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Continuous Annealing Heat Cycle for the Drawing Quality Cold
Rolled Low-Carbon Capped Steel Strip

Haruo KUBOTERA, Kazuhide NAKAOKA, Kenji ARAKI,
Kaoru WATANARBE, Akihiko NsHIMOTO, and Koji IwAse

Synopsis:

A continuous annealing heat cycle is established for the drawing quality cold rolled low—carbon capped
steel strip. The heat cycle is composed of the recrystallization treatment, rapid cooling incorporating
water quenching, and subsequent over—aging treatment. Sufficient over-aging can be realized in less
than 1 min by virtue of the rapid cooling, in contrast to the past results in which over—aging times of 30 min~~
1 hr were employed. The main feature of the heat cycle is as follows: recrystallization treatment at
700° to 720°C for 40 sec; water quenching from around 600°C; over-aging treatment at 350°~450°C
for 60 sec.

The recrystallization in the above temperature range results in the reasonably large ferrite grains without
the presence of the pearlite colonies.

The water quenching from around 600°C is essential to balance the beneficial effect of the decrease in
solute carbon against the adverse effect of the increase in the fine carbide precipitates.

The over-aging treatment in the above temperature range is beneficial to achieve the efficient over—
aging under a reasonably low solubility of the interstitial carbon. )

Prolongation of the recrystallization or over—aging treatments does not show any substantial effect.
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Table 1. Chemical composition of the low-carbon
capped steel (wt2).

c Mn P ‘ S N
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Fig. 1. Effect of cooling rate and temperature of
the subsequent over-aging on Aging Index
Recrystallization treatment; 700°C X 30sec
Over-aging time; 60sec
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Fig. 2. Effect of over-aging time on Aging Index
Recrystallization treatment; 700°Cx30
sec
Over-aging temperature; 400°C
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Table 2. Chemical composition of the low-carbon
capped steel (wt%).

G Mn P S N O

0.037 . 0.27 | 0.010 | 0.017 | 0.0015 | 0.033
{ 4 { { {
0.062 | 0.32 | 0.014 | 0.024 | 0.0026 | 0.056
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T, !Heating temperature ( 680— 760°C)
T,: Over-aging 1emperaﬁ:re (300—500°C)
T3: Quenching temperature (450—700°C)

Fig. 3. Heat cycle used in the experiments.
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Fig. 4. Effect of quenching temperature on the
mechanical properties of the continuously
annealed sheets.
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Over-aging condition; 450°C x60sec

i, (RIEOFE 2 T~7.

WENOEE S IBRFEIRERE THRIZES LTERET
HH U, BpuEgostphc 1.0% OFEEER i LT
P BEERRRBR AT VW EEZFAE Lic. £, Hlo—
BRI 38°C T 8 BRRRF L CIRERRh & & T
2 HEIRERE T 2. SRR A bw 2 4
TOREE A F Y, 5RFEE 10 mm/ min Tf7k D7,
AW JISS SRR T &0, MBFEREAM
T NTEEEA S ECH— Lz, E7, SRR O
(CHLENTIS U T ELE 5 [T O 65 BRI SR 18 R OV EE
g, RN X 2308 FHMsEsE, WEERD
HsE 7 &b fTie 27z,

32 ZBRERUER

3-2-1 @ERFEHAAIERRTOKEEANBHARE O E

FIEFEEES RO 38°C X 8 B0 {RiERShZIZE R
B AT DR % Fig. 4 . E¥HiRshite >
WTHh D E, BNEROBREMOCOETE, BREHDL
F, HOEDHILDOWFNRDOEHIC BT b KEEANBIAIR
EREWESRBIFEFERICED>TVWS. chil, X0E
M HKEEAIT 513 LB ABET O S B IE R E D
BRAFIERRE L R VITHO D OBEINSEL, D
T DI BRFSAMEE O BB RFBEE IS Licicd L
Zxzbhn. Fig. 513, ZOEZHZEDBRDIC, W
R X S WIBEBRERZ TR R THD. Kk

— 93 .



628 % & £ 162 4& (1976) {62
R '”“"”*”‘“*”‘“"f‘”f“‘*jr*“*“fﬁ;;”‘;j”::”‘”‘”’“’j
t #* ‘ & ‘ ‘ 1
,,/-‘J“‘i e ‘* i ‘.*
(a) (b) (c)
(a)} Quenching temperature : 500°C —
(b) Quenching temperature : 600°C hu

(c) Quenching temperature : 700°C

Photo. 1. Influence of quenching temperature on the carbide morphology after the over-
aging treatment. (Transmission electron microscopy)
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Fig. 5. Dependence of the Snoek peak height on
the water-quenching temperature.
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Fig. 9. Effect of heating temperature on mechani-
cal properties of the continuously annealed
sheet.
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Photo. 3. Microstructure of the continuously annealed and batch annealed sheets.
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