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Effects of C and Mn Contents and Heating Rate on Recrystallization
Texture of Al-killed Sheet Steels

Naomitsu Mizul and Atsuki OKAMOTO

Synopsis :

Al-killed steels containing various amounts of C (6 to 580 ppm) with two levels of Mn, and extra-low C,
high Al and N steels containing various amounts of Mn (0.15 to 0.78%) were cold rolled and annealed at a
heating rate between 20°C/h and 50°C/s for the investigation of recrystallization textures. The following
conclusions were obtained :

(1) When steels were annealed at a slow heating rate, there existed an optimum C content which re-
sulted in a large elongated grain structure and weak {110} and {100} and strong {111} texture components
after recrystallization. The optimum C content shifted to a lower level with increasing heating rate, and
was thought to be related to the optimum heating rate.

(2) The optimum heating rate for obtaining large elongated grains became higher with decreasing C
content. Two new empirical formulas, dependent on the Mn content, relating the optimum heating rate with
the chemical compositions of C, Mn, Al and N were proposed. These formulas can also be applicable to the
case of rapid heating, such as for continuous annealing.

(3) Under the optimum heating condition, the large elongated recrystallized grain structure was always
accompanied by weak {100} texture component but that was not always accompanied by weak {110} and
strong {111} texture components. Therefore the essential role of AIN precipitates during heating at the

optimum rate is to inhibit the recrystallization of {100} deformed matrices.
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C &% 6~580 ppm D#PHIZ, Mn % 0.08 &1 0.24%
D 2KEIZELE B Al 0.05%, N # 20 ppm @
Al F 0V F 8 & /NUBL 2208 3R 1 TR B Lt 3kem & L 7.
Table 1 IZ TR ZRT. TN o P EMEEICLD X
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mm JE ¥ CRBEELTo7. REBEERTR, 7L
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700°C ¥ THR#HlZEE L 700°C T 30 min {3 #% 20°C/h
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WHEEL 7. Sho 2 i % 20°C/h~2°C/s &
AT, 700°C T6h ok frorz. BT
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Table 1. Chemical compositions of steels
(mass%).
Steel C Mn P S Sol. Al N
1 0.0008 0.08 0.008 0.005 0.050 0.0020
2 0.0045 0.08 0.008 0.005 0.051 0.0024
3 0.0078 0.08 0.009 0.005 0.048 0.0017
4 0.0150 0.08 0.009 0.005 0.051 0.0017
5 0.0180 0.08 0.009 0.005 0.050 0.0020
6 0.0580 0.08 0.009 0.006 0.052 0.0017
7 0.0006 0.23 0.008 0.005 0.039 0.0018
8 0.0024 0.25 0.010 0.006 0.045 0.0019
9 0.0140 0.24 0.010 (0.006 0.049 0.0019
10 0.0240 0.24 0.009 0.006 0.046 0.0017
11 0.0270 0.24 0.008 0.006 0.047 0.0016
12 0.0370 0.24 0.009 0.006 0.042 0.0017
Table 2. Chemical compositions of steels
(mass%).
Steel C Mn P S Sol. Al N
A 0.0020 0.15 0.007 0.008 0.085 0.0068
B 0.0031 0.34 0.009 - 0.009 0.079 0.0062
C 0.0025 0.78 0.007 0.009 0.077 0.0076
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Fig. 1. Relationships between carbon content and
r-value and pole intensities of steels 1 to 6, con-
taining 0.08% Mn annealed for 6 h at 700°C at a
heating rate of 20°C/h.
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Fig. 2. Changes in fraction of recrystallized area

and pole intensities of steels 3, 5 and 6 during heat-
ing at 20°C/h.

O : CT=500°C, HR|Heating rate]=20°C/h @ : CT =500°C,
HR =100°C/h [J: CT=700°C, HR=20°C/h

Fig. 3. Relationships between carbon content and
pole intensities, grain diameter and grain elongation
ratio of steels 1 to 6, containing 0.08% Mn,
annealed at 700°C for 6 h.
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Fig. 4. Relationships between heating rate of
annealing and pole intensities and grain diameter of
steels 2, 3 and 5 containing 0.08% Mn.
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Fig. 5. Relationships between heating rate of
annealing and pole intensities and grain diameter of
steels 8, 9 and 12 containing 0.24 % Mn.
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20°C/h 33°C/h 53°C/h 100°C/h 360°C/h
Heating rate
(a)-(e) : Steel 2 (45 ppmC) (f)-(j) : Steel 5 (180 ppmC)

CT [Coiling temperature] =500°C
Photo. 1. Optical micrographs of steels annealed at 700°C for 6 h with various heating rates.
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Fig. 6. Relationship between carbon content and E
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after recrystallization. ~
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Heating rate

(a)-(d) : Steel A (0.15%Mn) (e)-(h) : Steel B (0.34%Mn) (i)-(1): Steel C (0.78% Mn) i
CT=350"C

Photo. 2. Optical micrographs of steels annealed at 700°C for 6 h with various heating rates.
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%@%ﬁ@b:’)b‘fli, Tﬁmgle)ll) &U/J\$$612)13) iz &
DHEEINATVWS. HLSiE, CEHFE%L S Fe-Al-N
GEDOBIEMR T AIN DT HHEE % LS K O PIERE
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4-2 BEMBEREICHT IREAROEE
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FNEFND mass%, CRBBEFTERDY ThHAH. A
EERTiE log (OHR) & logC (mass%) DM D ILHIE
BELCTiE®H—1%8B-07T, CEOEEIMBOKSS
DEBOYLG EBEEL, RERERRLCTZ0OM C, Mn,
Al, NEORZLA8I2B VT log (OHR) & log [AlX
N/(C®5X CR)} & %\ i3 log {AIXNXMn/(C®®X CR)}
EOBFBCEELTAL. JhEREOBME L LT
Fig. 8 IR, FEH OO —A? LRI KD 22 fE R 14,
C=0.04~0.06%, Mn=0.18~0.40% DEIFARIHH I
MtarbnThh, RERMIM (Table 1) X C,

f Mn<OI5% Mn20.15% A/’

S,

-

Optimum heating rate (°C/h)

(<X

lde. i ..;65. N .....b‘. "

~ALx N moss%'’y  MoxAIxN
CM x CR °/| Co.s X CR o,.

: Steel 1-6 (0.05% Al, 20 ppmN, 0.08 % Mn)

: Steel 7-12 (0.05% Al, 18 ppmN, 0.24% Mn)

:0.1%Mn steels (15 ppmC, 0.04-0.13% Al, 60 ppmN)

: Steel A-C and others (25ppmC, 0.08% Al, 70 ppmN,
0.15-0.78% Mn)

: Previous result (0.05%C, 0.18-0.40%Mn)"®

: KOBAYASHI et al. (0.004-0.04%C, 0.2%Mn)'?13

CR: Cold rolling reduction in %

Fig. 8. Relationships between chemical composi-
tions and optimum heating rate for maximum grain
diameter after recrystallization.
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.......................................... (2)
Mn #70.15% ~0.8% DA it
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(CO'SX CR)] srerrmerommmeererrreceinees (3)

()R ITHNB ERBAVNEL B D BERT DORED
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BHMELT LS {111} Tid k<, FHESEE, B
BIEE L S0 B L T A LIRS, Thbh, ¥4
I XLA L AIN BEESEO L HIR LA
EIRW 2 BV E L DKM EED B3 45, AIN BfR
WCHERE RN 2 EBRT EHE RV E VR B,

FESO— ANHLLATICK C-Al )V FHIC THEDIE
THE%Y 93% TR LA OFKBESHELFAE
L7 R, BLKBMRZEONDEHT T, (100} &
O 1110} ARG om/hMiiRo 5N n A3, {111} A
BaOBKZED LN, 2727. Thid, BEKROT
ERAME AR ST E B {111 <011 > Hiik %
RESEDLEMEPBEO TV END b EER L. 4
6] O SN2 B v C, HABMAEZESE SN T
b 111} HEDBEEICREL 2,220 b, 2
B DA R EHFOEY 2 S {111 <011 >F
PRI R EET AR PBDL Lo 72720 & HER
N5,

5. #&

C &% 0.0006~0.058% M#FHIc, Mn E% 0.08 K&
U 0.24% &z 724K N-Al ¥V FEK U Mn &% 0.15
~0.78% DFIF THE 2 1-BKC-HAI-®N W%, #H
FEREMR S UIRIRAS T ) M LB & L, iR ngk
EEEEZ TR EIT, BREARGHMERAEL, D
ToOL) MR e/,

(1 )RERANBABESE L 72356, K2 PRI ATERL S 1,
{110} R T* {200} HREEARRNCZY, {222} TEHSEEE
DRRIZRY, TESERICLARECESHY,

mj

L BES O B BE 12 & D b 5.

(2 VKB AR S 1 % Bl gk (OHR) &,
CEoBAIEVEEERMCEETA. LrL Mn &
A0.08% & 0.24% Tix Mn BEOEBIZH L0
o7z,

( 3 )BEC-BAI-EN $HicBVTid, Mn 2% 0.15%
M5 0.78% (2S5 & RBEMBEE ZEL 2D,
HEHESE O X 5 72 ZGEINBIC 5\ T b ALK 2 B R
EBLHZENTREELE LA,

(4)DOBAFREBESHRE T 0 {1001 KK E
W& 2 B A%, {1101 ROY {111} BG4 &1L
L2z,

(5)F bbb, BE-BERCIAI V7ML
72 AIN 13, B#ESEOBEHIEL, {100} HSRko®
SR T AERE AT A, 0L SELWIIERE
THHMELTLL (111} Ff L RS 2w EEZ S
nas.

(6 )BEsk D REMBEE & B ERST OFRERN % BRR
W CEOEELMA, Mn B (2)(3)%H7.
THEDRIEN Y FEEMD X S R AEEME D S TS
DX B EEMER T T, B SRHR 2 B ALAR % 15
BIzODOMBEE L EERTDEBERTLOTHS.

R L OBPEICBR LT, MEFREREKELEHT L
NHIEER W ET LA STICHEYELET.
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