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Recrystallization Texture Control in Ultra-low Carbon Ti-added Sheet
Steels Containing Mn and P
Atsuki OKAMOTO and Naomitsu Mizul
Synopsis :

The textures and precipitates formed in ultra low carbon Ti-added sheet steels containing varied amounts
of Mn, P and Nb, by processing through cold rolling and continuous annealing, have been investigated for
the development of a high strength sheet steel with a high r-value. A Ti-added steel alloyed with 1.4% Mn
and 0.08% P has been found to meet the required mechanical properties. In the steels containing both Ti
and P, the recrystallization texture showed a characteristic heating rate dependence ; that is, the faster the
heating rate for annealing, the stronger the { 111} texture components after recrystallization. FeTiP pre-
cipitates were observed in the annealed steels but not in the hot rolled steels. An increase of Mn content
suppressed the precipitation of Ti sulphide precipitates (TiS and Ti4C3S,) in the hot rolled steel, by form-
ing MnS precipitates, and influenced the FeTiP precipitation. It was thought that the precipitation of
FeTiP during the recrystallization stage influenced the texture development. The roles of Mn, P and Ti in
the recrystallization texture control through the formation of fine FeTiP precipitates were discussed.

Key words : cold rolled products ; texture ; precipitation ; recrystallization ; high strength low alloy steel;
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P % 0.01 & 0.08% 0 2 K# 28y & 72 Ti i,
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Sho% 18mm B R T 7Ii28#E L, 1200°C i 30
min 0% 950°C LLEICT 3782 C 6 mm [E ¥ CTEME
L, EHIZKRATL—ICLDERETHHALLZ. Zh
5 ZUEEMR % 350°C IZFINZL L 1 h fR#Ff% 20°C/h CTHEH)
L7, THEBBELFZD 350°C B DY T2 b—
TarThb, HEELTE00°C, 1h OFEEERY >
Ialb—YarybERLEZ. Tho% 4mm T CHEHE
#1lmmEICHETERDS% CHEBFEELZ. b %
FRYMEINEIF 12T 10°C/s THI# L, 820°C X 60s DI
Bk, 6°C/s THHT EREBEMEE L, JISS TR
BRFIC X A5 1RKER, BRhiE%k (A: Aging Index) Ol
EBLUOXBICLBEAMBOREL B -7, 22
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KN 8% DFEA %Gz, 100°C, 1h DEMPRIC X
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10°C/s TZ+ 5@ THL ORE L D GH L EE &
BRI WEAGHBEIE L. T, BMomBERED
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Table 1. Chemical composition of steels (wt% ).
Steel C Mn P Sol. Al N Ti Nb
1 0.0013 0.02 0.011 0.026 0.0026 0.040
0.0025 0.70 0.010 0.042 0.0034 0.043
0.0009 1.39 0.011 0.036 0.0030 0.043
0.0011 0.02 0.081 0.038 0.0027 0.046
0.0012 0.68 0.080 0.045 0.0030 0.045
0.0014 1.39 0.079 0.037 0.0033 0.044

0.0027 1.41 0.079  0.047
0.0017 1.41 0.079  0.041
0.0010 1.38 0.077  0.029

0.0032 0.017  0.024
0.0033 0.003 0.036
0.0035 0.002

H=Jo N O U w N

Si=0.01% S=0.004%
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Fig. 1. Ferrite grain size of hot rolled steels.
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Fig. 2. Mechanical properties and grain size of
steels cold rolled, heated to 820°C at a rate of
10°C/s and held for 60s.
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Fig. 3. X-ray pole intensities of steels cold
rolled, heated to 820°C at a rate of 10°C/s and held
for 60 s.
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Fig. 5. Changes in X-ray pole intensities and
fraction recrystallized during heating at a rate of
10°C/s.
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a : Steel 1(Ti), 40°C/h b : Steel 1,10°C/s
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Photo. 1. Optical micrographs of steels 1 and 6
cold rolled and annealed at 820°C for 60s with two
heating rates (Nital etch).

0.045%Ti-001%P 0045%Ti-008%P

Mn & P o Ti @ (88 1) dMBAEEIE 2D L
IR AR 22 AA, B Mo P o Tifms (H6) T
FERIIINE S S ASHAHRIC 2 > T 5.

Besliis DE SR O B H RS OB L iSRRI EES
@bﬂﬁﬁﬁmﬁﬁ% Fig. 6 i2"¥. P 2242w Ti

MM AEOMEFRICMBAREL E THLE
m%}mﬁ#ﬁyL1%Miuxrum{mﬁ#ﬁm7
%755, P EAE W Ti RIS TSI MEEE 2 #H L
72 hHs {2220 AT A, WTFhoO P EICBWT
b Mn BASE VI & {222) s & 200) B as4 <
1110} G 24 % < % A, %72 1.4%Mn-0.08%P $§ T
Ti %# Nb CE#LTWwWL &, Bido P E»XLiwins
R, INBGEREYEL TAH I LICX D {222) B
AL, {110} B mMmT 5 X9 12% 5. HmhE
AEE (222} B OELEAIGLTB Y, {222} BaAt
S VHRTIRHENK & WE D S 5.

B, Mn B 1.4% TH2OIMNEEE A 24°C/min D
BAE 1222] BAPRBUIUEH A ko TWwAY, Thid
Fig. 5 T8 6 » {222} Bi#45, 810°C »*& 870°C M »
BESHIBED RIS X D BEUICHEMT 28z HH 2 L2
BERLTBY, ZOMBEEOREZTIDEVEE
M HEMA R Shiz-dEBbhs. MARELYE
AHEBRICBWVTI, FRICHSMERLEDDLDOT, B
OGN ERIZ D Z LIZHEEL V.

PEDX>ic, BREAESHMBEBIONEITI &P
AT BT O AGERETIER S WV INEGEEKE
MERL, SEMEALEMIC XY KELREL rHICH

1.4%Mn~-0.08%P

s of % e e
. -
7] | - . ans
o -
La%Mn 0.02%TI/Nb
- i '3
€ L
.‘8: ;O" - A‘\N
o - r
. O?%Mn/p L e -
~ d o ~. 004%Nb
- -0 %Mn - Plain \\vx---x
2 T e
= 3 - T AT IO
g - NG - x/
< %;.
E i | o
o el
2 , N . R , S
a 4 Steel 9., 7
o2k Steel | ’ﬁ LM I /:7( _
N,
o MO 27 'Z‘o\.\ oo X > - 7
o MS W - L Final annealing : 820°C, 60 s
fé?h .Zém .Ig/s .ﬁgs :43" .%jm °<|;9; ,6‘3’ .22‘ .%jm ,(':2 ,%?s Fig. 6. X-ray pole intensities and grain

Heating rate

size of steels annealed at various heating
rates.

—119—



426 #% r @

%76 4F (1990) & 3 &

I LWESHEBIEORS,
3-6 IHEYOHE

BUEAR B X OBESIAR OMT B * BT SEMEE T L
U E% L EDX B X OETHEIE L v iribY % FE
L7,

ZEHL D HEE 350°C D BAIEAR T D EREIRE R % Photo. 2
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a: Steel 4 (Ti-P) b: Steel 6 (Ti-Mn-P)
Photo. 2. TEM micrographs of hot rolled steels
coiled at 350°C (Extraction replica).

=

a: Steel 1 (Ti) b : Steel 3 (Ti-Mn)
¢ : Steel 4 (Ti-P) d : Steel 6 (Ti-Mn-P)

Photo. 3. TEM micrographs of steels cold rolled
and annealed at 800°C for 2h (Extraction replica).
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oz, O 800°C X 3 min DBESE L 7-SRIK O HF
HBHBZE L Twa2, CoabE P, Tidngc
i 0.1pm AR DOMM % FeTiP £ ¥ HLTH Y,
FTLCONEYOKE EiE Mo DO FH/NE »
@['ﬁ]ﬁfag)ofc.

Ti GRS ZBI L, ZRHEAR 3 X 0F 800°C X 2h D sl
WMTEE SN % Table 2 12F 7. TiN ik
TRTCOFITHEEINDTERIZIIRL TV R W,
BEMIC BT, REBRDO LD TR T 7THNBRIERE D
1200°C OFA K Mo T2 P B2 XK 59 TiS 98
BINDN, 27 7MBABE® 1050°C 1235 &, ¥
HIE TifCoSy (&AL L T/, — 4 Mn 2% W T
X, K% MnS &7 TiC FH L THBH, Wl
MOEBIX A T TINBRIREDOFEEZ T 2w,

WHEAIZ 800°C X 2h D BES = fE L 727813, & P 8
TIATB O X 9 12 FeTiP 254 L, #hSto Ti &
HHEWEWEAL T 5. K P SMTIE, Mo EVEE
TisC2Sz & TiC 7%, Mn 2% W& TiC 25T 5.
FHRICIEZOMICHBEIALVEOFHWLERL T
W55, K P (0.01%) #il THHRIFIC FeTiP HEIEE =
(A

Mn & FeTiP Ot & OBIfR % X 0 3EMICA~S 72
%, 350°C HBEL D D 4 L5 6 Y DM % 600°C
A5 800°C IThnZA L 1h REELITHE AL 7Y #
WX DBEEL . 700°C X 1 h Bl L 7= BIEHR DO EEE

Table 2. Precipitates observed in 0.04% Ti steels

as hot rolled or as cold rolled and annealed at
800°C for 2h.

0%Mn 1.4%Mn
As hot rolled
0.01~0.08%P TiS MnS+<TiC>
Ti4C252*
HR-CR-Annealed
0.01% P TigCyS2+ TiC (Mn, Ti)S+TiC
+<FeTiP>
0.08% P FeTiP MnS+FeTiP
+(TiyCs85, TiC> +<TiC>

Slab heating : 1200°C, 30 min CT : 350°C
* : When slab heating temperature is 1 050°C
{ > : Observed but a few
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a: Steel 4(Ti-P) b, ¢ : Steel 6(Ti-Mn-P)
d : Diffraction pattern of ¢

Photo. 4. TEM micrographs of hot rolled steels
coiled at 350°C and heated at 700°C for 1h
(Extraction replica).

Table 3. Ti-compounds observed in 0.04% Ti-
0.08% P steels hot rolled and heated at various
temperatures.

Table 4. Forming
steel.

tendency of precipitates in

Carbide
Sulphide
Phosphide
Nitride

+« Strong
Ti>Nb>V>Ta>W>Mo>Cr>Mn>Fe
Zr>T>MndNb>V>Cr> AP Mo>W)H Fe
Mo>NDYZr> TP V>Cr>WONid>Fe
Ze>Ti>ADBYNbV>Cr

Steel 4 Steel 6
(0%Mn) (1.4%Mn)
As hot rolled TiS TiC
600°C, 1h TiS+ TiyC2S; TiC+FeTiP
700°C, 1h TisC2Sy+FeTiP FeTiP
800°C, 1h FeTiP FeTiP

HOBI% Photo. 4 12, Ti{b&EMOTEEOBESHIRAE IZ X
574 t% Table 3 {277 ¥. &K Mn SCRHTHIL Tz
TiS o —# it 600°C AEDEMEIZ I D s 2 A
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T2 FeTiP Oz 600°C 2582 ) oM T
A. F72600°C &5\ id 700°C THE L 72 FeTiP &
WO Mn TS Photo. 4¢ IX/RT LX) ICHERIRT
EHHETIE 2K v M3 < D PDH BT HE SO
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COEHIICE M B P, Ti RMMTHE rEHIESH
7= DR EEES OB - FeTiP 24T H L B 54
BT B RIT LTRSS 5.

4. % =

4.1 Ti FBMABOIEDICOWT
EFLICIVHE ST AEFEHDORILY, Hiths

Alloy A : Fe-Ti-N-C-P-S
B ' Fe-Ti-N-C-P
C : Fe-Ti-N-C-P-S-highMn
Fay
§ {AlloyA)
® {Alloy B /]>\‘
lioy B,C ~
N RGUI SRt S
Precipitation temperature —»
Fig. 7. Schematic illustration of stability and pre-

cipitation temperature of Ti compounds in iron
alloys.
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PHAw3dhd Ti b—RHFIF28ET5H5E LT Ti Y&
*AFFLTH 0.037% T Ti 345, LA L 0.08% ®
P2E0LEL TIBARTAHILIIEA.
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(1050°C) Tix TiyCoSy 2 Ml § 5. COXIBRATT
DNERIEEE & #r i  & OBIRI 0.15% @ Mn % & 4P
BAERRFE Ti SR CHHE STV B9 s5 10K
W25 & TiC b Z AW § % A% 600~800°C 12 K
FIRFET 5 Z LK D FeTiP 25T ¥ 5.

BER 59 12 0.01%C-0.14%Mn-0.014%P-0.16%Ti O
BALRE Ti MMt o Ti-P L&YW I AR L Rk
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Fig. 8. Effects of finish hot rolling temperature
and Cr or V contents on r-values of steels cold
rolled and annealed at 820°C.
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