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Metallurgical Study to Develop a Production Technique with a Lowered
Hot-coiling Temperature for Cold-rolled, Deep-drawable Continuous-
annealed Aluminum Killed Sheet Steels

Kohsaku UsHiopa, Kazuo KoYAMA and Manabu TAKAHASHI

Synopsis :

Metallurgical factors realizing low temperature coiling of hot-rolled bands for producing deep-drawable
continuous-annealed Al-killed sheet steels have been investigated in order to improve yield and pro-
ductivity. The following proposal is given : the control of chemical composition such as i) C=<0.02%, ii )
Mn=0.15%, and iii) Al =0.05%, and the choice of iv) low slab reheating temperature below 1 150°C. The
conditions i ) and ii ) contribute to the coarsening of cementite particles in hot-rolled bands and to the re-
duced amount of Mn-C complex during annealing, while the condition iii) contributes to the promotion of
AIN precipitation in hot-rolled bands. These are considered to play a significant role in ameliorating
r-value of the final products. Furthermore the condition iv) not only has an effect of improving
formability, but also contributes to the prevention of hot-shortness caused by S. The effective mechanisms
are discussed concerning the influence of C and Mn contents on the cementite coarsening in hot-rolled
bands.

On the basis of the knowledge obtained by the laboratory investigation, a mill test was carried out and it
was confirmed that the proposal ensures a high and uniform r-value through the whole length of a coil
employing the low temperature coiling.

Key words : low-carbon steel; hot-rolling; coiling; hot-shortness; continuous annealing; formability ;

cementite ; AIN.
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2. BEBIUKRBRAE
2-1 #H#

FEERICfE L 7-3kHE, Table 11C/R LK E Al &+
VRSSO B ZEERE TH B, BIERDE X 5 (b
DEEIZE, CEDEEIRKEVETFREERLDOT, C
% 0.0050 mass% (LLF % & B&EE) 5 0.032% £ C
? 6 KH#EL L7 (Table 1 ® Cl 2% C6). —7F, BRI
WD AIN DAFHA~AD Al BOEB LR T 5700, Al
B% 0.023% 75 0.095% % TZEAL s 72308 (A1 »
5 Ad) W, ZoBE, MEoBEIZIE, NZiX
BN EFE LEEZONDLD, AIFETRERAND
ZZTNE#% 0.002% HifsC—mE L. 8512, Mn
DEBIOWTHRE L7z, Mn iMERFHFE P ICHED
ZEICEIN, PO CELOMEMHE*BELT r %%
EHBLEEZLNTVANLTHAHI™Y). Mn Eid
0.025% 5 0.46% ¥ T® 6 K#E & L 7= (M1~M6).
CORFIOFKICBITS CELE Al EIX, C1~C6, Al
~AM TORFERIPOBRBELEZ OGN LEICEEL,
Table 1 I2/R T & )12 C ik 0.013%, Al &34

0.06% & L7-.
2-2 EBFX

 HHAL® 30mm E & L —REGER E Fm L <,
Fig. 1 {ISRT TR CHRB2ER L. 27 7IMBIRE X
1050°C~1250°C D#F CEfL s &7, BIEDM HIR
JEi3 930°CLLETH Y, HEEE 4mm THB. 20K
20°C/s THHL, KEERNVHLOBMBRELEZ LN
5 650°C T1lhORELZOHDOFLHEOMNE L B
ol 72720, MI—=M6 OABHI DWW Tt A
FRITHEAL, FMMEL T, ki L7350 H L0
B ol. ETENIE% NDEHELE2L 0.8 mm
JBe L-0b, Fig. 1 \IRTEGREMEL OB
DDV NINRNZAEFHVTEB IR, HWT1.5% OFET
RORBETEEL ML 7.

BERD LAY ¥4 Mid, €2 F—VBBRTKEAELT
BELL. AINOSHTIZIE, XHIFEAY/ —VEEH
Wi 7, WP OBEIZE, 400kV OS5 ESE
(ATEM) % Bwv7:. FleREABRIC, JISSHRERR £ H
W7zt rfEid JIS 13 5 BREA £ Vv CHlE L 7.
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3-1 BERICETDEA 21 FORBIRR
Table 1 @ C1~C6 ®»##l %, 1050°C (ZFHNEL L 3L
BIEHE L, 650°C THEHl o7, BERICBITA LAV

Table 1. Chemical composition of steels used
(mass% ). 74 bR ChFEFEHERE) £ CELOBFR
Steel | C Si M P s Al N % Fig. 2 /R T. T OHELS, KIRBILD L BT
Ccl | 0.00s 0.011 0.110 0.007 0.0070 0.071 0.0020 WMDEAY54 ik, CED0.02% LLTIC25 LB
C2 | 0009 0015 0.1 O OO 00 0.00m CEETAZLADAB. ZONHHEME, E i
GOINh GHE L bl LR LES SNy e coun i can
5 0. .01 . . . . <
Gé | 0032 0013 0110 0.007 0.0060 0.073 0.0019 ¢ 60 um BETHL. FAERALE AT
W (om oo o e dm o gmm  mmen) UWO) RMERO L 0N
A3 | 0014 0013 0,110 0.005 0.0070 0.068 0.0026 AR, 0.03% C DFEH 0pm THHOTY, Lo
A4 | 00013 0.014 0.110 0.005 0.0070 0.095 0.0028 o h e ARECHD.
M1 | 0.013 0.011 0.025 0.008 0.0066 0.054 0.0011 . _
M2 | 0013 0,009 0050 0.008 0.0069 0.057 0.0019 F, EAYIA MR, RELAZ ALZEOHEA
M3 | 0,011 0.0i0 0.110 0.008 0.0063 0.059 0.0012
M4 | 0.014 0.009 0.150 0.005 0.0057 0.080 0.0014 (0.023~0.095%) IZH T, Al EiZiF & A CERRIC
M5 | 0,011 0.009 0.280 0.005 0.0051 0.070 0.0013
M6 | 0.014 0.010 0.460 0.005 0.0056 0.078 0.0013 BEL, 3727 7INBBERELLICEE LRV E
(0]
5 SRT[mmc]xm
= 1250C
o
Q
GE) FT:>930C
- o
20C,/ 776Cx60's

650CX1h S A.C.(10s)

N

it OF.C. 280X 10min.

I!i \\ (Salt bath) A.C. 9 . .

' W 80% 15% Fig. 1. Diagram  showing

Hot -rolling Cold-rolling Annealing Temper-rolling Time experimental procedures.
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a) :0.025%Mn b) :

Optieal micrographs showing the influence of Mn content on cementite coarsening in
hot-rolled bands coiled at 650°C (Slab reheating temperature : 1150°C ; Steel : M1, M3, M5).
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Fig. 2. Changes in inter-particle spacing of

cementite with C content in hot-rolled bands coiled
at 650°C (Steel : C1 ~ C6). Data showing the influ-
ence of Al content and slab reheating temperature
are also plotted (Steel: Al (0.023%Al), A3
(0.068%Al)).

L#EZR L7z (Fig. 2).

Mn EBXLUPR 7 7MBIRED X > 54 FDEEIC
BXIEFTHEE % Photo. 1 BX U Fig. 3 I2/RF. Mn &
DT, FRIC0.1% LLTIKT S5 &dtx 51
bmﬁ%u%t<%%MTéb,x%fMﬁmEuz&
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Table 1 O H Al~Ad FH VT, BREHRICH T 5
AIN #r = (N as AIN/Total N) B XiFT Al B0
BRAE L. FOKE, 650°C £y TH Al B0%
Vv A3 (0.068%), A4 (0.095%) DIFEIIHTHIEIZZ
NENHK T5%, 85% & % o7z, F72, Al B\ Al
(0.023%), A2 (0.043%) DBAIZIEF N ZNE 30%,
45% ST X b ol —H, 730°C ODFIRER D & T
BE, Al~AL OLFRBITO VT 80% UL E oy
Boh, LadosT, AlBA0.05% LLEiCkS &,
650°C TH X B TH AIN O HIEEEEIY L5
ALRAISEECEICRETILDEEIONS.

BRIEMRIC A S AT O ATEM 2 X B4 L 7Y

" MnS T - 7- (Photo. 2 a)).
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Fig. 3. Influences of Mn content and slab

reheating temperature on inter-particle spacing of
cementite in hot-rolled bands coiled at 650°C
(Steel : M1~M§6).

Photo. 2. TEM observation of extraction replica
of precipitates in hot-rolled bands coiled at 650°C.
Slabs of steel Al (0.024%Al a)) and steel A3

(0.068%Al b)) in Table 1 were reheated. to
1050°C, while slab of steel A3 ¢)) was reheated to
1250°C.

B 1% % Photo. 2 IZ7RF. R T TMEEEH 1050°C &

A Al KA AT IIERK % L - BHho
hicxtL, 3B A3 I
ABENLITHPIE A X -5 R E LRF Al OBE
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Mn content, %

LRI CHBHA, AX->THY (Photo. 2b)), EDX %
BT CHEMICHRET L 2245, MnS & AIN O#E4A
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fbLTwi., $7, 3B A3 % 1250°C 1A 7 7L
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HARLEERILEL T 1153°C TH Y, AINDFhid
K AL T 1002°C, # K A3 T 1142°C LEMR SIS,
L7cAh%- T, 3B A3 #RIEMEL (1050°C) §5&, 2
5 7IEEFE CBEIC MaS & AIN OBESLA AL B D

DEEZLNS., —F, 1250°C &\ BB &
2, ThoidvoABBRL, BRELELEDIC MaS

ETHAMICENB L, 20#%, AIN ¥ 557
LTHALLA-bO LTS hD, ), K ALMOY
AiZiE, AIN OFIHAAEUE <, MnS HMTHIML
Zb0EBbhb.
3-3 EHMSRD5 RIFHE

BIER 2 RIR TH SIS &, —BIERBESIN O MY
BHALT 5. Fig. 4 1213 Table 1 @K M1 5 M6
* T Fig. 1 R T LREEEME 0D RIFEE %
RY. UL A KR CTEE - TH Mn BRS¢
2T TMBBELRTERDLILICXD, HHKD ¥
EAELLMLEL, F2BRRMELERTTA.
3:-4 ZAZTEEMBMCLZT Yy FHEIhOBAIL
ﬁMmMizﬂb%ﬁﬁ@ﬁH%ﬁ%%t<ﬁLé
5D, BIERO T » FEHIET| &R THE?D

Iy FEHINOREEIZBIITT Mn&E, A7 7}][]%?:(11&%
DEBE% Fig. 5 7. & Mo fLISRR T 210,
AT TMBBREYETIA2ILICLD 2R DHILTE,
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Fig. 5. Influences of Mn content and slab

reheating temperature on the hot-shortness in hot
rolled bands (Steel : M1~MS6).

1150°C LT Tah i, MEZAEL 2V

4. EREBRV OB IC L SRR

BE TR~ HMRBICE S W T, RIBEED 0 EESER
BTkt 13, Table 2 (RTBUE MMM % BV
MFRIGR LR CRARBEEL2 B % - 7. B IRE
i, 650°C Td o7z, BEHE L 72 BENR % R FRITR 404
THEHDR W%ﬁwTPL TS - HEIEE L 72, T
EMCEELZE®R L L OBEOIAVEFHBITO ¥
DA L%, Fig. 6 ({IRT. B /2012, 750°C TR
AR U725k M (0.03%C, 0.2%Mn, 0.03%Al) O
REFW 204 B RIBNICR Lz, Me s, i ) KEARY
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Table 2. Chemical composition and production parameters of steels mill-tested.
Chemical composition (mass% ) Hot-rolling (°C) Cold-rolling Annealing Temper-rolling
C Mn P S Al N SRT FT CT Reduction (%) (°C-s) Reduction (% )
0.016 0.09 0.004 0.006 0.068 0.0015 1070 915 650 80 780-60 1.0
— Table 3. Chemical composition of steels used
o Sgi\izdo?c Gsstgg (mass%) to observe cementite precipitation
181 N Ny behavior.
| \\ =0 O\O
16l Mo No Steel | C Si  Mn P s Al N
- S LC | 0.012 <0.010 0.07 0.007 0.0081 0.073 0.0024
B \\\ MC 0.038 <0.010 0.08 0.008 0.0083 0.074 0.0017
141 Conventional steel \‘A\‘A
R coiled at 750C X © TELDT, A5 4 FOMHAEIER SO L
1.2 1 ; A R | ~A - . N . . ~
Misdle 20 15 10 5 Bottom Bbhsn (Fig. 7b)D). LarL, B EEDN S HITK
Length of hot - rolled band, m ##i27% %A &, i)Run out table THO®HHIHIZE X > ¥ A
Fig. 6. Through-the-length distribution of 7- R AR R B HTIE L 220, )R TR0 C O

value of annealed sheets made on a production scale
for developed steel coiled at 650°C, in comparison
with that resulted from conventional steel with
0.03%C, 0.2%Mn and 0.03%Al coiled at 750°C.

5 £ =

5:1 BERICETIEA 214 PORERE

5:1-1 CED¥

BIEM DL A v 5 A MIBIEDOH BT A SBED ILE
HEHP B LT ZOHZBDOBID FIZHHT 5. 2 2T,
INSDHEHBREDDEL X ¥ 4 OB X BB
BXiZT CEDEEIIDVWTERT 5.

E 54 28175 Run out table EDHFIMR DG EHEE
3% 20°C/s THHDT, DX mEHEGHIPIZAEL
HEE- NG L £ FERNICHA L. Table 3 12
RT 0.012%C (L.C) & 0.038%C (MC) D& Mn DK%
FAFNVFHEMEM E L, wotAd—2TFF A1
M 930°C 12 20 min RE L 72D H, 20°C/s THHH
L, HFOEL OREDHAKEG L, M % GEEME
HWCBE L. Z0ME, 1)0.012%C OHEICIE,
W7t AN 7 2 74 MEICERE L THh 5, 560°C 1
W TRESRFICE A Y4 MW LA, ZhigxL,
i) 0.038%C DA, 690°C L T/8—F 1 R
PEMEL, FOHDGHPICENBEE L. D EDE
B R A N— 22 LT, Fig 7 CRT &9 g HE
REMNAR 2 ARRICHEC S LS T & 5.

SETEr 512, THLD L TWwB LI, i)C
250.02% LLFOMICB VT, 650°C BEDRET
BEP-TH, BHOBEOFREPICRILDTEA Y F 1
FOSKESRLF AT R BRI L, R C ik

Aty r 54 PHFHRETEY, RFICH
FlRICE A v Z 4 FAMH LA EZ BN 5 (Fig. 7b)
®@). —F#, ii)C &A% 0.02% BOMIZ BT, 650°C
DToX) ZEETEEZE S S Run out table ETHEIZ
NR—F 4 NERESAEL, ThAKRRO=F SIS
HTBHIEICRY, BEL V4 i LW
(Fig. 7¢)®). L L, 78— 4 FEREAEIET HRTIC
EWMO MBS L SNDE, BRI THRELEALDL A
vy A4 v AEERAK LT AL EHERENS (Fig. 7 ¢)
).

5:1:2 Mn EOEE

RIRSI Y L-BER DL X > ¥4 M, Ma BDORE
Ll BILBEORENSHEITTA. 2Tk, ZOHH
WCDWTEEEZMAA, MHRELTWLHIZCED
0.02% BT THHOT, A Y4 MIEWYEOR
BHICHETAERETS. 20X %A Y54 +D
M, 7294 MREFICBITS A2 ¥4 b0
EREOBEABRTHEITTHLDEERS.

XA NEFEMTH C OREERIE, HLREL
ELEBRTAOT, Mn BRIV L AEBYB LI
Thit, ROEEL LS. LTI, EL oy
HHAHH, Mn iFIFLACEEBLEZVEWIREOH
HIV (50T, FFETIREA YT A4 PAHHT
LmEIE Mn Bil2X - T, BlbLAawEEL ..

t XYy A NOBERMGETX, 7294 MEOKSR
RTHrOT, a)iEREKNER, b)EAKNT LD MnS
% EONHEYS OFBED Mn BIZL 5> TWh i 521t
Y4B, BERIPOARTEELBERE 25, BUER
DGR E, WAL 22508 M1~M6 T Mn EIZX >
THEREE R, 20~25um THotz. LA oT,
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o
5 .
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®coiling temp. : 650°c
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a)

720 ==

n Time

Temp.. C

]
]
]
1
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(]

0038 % (

c) c=002%
run out table

0.02 S
Arj £
C. mass% ™
Ar coiling
‘t/’ 0)
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Time

b)
i

@ coiling temp.

: 730

@coiling temp. : 650¢

Fig. 7. Schematic illustration of CCT curves for two low carbon steels showing the influences of
C content and coiling temperature on cementite coarsening.

Fida) 2EBER L Z 2 HUEZ V. Photo. 3 12, %
HEARDOHT H O3 ARITICB LIEFT Mn EOEE LR
T. AT TMBEEE 1100°C TH 5. WO SHK
TES, Mn BOET L EHICHEMLTWS I by
. bL, BEANRLOWIEWEX V514 b OBERE
BT E 5% 5, Mo BEVWIZEEA S 4
R RTINS 5 L FE SR A. LA L Photo.
TIWSRUZERERE, CheRus, LdoT, B
A b) vz idE 2 IC v, Shid, BIEER L
2T TIBBED LR & & &I EE LM 51
bbb d, 31 TlhXALHIIZEX 4 FPOKE
EMRRT TMARECLSTELEZVI E2S S, X
BashsE@mTds.

RIZEAY T AL FOBEEREIBXITT Mn 20K
BIZOWTHRT A, TNICETAERIZ, a) 72514 F
Mo CONEHEFEICBLIET Mo BOEE, b) 7«
T4 M AL MEO Mn OSEICERRS A FRER
BEEICBXITT Mn BORE, CKAshS. T,
ki a) o THET A, THICEHLTIEFELVEER
BBEEIE 2V EBbhs, WRY &, A—257F+4
MHF D C DIERICB XIZTEITLE (M) OFE%L,
C OBBEIC M EFOREN 2w EMRE L THRIEY
KB LTwS, 22Tk, 20E2FH%, 72914 b
D C DIEICERE L CwmT 5. METIFELET S
&, C DILHERE DM iz

W
DM=D: (1 - _MC |

im

a):0.05%Mn b):0.11%Mn c):0.28%Mn
Photo. 3. TEM observation of extraction replica
showing the influence of Mn content on precipitates
in hot-rolled bands coiled at 650°C (Slab reheating
temperature : 1100°C; Steel : M2, M3, M5).

TRENS, ZIT, Dcid Fe-C2 LAEZEIZBIFA C
DYILHRE, Wuc ¥ MEF & CIRTF L DMEEIEH /S
FGA=F—, Xy, Xc 3BOBOMEF, CHEFOK
FARTHAD.

Eizihss ()RS, WERF LTV ARERNLR
Mo C & (0.02%) & Mn £ (0.3%) 2fCAL, &5
12 Wye £ LT 0.26eV™™ T & LT65°C 2fEAT S
&, DM iz Dc L3 LALLM RDZ ENDRIS.
L7285 T, kiCih~7z a) OBERIIBEALTELE R
s,

RKIZb) OBEHEICOWTHKRE T 5. Fig. 8 IC/RL &

"EPMA 2& Bt X% 4 FOBIEHERE»S, Mn %

0.28% AT 58 (BH M5) 2BV Ti 650°C T %
WolBEHRD LAY Z A4 MIZ, Mn 25EHEL T,
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ZOE)REEE, hDHCEE DA T AL I
SWTHHER SN, EPMA TRP-EE09 2 L »
BIRALWVA, 0.28%Mn HHOBIEHR DO X & 4 b
IR L7 Mn &3, # 1% Tad - 72, Huwierr 519 |2
i, HEEEI 650°C TH 15 TH B DT, BSFH
JREECIE Mn A4.5% $TEX %4 MM LES S

@ (Fe.Mn)sC,MnS @ (FeMn)sC
3 T i

1T |

: .JL g C it

WS T it

A .,.,»uﬂN:\}.u\ :[ i &
| 1

Fig. 8. EPMA analyses showing enrichment of Mn
in cementite in a hot-rolled band coiled at 650°C
(Steel : M5).

kB, T4 M AT AL FEO Mn DSELIE,
REOBBEE L EL THURENHLH. RFETI,
REOBEEEZLUTOL ) ICFHET 5. WH L3258
i, Fig. 9 IR TERMAIHEIR (650°C) D% A & B
ThAh. #AZ 0%Mn, B i 0.3%Mn THYH, BOD
BOIEIZ 20ppm » C DB EL > T A V¥
AR ETHEEZS, BMETHAEA VA ML T2
54+ OFRMECEEEESK L JIPTFE), BN
T4 2 ) 9 7 AROBFOWBICEE S NS L
RESTHE, Fe-C-Mn 3 TLHRTOEA Y4 D 1K
T8 K v VHERERUTORTEIE S 120, Tie
line 1T —#XAYIC NV 7 DK % @S % v (Fig. 9 D%
CD).
(C—C®)/(C°— C®)= H|Dc}
—[B*Dcu/ (Dc/ Dy )] H{Dyl— H{Dc}]++(2)

(M_Mao)/(Me_Mae):H{DM} .............. (3)

H{D|=+7/&D)- v-[1—erf|— v//4D}]-
EXP ] 02/ (AD)] -weeereermssmenenrsesnenseniies (4)

B=(Mue_Me)/(Cae__ce) .................... (5)

ZIT, C,CMEEFNRZFNC, Mn DBEFEE*TL, K2
T af ik a PORMEEIESR, T2 C, M1y oF
wigrs, C° M° 3 b ORIERRT. Do, Dy 3T h
Zh ad® C & Mn OFRILEARET, Doy & Mn D
EAEIZERNTS C ORILERETH 5. Impingement
A EARE L 2BE D 650°C TDO 1 RITG’¥T K »
I EEE vk, Mn 2& %W Ao TR T
B=0 352 L TEENTE v=3.8X10 "cm*
sZpEoh, BHIZOWTE v=4.1X10 %cm-
sTY2 B ot 20 k) & RiEOBEEEOMEE
B, C, Mn ORI AV TWADOTERINE

0.3%

650C
Solubility
line
1 —
7 49
N
s v
c /ﬁ
0

C.%  (Fe.MmC

Distance
< -
]

Distance

Fig. 9. Schematic illustration of
isothermal compositional section for
discussion of the influence of Mn on the
growth rate of cementite.
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