EFREIEC XD EAEE S D 2RO BERNT

D"

DIRGR- L8 - E e

23 (1991) 4, 308-314

Advanced Manufacturing Process for Tin Mill Blackplates
with All Temper Designations by Continuous Annealing
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Synopsis:

The authors have developed a new process for manufacturing the
softest T1 grade blackplate {(HR30T 49) by using continuous an-
nealing line (CAL). This development has been made possible by
the use of Nb-added extra-low carbon steel {Nb=0.003 to ¢.009%;
C=0.0039% or below) and by proper control of hot-rolling and an-
nealing conditions, namely, by controlling the hot-rolling finishing
temperatuare at 2 lower range (aiming at 830°C) and the hot-coiling
temperature at a medium level (aiming at 600°C}, and by applying
a new heat cycle 1o the CAL which recrystallizes cold rolled black-
plate at a medium temperature in a shorter time (750°C, 10s).
Kawasaki Steel Corp. has constructed a new production line at No.
4 CAL (top speed-in-furnace of 1000 m/min) and a multipurpose
cold-rolling mill in Chiba Works in March 1990. Technical condi-
tions for the manufacture of all temper grades, T1-6 and DR&-10,
have been established, and high productivity and excellent quality
for the kind of steel grades have been achieved.
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Table 1 Chemical compositions and hot rolling temperatures of steels used to study the effect of carbon content

Chemical compositions (wt %)

Hot rolling temp. (°C)

Steel type
C Al N SRT FDT CT
Low-C Al-killed steel (.011~0.090 0.030 0.0025 1255 860 610
Extra low-C Al-killed steel 0.002 0.052 0.0015 1160 840 580

Table 2 Chemica! compositions, hot rolling temperatures, and cold rolling reduction of steeis used to study the effect of

Nb content and steel sheets process

Chemical compositions (wt %) Hot rolling temp. (°C) Cold rolling
Sample steel sheets reduction
C Mn Al N SRT FDT  CT (%)
Tin mill blackplate 0.003 0.18 0.051 0.002 1170 850 570 88
Deep-drawing quality 0.002 0.15 (.040 0.003 1250 880 680 75

HAENERBERESHIToVT, BHEESTELILEHERT
TLimft b2 o M TEBMES OBRFET- 7.

Table 1 i3+ S LURE CHMEE S h, 2510 0.32
mm # CHABFES h -8R Y60 St by, soxo@EEes
IETCROBEAYRE~EBEY Fig. Liond, CEYEBRET
ETTszsitioT, TIOWEXHIZ LA TEDL, Linl,
W3 BERESE CRINELE rEoplsriFins s, EELE
R LT 45 ERESHATr Y ET IR RET I
a, r ACERESE () BB k%, TORBEHEELLT, Nb
OWBFEMCL Y, ATERH AR S & LICEECHRS
L, BRELEC 4 EFAC r EYE T 58 48 8o RBEr A
TRLZENFEBRTLY,

Table 2 o805y, BEEERES X UG HE PRETEES
R Y 5 0 & &R S RSB b, dr s LiET Nb
BOMEY Rty Fig. 205+, fok, dr WEEL RS
LT 00 (L), 90° (T) & Xueds” (D) HETrilrfEL, Ko
T X bRBIz,

Ar=(r 47 —2rp)/2

Nb 2#ERINTEI LI &y {BETED, BT, Ko E
Bk TEODRERIAZ, HEOHG.LY FEED 4 405
Xl ot Einh, BREETENAE L & & B BE
LizbErohd, £omMITr ., 7EEBLLE BRAETTERAL
T hEEREEEHTHEF2 2 e —AFRECRGT, EormTH
e EEEREIT, v 1YY v FEASDEROT, I AhELD
Lt BRTH 5,

—%, NbEmimcit, Nb Bl X 2 H5dAoe ik
Rt X UFIE Nb o Drag Z1RIZ L A ESBROER™ T L
b, BELEENILERETAOT, EEEMEEIER L LIPAT
OBERESE S B, Lo T, Bt EE Lond Nb b
BT o nEN Dot Fip. 3, SMEE L WE LOMFR
(Ers& ) whEt NbiGmas B8 e R, FHid 0.003%
C-0.189 Mn-0.05% Al #&A#m & L, Nb&FHmL i EAEE
BREATH D, BB T 50 mm B MMEREH, BHEERE (SRT
1100°C, FDT 840°C, CT 600°C) THi/E4 5mm iZ FEER, =
ORGSR 2 bW LT 2.6mm & L, §iHT, SEEE
ETH 88%) *ML 7o EBEgElosfRunBEEHER
L o AER Y BN L, ARRERE T, @CEEEELT
mE L, AR HER N A LR & A H RS
RAEALTOADTIERABEE L TR T2 %, 0.003% o Nb

IS ELE R Vol. 23 No. 4 1991

L Slow cooling
—~ 61} 7
=) [
m -
E 57 C
Fi i QOver aging
£ 83
5 L
] L
T L
481 | . [
0.001 0.01 .05

C content (wt %}

Fig. 1 Effects of carbon content and heat cycles on hardness
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Fig. 4 Optimum conditions of annealing temperature range at

No. 4 CAL for manufacturing temper designation T1
products using extra-low C steel
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Fig. 5 Effects of hot rolling conditions, CT and FDT, on #-
values and their planar anisotropy 47 on commercially
produced Nb-added extra low-carbon tinplate
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Fig. 6 Distributions of hardness in transverse direction of two
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. 7 Effect of steel type and annealing process on hardness
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30— T L B R B Table 3 Specifications of No. 4 CAL at Chiba Works
61 55\ 49 46 —HR30T
b g \ 52 1 Annual production (tfyear) 560 000
- 64
2z sk 1 Entry section (mfin} 1200
N .
E 67 Oigea;éng Furnace section  {m/min) 1000
2 15t 4 Exit section (m/min) 1400
E 0 . Thickness (mm) 0.15~0.40
E gt E Strip .
< ” Width (mm) 600 ~1 067
sk b . Weight (t) Max. 22.0
Coil .
A Diameter (mm} Max. 2134
1 L L 1 | 1 I Il
B80 700 720 740 760 78D Steel type Tin mill blackplate
Annealing temperature T ('C) , . 2stan Aigh mu_lti-
Fig. 8 Effect of annealing temperature and annealing time on Inline mill type rp;:,mpose coid-rolling
hardness of an extra-low carbon Nb-added sheet steel

ECLD BAF

FCCRM
CaL

New process

Fig. @ Comparison of conven-
tional process and new
No. 4 CAL process for
producing tinplate

FCRM [ NOCAL — >

ETL
ECCL
D SHIPPING

T2.3
ETL b
ECCL Y T4
TS
SHIPPING Ts
DRA
DRY
DRIO

: Temper reiling miil

FCCRM : Fuily continuous cold roiling mill ™
ECL : Electrolytic cieaning line DCRM
BAF . Batch type annealing fumace CPL
CAL : Continuous annealing line ETL
ECCL
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. Ceil preparation line

. Electrolytic tinning line

: Electrolytic chromium coating line



EEpEic L 2 2 HEEL Y SEEOMERHOMRE 313

FH, BRGEEMERFEHEN T 100°C &R
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Table 4 Manufacturing specification and mechanical proper-
ties of tinplate used for press test of PP cap

Manufacturing specification | Nb added extra-low C Al-killed
Steel type Steel
Annealing method CAL
Temper rolling method DCR

Mechanical properties
¥S (N/mm?) 463
TS (N/mm?) 463
El (%} 2.3
Hardness (HR30T) 66.0
7 value 1.57
dr —0.19

Note {1) DCR: Double cold-reducing
(2) Temper designation: T5CA
{3) Thickness: 0.15 mm

Low-carbon steel

100 pm

Photo 1 Effect of steel type on cross
section  Tnicrostructure  in
welded seam
Extra low-carbon steel
w240
§ AT Low-carbon steel
T
= & Measuring =HAZ~ —HAZ—
23 | point
%>wm
: : A i e Extra low-carbon steel S
Fig. 10 Effect of steel type on micro- g S e
Vickers hardness distribu- = - AT L
tion in welded seam 140 h

— 49 —

JigF8UgkEr#R Vol. 23 No. 4 1991



314 st X 3 NP LD SEROBER T O M

S
10 mim

Photo 2 Appearance of pitfer-proof cap

SLTELBEREFEMLHF, MITE R R E s Md s
EL UMl (T6) CREATMECL->7. $OFP 44y
7o E% Photo 2 1254,

6 ¥ &

B CORE S L > B HEARAEE e, 2y o
TE:s Tl osh TRECESETHHEFERF L. ToRRE &
ERFROMSHEENL, Nbifiing, BEEERE R X OHERE
e B 2 AR BEATAZ L L DBENCEETE DT
BAFE Lz, TEMBM TR G EE CHBIETE% No. 4 CAL A
B L, Zof CAL vk T1 28T 5 L L dic, FETcE
HREEEAEE Lo T, WIELEC I 2HEED > o
LEAEET, 2REEOS ) EEROMFELEE LGOI,

TL &b #EROMBLEGLTEHTLLUTOLEY TH S,
(1) FHLLTNb# 0.003~0.009% o EHEMLEERE
WEAVE, chick yEEkodbi - BEBEH B LR D,
(2) BAREEM LI ok 830°C B o EiE, HIE% TR E
600°C BEDhR LT, hKLD, BExfLOEE £
Fobhh s T RE LT L THRRTE, B—1HEYS

ThHED ERESABORE,

(3) HEERETOBY L 2oL, FEMEEL 750°C o R T,
BWRELYES -0 LB R BRI 10s L ERETH S,
Lo, EOHE0.15mm o KR 4 #HE L < 1000m/
min DEETERTE S,

¥t BEREAOERLYIES, LT v — & BEGERERRFR
PP # 4 o 7oA &R -

2 E X B

1) A xiE¥EE RILEIHE, AmKE PR, PEREER DEEE:
RSB gk, 14 (1982) 4, 466

2) AR %, LEIE, HEEEE K~ RULEE, FOUEED
&5, 68 (1982) 11, 51176

3) W #f, ATEXN, TEE TR, AxiETiE: #ke#, 68 (1982) 1L,
S1177

4) AxiEiE SLEB, NS, OISt RmEEE, MRREE:
kX 89, 68 (1982) 11, 51178

5} F. Yanagishima, Y. Nakazato, Y. Shimoyama, H. Sunami, Y. Ida,
T.Haga, and T. Irie: “Development of a Multipurpose Continuous
Annealing Line for Cold Rolled Sheet Steels”, 1982 AISE Spring
Rolling Mill Conference, Baltimore {USA)

6) WEENEM, AMTEd FEEE W%, FHE—
(1982 9, 150

7y N. Sumida, T. Fujii, Y. Oguchi, H. Morishita, K. Yoshimura, and
F. Sudo: Kawasaki Steel Technical Report, § (1883}, 69

8) NREL (k) s $5F 152450

9 JITEREE R 0 ATF 152451 (BERRTES 1569910)

10)  JERIEE (KR P 152452 (RS 1569990)

1) JEpEs, WA 4, BB TR A «iRdEd, BOLETE KDES:
&5+ 58, 6% (1983) 5, 8409

12) A ~pRdElE, BOUsnEE, EROUME, KMATEHE: oM, 69 (1983) 5,

@, 68

MBS 2EEE 8 Vol. 23 No. 4 1991

5410

13) T, Obara, K. Sakata, K. Osawa, M. Nishida, and T, Irie: Proceed-
ings of the Symposium on ““Technology of Centinuously Annealed
Ccld-Rolled Shzet Steel”, ed. R. Pradhan, TMS-AIME, (1984}, 363

14) FliE=, AfLW, FEEk, KEEE PR LO=R, 1
PR, EARE & MEEFo+ex, 4 (199D 2, 597

15)  pEH=EE, TOREEEE, TEFMERE, chEEE, TliMeT, KR M
Bl 7oe R, 4 (1991) 2, 5598

18) IR KBS, ARz, TE K, PREA, HUENA o
£l F7ow =, 4 (1991) 2, 5599

17} FilhdE=, AFAhay, AEFEM, APERT, e,
MRk R HL, 23 (1991) 4, 300

18) thEedk @ HAEW, FISEX, ME&Ed, FldT, FEE
NiEF R gEEE, 16 (1984) 1, 37

19) {EBE E, RIS, BENEN, WE OB TR ORIy REREE,
16 (1984) 4, 273

20y W.T. Lankferd, S.C. Snyder, and J. A. Bausher: Trans. ASM, 42
(19503, 1197

21)  WIELESE, b, EFE S5 gRE B, 76 (1990) O, 1536

22) FERI_: Bk, T0 (1984) 15, 1984

23) M. Sodeik, K. Taffner, and F. Weber: gkkil, 73 (1987) 5, 331

TFRrEE: I

o 50 —



