel sheet ; dual-phase annealing ; austenite phase annealing ; bake-hardenability ;
transformation texture ; aging property ; manganese addition.
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Table 1. Chemical composition of steels used. (mass%)

C §i Mn P S C Al Ti Nb N

NT | 0.0021 0.04 0.10 0.007 0.0002 — 0.040 0.009 0.010 0.0013
MP | 0.0022 0.03 1.54 0.062 0.0062 — 0.040 0.011 0.008 0.0013
MPC/| 0.0032 0.03 1.54 0.063 0.0061 1.06 0.034 0.011 0.008 0.0014

Table 2. Experimental procedures.

Steels SRT FT Thickness CT  C.R. Annealing gemper

olling

NT | 1100°C, 1hr 922°C  4mm
MP |1100°C, 1hr 903°C  4mm
MPC | 1100°C, 1hr 928°C  4mm

730°C, 1hr 80% 800~960°C 0.5%
730°C, 1hr 80% 830~930°C 0.5%
730°C, 1hr 80% 830~930°C 0.5%

STX60s

10C/s 80C/s

Fig. 1. Schematic illustrations of annealing process.
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Fig. 4. Influence of annealing temperature on BH and YP-ElL
Numbers on marks are volume fraction of ¥ during annealing a)NT b)MP ¢)MPC

T3, MP, MPC8iiZ3 T b, EiiRED FH Iz b7
> TBHE»WMT 5, 26 LT, YP-EllL, yDOfkE
TEROWMIZE b Lo THFCRTFT 2. T bbb, yOk
B RHOYLIE L 72 5 L, BHMWS0MPafEEiZ k- T b
YP-Eln&d 8B4EL 2w,
3:4 rEHIUERESHER

FMBNZ 381 B RIETHSHIRE OB # Fig. 5 (R
FTo NTHIZI W TIE, 900°C & Tidsstiinisomginiz L ¢
o Tril» 8imL, &&T2.80 v~ 3 TET 557, yH
AR TBEE T 5 L Rk HIb L, 1.2REL 23, 2ok
LT, MP, MPCH iz T, yDEES ORI FE-
THEYPERTT 2 DD, ZOETEIZNS L, 0L 2yH
AR TBERE L T b BRI CrlidME T3 2 2 id e, 3 61,
B ESTESE U 1234 0 {100} A58 & K 9HR ) X # Fig. 6

3

STX60s

74

10CH

100

100 490

" L 1 1 als ' 1 L

1
775 800 825 850 875 900 925 950 975
Temperature (°C)

Fig. 5. Influence of annealing temperature on r-

value.
Numbers on marks are volume fraction of y during

annealing

Ti,Nb added mild steel

1.5%Mn-1%Cr-0.06%P

{100} Pole Figure
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Fig. 9. Relationship between dilatation and temper-
ature of steels NT and MP.

BEEMNT 5 DD, MAORMEEVIEFICFmCITDIC
100°C X 1 hO A THELEIZ & - T, CEHE S -
P EREMAREL TV EELOLNS,

HIINTHZ 33T, YP-E1%%, BH &£ 2ic8ihn L 729D,
a+y2 MR BT L T b LR oM & YT
BEPEALOT, ALRLEIZL - TiREA L DR

CEFINTLES S EFL LGNS,
42 a—-y->aBERRTREESHEBORREE

FRAG R B (NTH) T, @ (W a) > yv—a (H#ka)
THEZ & - THEAMEBY S &2 2T 2D %0 L T, Mo
Cre@imL72MP# & UMPCHAT I, &t a DEARRED A
Mo DEAMBPIEELTV2 2 LoERE LTI, UTO

S RTREEYFH 2 OGN D, DBARLDETFT VIO, T o h
LEERFCRETIRIMNEFMC R OIFEL (BRI
B2 EHEHTLN) BRI L Y, BAMREROEE LT
2512, BYMP, MPCH#ITIX YLD 5ET LTH 6T, y—a
R R a DR EDHE 2 - 12, c) MP, MPC# £ NTEH
T, YIRCTORKREEIRL 5729, v TOEAHMDY
275, dMP, MPCSIT &, Hrith#d ¥ a O AL # 318
LTHY, yoaZBE, TONEMEYA PELTED 5,
e)MP, MPCHHIZ 35w TIXMnOwEHTH» L EEMIZa—>y
EENLEL, EOHMI MWD FAPEC LD 6 a—s>yEEED
HATT 2700, yOEAMBES FE L, WHAC b BAHER
DIFRIE L 12, ©) EREBERII A L RIS 195, y—aBHEOD
SNY T UNERPEER LT 5, g) MP, MPCS{iZ3\~ T
BMnRCreBmULIc 2 L2 & » THlrA e eI HEZ b,
z nb*‘n‘ Y7 v b OERMECHEY RIFLI

T, a) XY v, TRbBBARGE, 1)kte
%\%ﬂ.‘w%?% LIZBAIE, 7S 70 F DSBIRHDHI S b B,

2)28Y) 7 2 MRIRHHE Z - 2RO EAMBEIZ {110} £ 721
{100} 620~30° BN HMTH BT L, FHREL T 5D
CRLT, AERTE, DEARCOERL D 28, 3W
DOBFERMFTH B2 b 63, MP, MPCE#ITIXEAHM
Bnts & sk, 2) 27, 156 Nl EAMBR(111)
ThHar5»6TH5,b) DABEE bR TS v, MP, MPC

D Ac 2, 890°CLITTH bH, FEERIZZInL b -+
HIRDINCTIT-» T B THb, c)iZDTi, y—
a%fﬁ?ﬂ?ﬁ@ﬂ Y 72 MEIRYNTEH & MP, MPCEA & TR U

Sl I A ERELILE S, yTORKER, U L AW
a@i% AT RESTILELZLNADT, NT#HD > &~
LB HHT A I LD TE L, ADDWREESL D3 v,
MP, MPCSi= ) 2k TiC, FeTiP, MnS»'%
bbd, LU0 ERICE, AHabiRy» o XEYR
!l“L’CL 52 &é’fcqﬁf&ﬁﬁﬁ%m X OFERL T3, e)

IDVTIEA) EFRRROBEHTER B ZRIILTVS L
z;t%m_ (e 365, DIZOWTHRETT 21091z, ZHELC
£ o BT 2 HOLIC D v THRET L 72, koo, REkEA
KL D RN (2 BainD PR 2 FEAREI I EA L TV 5, 208
HELT, DDytatolMBEBRELTHONT VS
Kurdjumov-Sachs (K-S), Nishiyama(N), Bain(B) & £
DOHERED S b, oY 7 b OEHK-SD244, ND124F 2 *¢
LTBR3MEALEADLL, FHEEVEZTHHI L, 2)I06
Do8Y) 72 bEOFMEGBRERORERFZ AL TKRKS
(X, BRACT K-S, Nioxf L TAREI &L I
TEEFFTC S, 2 ITEREBOHMUBMFRICDC T, B
BHLER, SO n s 2R L TEEEZM
2128 DREHGTIT- 12,

W a % {111}<211> L L7z L SOBOBRI & - THIRT
5 By D KL & Bk a D HAL 2 Fig. 1012 R" 7, Ak
D& 5 CBOHMRERIE, SMTH 2D THEMKaDHILIX
3IX3=9MRET LI LA . BRDOZ ETIEH 575,
B a D HAL RN ToRa D HLH LEE 25, 2,
a—>yEECIxU 5&@'5’&% ¢ y—»a%ﬁﬁé 2300 A HEEEDT, —
BT sBATHE, ¥ P, mWE KL LT
DFPLIZR Ve,

SITLRO f) DRI DG THE 2 TAHA L a>yERE
HEZ B b 1E -~ DR LD 2 Bl I~ D g 2
B, TOLERETARERAZ, IhEIERSDE
B, THbbLFigllORMOFIECEL I TTH L, y—a
EREFD Y 7 0 MBRIRD 2 OERFIh cFHiEsh Tk s
3 LH il BiRa D HM WA aD HMCRE S 2 L HTHE
BT % 5, NT# £ MP, MPC#i £t DEAMBOMRIX, £

Initial a 4 Final a

a) RD

Fig. 10. Calculated {100} pole figures based on Bain’s
relationship.
@represents {100} poles when the expansion axis in &—
¥ transformation agrees with the compression axis in ¥
—a transformation.



z Z’
Oz
T y
a
! Tx
I ! -
/E 1 -
I
! T
Oy —r1r---- 1 1 av
| ]
/,L.._,Z_ ————— -J = ——— » Y
N
X’ '
X
Oz Y:
Fig. 11. Schematic illustrations of Bain’s relation-

ship.
X,Y,Z,and X, Y’, Z’, are axes for ¥ and &, respectively.

N OHMBIEEEICERT2bDEFLONE . T bD,
a—>yERRICZL O RETAFRMMTIITHELCEFELLR,
DL SRETARBIONE, BEOEHCEVRICLH
iofs, LichH’» T, MP, MPCERT X, SV 7 b
W (&, NTH T, 5500 72 MBIRL»ET ©
ol QLRI NE ARERDO L S REHBTDa—y
ERERF D EBRCRBICNPHFET A9 L I 2220 TIEH
L Thv, Lal, SBETOREGHZEAL TEEE
AT I ar— P LD B, FHD 1 A2, 0.008%
C-1.5%Mn-0.071%Ti-0.027%Nb-0.002% N8 % KT
YD L y—aBRBIE S Z LD Y, D CEEHK %
BRI EDTEBIERPERMNCRTLEE LI, ZOEA
AHEL T R O DERIR L 12 EEERF DR IS 1 Y T B R RE
WRRHCFETL AN 7 PBIRPRELICHEICL D S 3
(LT3, 2O LML TEIBCH T 25RY
WHOFEEPEECTETAILINMTH L LEDONS,

gD T, Mnd 2 - IECrOHMc & - TEHY
BRI 2 »E» 2 NAKRCERGVHLLIATH 5B,
L2L, bLLZDE3 2RI ->Tv5ETHIL,
REINTCE S FRBIFEONY) 70 MERTGEZ O B L
BLDLHERIN, yoaEELY B I LROTMVEE
REWRPEOWVREEYH L LB LS,

VLB y BT Hesd L 72 BRO B AR D v Tk <7293, MP,
MPCi % a + v 2 M TBESE U 72BR I AMER ST 5 2
Fioow Ty, ARG DEF LIS, iR -
CTHBITAZLBVRETHS EEDLNE,

FREK R 1 2 BREAMBOBEAAR L T,
A CHEBI NI LIZE GG, LIchT> T, &%, yiRic
B 5 EBAMEEDIn situBllEDH 5 VIR IS ORIES
SOBHAGHL LTV RENDH S,

5. BE

Ti, Nb&HIMRER RIS SR 3 & O 2 1LicMn, P3

65

BAKREMD @ + v 2 Hiids & Oy HAHSES

GATIXCr2din L 7o @ h B B - 35 % a + v 2 M3
S U yHMEmEiCc o TR L, LTOMHZER,

(1) BB - 3 © T, a+y 2 FHIEEIR S5
CIEE LB, amyEROETHE L (Ev, —F, Mn
RPCredmmT 5 L 2HEBEEPIERIN S, 272, Mn¥ &
UCrOWmME, a—»yEROEITELY S,

(2)BER T - MneCr2immT 2 b, Befin i O
At TBHP T 5D ioxt L, YP-EIWBEE IR TL,
B BHE b IERERhE DTN T 2 R R M T, BH
O LI YP-EL ®ind 3,

(3)MnCr& @i L 7oK R mmEN - v TEBH
T L IERERME L SN S B DX, BHEIZL - THEASN
AECEMEBEECERNT I DEFELLNSEG, XL
T, MRRFHREMTE, BUFBEVP 2 EES LR
IO IEREIES R O N b D L E L s, MEiCE
U BERILEE OE I, ArEOME ST BREER B
SUMEOREDERCIZLZbDEH L NS,

(4) AR RS 3o T, a+ v 2 MR CEst 5
% Erfliniim b L, <111>//NDO¥AMBERE L, vIRT
BESLT B L EAMEDT T X 2L L TrEd s L HiLT 3,
ZAUsa LT, AR RESERE SR 3 v T, v TR
LT batiTOHMMEAHMMBYEES N, rEDETRD
INB

(5)Mn%Cr&2 N U 7o R 35 & s im T, 2 ke ¢
ELy>aBRBREIZ, NY T U NDOBIRDPHEZ - T 5 L#E
AoNB, NY T DRI, aoyEEEIL W FHEL
RIS ES LT D L NS,

R R T DR RBEAMBMORIL, £ OZEREHRE b
bEBRLBMRY D 5 b O LIRS h, BAKRBHMOLERE
DUCTHRARMCHET AVE DL LELNS,

b CERBEAHEBCEL TERREBES s
3 L7, B8l &R R ZERr O ik —1E s
DX YEHOBEPERLE T,

X [N

1) T.Furukawa, H.Morikawa, H.Takechi and K.Koyama :
Structure and Properties of Dual-Phase Steels, ed. by R.Kot
and J.W.Morris, (1979), [AIME, New York]

2) BB BL¥EME LI, 21(1980), p.109

3) RM.S.B. Horta, D.V.Wilson and W.T.Roberts: JISI, 210
(1972), p.42

4) A &, o, HAPER LM, 66(1980), p.102

5) WA &, Wk &, Bk gk EM, 66(1980), p.112

6) \A f&, ol HE, HPER LM, 67(1981), p.799

7) FREME C EAHE (B ASEESR), (1981), pbl[HAERE
F2]

8) TRIEMHEG :

9) bk

LA (RBE—R), (1983), p.197[A#]
% L4W, 71(1985), p.1155

10) HARFE— gk L8, 71(1985), p.1359
11) &HFE— &8, 4(1985), p.28
12) 8% &, ANML—3 BB E e 2, 3(1990), p.1894

65 W



