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Synopsis :

The authors have developed a new process for manufacturing the softest T1 grade
black-plate (HR30T 49) by using continuous annealing line (CAL). This development
has been made possible by the use of Nb-added extra-low carbon steel (Nb=0.003 to
0.009%; C=0.003% or below) and by proper control of hot-rolling and annealing
conditions, namely, by controlling the hot-rolling finishing temperature at a 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 to 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 1000m/min) and
a multipurpose cold-rolling mill in Chiba Works in March 1990. Technical conditions for
the manufacture of all temper grades, T1-6 and DR8-10, have been established, and
high productivity and excellent quality for the kind of steel grades have been achieved.
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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
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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

IS X D B R AR LAY 100°C 4 BR M BTL, HMEOH
ML CEBWERI A, —F, No. 4 CAL i+t
THICEL, BRARESE LD Nb BERMEERZREN O
EEEE BB EERET A o oEfiHEY B, FOR
BAiRELBRETECSHREEREOMES LT Fig. 4 ioxT,
Rk, SRR L R, HE E D LE
WERE SRy, B BEAE LGOI E S R $ #o
0.15mm TH %, ThTLEEMREH 760°C LI T 0 ER THIUL
BRI EENTELIEREMRB L. LT NhEngoE
BRir, BEGRENTOOCLTA2MRTES 0.009% i, £LT
TR dr 28 202 KEELTHES 0.003% #E L1z,

3.2 H—RHWEZESCOOREIEREORN

WomTiErEh - GRRRYRET 5oL FDT i An &
BARELEET L08R TH S, Thil An HLUTO « i
BenRiEr & H BUESE oRERGERT (100} <011> DI
BAER L, SEFEMEOER I ELXFSLELL D THE,
Lisl, BERESRL A AAERE2 0T HEOH-FD
ERERBIE = 4 02, £k An S RCEE L THERET
B EEETHS, i, CT AEEXEELTHERT 5 0l
Ll £2°C, &6 XEHFICHE L -BMEERE L% L7, Fig
S rBERFREFEMC LS 2o v Ao ET FDT, CT o
hmt, ok, FHERLTORCL D,

F={ro+re+2rp/4

TIB-7 0.00289% C-0.18% Mn-0.049% A/-0,005% Nb % # 4
e L ine L, FHRCUHESRRE L, BENERITHT
SRT 1180~1070°C o {E, FDT 830,800,770°C, T 630,600,550
°C D 3 TV, BREEE (ETES%) #, HERMLE
B 750°C T otm. FIELFDT, CT L4 BRIZHZICE
Lt ThELGESIRD, I 2 FDT ERICLDHE LA
TOo(svA YU voi) wESE, CTieow T BE S
Bl LMo THEEhs, Lavl, CT ik 600°C £ 650°C Tk
FKELBELDT, FELCBESERLSTY 600°C Odig
MBEFTHED, riCBL T v A ¥y v 2O BRI i o et
EXETLL 0 FREN ST ThH 5, 7 iix, FDT 28 An &
LA B CfTdoh 2 4R b RS ERIKIC R 4%, FERIE ORI
(FE1.1~1.6) Xhit@h Ty B, hid SRT pHER CTHIY
MK D, BEMEEORMREN E{ ok iELBRE, [
Eoo s, EhmTE S, v v ) v rEOFEEEANE 2
Y- AEAERYEET A RhoMEEERE:, FDT 1 830°C
A oIER, CT i1 600°C fiEOFREABETH D,

- 47 —

—01+
-2

—03f 9

lue

161

¥-va

14}

.
.
Oyt =
B
b oo

800 830

FDT (C)

770

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. 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
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Fig. @ Comparison of conven-
tional process and new
No. 4 CAL process for
producing tinplate
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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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: Electrolytic chromium coating line
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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
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Photo 2 Appearance of pitfer-proof cap
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