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Abstract Effects of cooling rate, cold reduction %, continuous annealing treatments on the
recrystallization texture structure of the Al killed extra low carbon steel sheet contaning Ti, Nb, and B
were Investigated. The texture coefficient ratio TC (222)/TC (200) tends to increase with decreasing
the cooling rate of the coling process and increasing cold reduction %. However, the texture coefficient
ratio tends to decrease as the cold reduction % increases from 80% to 90%, which may be due to the
change of the primary texture structure from {554}(225) to {111}(112). The optimum fabrication pro-
cedures for the steel sheet with a maximum texture coefficient ratio may be : furnance cooling after the
coiling treatment, 80% cold reduction and the continuous annealing treatment of holding at 800°C for 1

min., water quenching and then holding at 450°C for 5min.
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Table 1. Chemical composition of steels(weight%)
(wt%)
C Si Mn P S Al N Nb Ti B
0.003 0.01 0.128 0.007 0.002 0.027 0.003 0.004 0.008 0.0008
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Fig. 1. Continuous annealing cycle.

Table 2. Coiling, cold rolling and continuous anealing conditions

Specimen No. Cooling method in  Reduction % of Continuous Annealing Temperature
coiling cold Rolling T.(C) TAC)
A FC* 60 800 20
B AC* 60 800 20
C wQ* 60 800 20
D FC* 20 800 20
E FC* 80 800 20
F FC* 90 800 20
G FC* 60 700 20
H FC* 60 900 20
I FC* 60 800 300
J FC* 60 800 600

*FC : furnace cooling, AC . air cooling, WQ : water quenching
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Table 3. Texture coefficient data
Specimen No TC(222) TC(200) TC(222)/TC(200)

A 3.03 0.43 7.04

B 3.09 0.48 6.43

C 2.79 0.47 5.93

D 3.35 0.69 4.86

E 4.18 0.50 8.35

F 2.69 0.44 6.11

G 2.69 0.43 6.26

H 2.67 0.40 6.67

I 2.42 0.42 5.75

J 2.58 0.42 6.15
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Fig. 2. Texture coefficient ratios for various cool-
ing methods during the cooling after the heat
treatment for the coiling effect.
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diffraction pattern

Fig. 3. Transmission electron micrographs of the precipitates for
(a) the furnace cooling after the coling heat treatment(Ti;N, 141/amd)
(b) the air cooling after the coiling heat treatment (Ti;N, 141/mmm)
(c) the water quenching after the coiling heat treatment(Ti,;N, 142/mmm(136))
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Fig. 4. Texture coefficient ratio, TC(222)/TC
(200) as a function of the reduction % of cold roll-

ing.
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Fig. 5. Mircostructure for

{a) the 20% cold rolling reduction specimen
(b) the 60% cold rolling reduction specimen
(c) the 80% cold rolling reduction specimen
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Fig. 6. {200} pole fiures for the low carbon steel after recrystallization annealing for
(a) the 20% cold rolling reduction
(b) the 60% cold rolling reduction
(¢) the 80% cold rolling reduction
(d) the 90% cold rolling reduction
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Fig. 7. Texture coefficient ratio as a function of
the first heating temperature in the continuous
heat treatment.
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Fig. 8. Transmission electron micrographs of the
precipitates for the Ti(the first heating tempera-
ture of the continuous annealing) of

(a) 700C (b) 800C
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Fig. 9. Texture coefficient ratios for various sec-
ond heating temperatures in the continuous heat

treatment.

Table 4. Mechanical properties for various reduction %’s
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of the cold rolling

. Reduction hardness YS UTS ElL GS(t) GS(C)
Specimen No.
% (MPa) (MPa) (MPa) (%) (pum) (pm)
D 20 1,316 218.1 274.3 22.2 47 71
A 60 728 147.2 232.8 37.1
E 80 744 147.9 233.2 36.5
F 90 957 171.6 250.7 35.5
Table 5. Mechanical properties for various cooling methods of the coiling
Cooling
Soeci N Method Hardness YS UTS El GS(t) GS(C)
ecimen No. etho
P e (MPa)  (MPa)  (MPa) (%) (um) (m)
in coiling
A FC* 728 147.2 232.8 37.1
B AC* 713 149.9 2344 39.3 119 52
C wQ* 720 173.6 251.9 35.2 41 39

*FC : furnace cooling, AC : air cooling, WQ . water quenching
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Table 6. Mechanical properties for various temperatures(T,) of the continuous annealing

Specimen No. T, Hardness YS uTsS ElL GS(t) GS(C)
(§o)] (MPa) (MPa) (MPa) (%) (um) (um)
G 700 749 149.3 235.6 33.2
A 800 728 147.2 232.8 37.1
H 900 745 144.4 229.1 35.8 45 45
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