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Effects of Cu and Ti-precipitates on Recrystallization Texture of Cu-precipitation
Hardening Ultra Low Carbon Cold-rolled Steel Sheet

Masaya Morita, Kaoru Sato and Yoshihiro Hosova

Synopsis

: The mechanism of improved r-value of continuously annealed steel sheets by high temperature hot-coiling in Cu-

bearing ultra low C interstitial-free(IF) steel has been investigated by using the hot-bands with different morphologies
of precipitates obtained by various heat-treatment in the temperature range of 500°C to 800°C. By the ODF analysis
of recrystallization texture, it was clarified that the ¥-fiber texture (<111>//ND) extremely developed by hot-coiling at
the temperature ranging from 700 to 750°C. TEM observations also revealed that the complex-precipitates composed
of Ti-carbosulfide and Cu were observed only in the same range of hot-coiling temperature. Improvement of r-value
by high temperature hot-coiling is caused by the development of y-fiber texture by precipitation of Cu combined with
coarse Ti-carbosulfides which avoids the detrimental influence of fine pre-precipitation of Cu in matrix.

Key words : extra low carbon steel; interstitial-free(IF) steel; cold-rolled steel sheet; Cu-precipitation hardening; Ti-carbosulfide ;
complex-precipitate ; r-value ; recrystallization texture ; ¥-fiber texture ; <100>//ND-fiber texture ; Orientation Distri-

bution Function.
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Table 1. Chemical composition of steel used. (mass%)

C Si Mn P S SolAl N Cu Ni Nb Ti B

0.0025 0.16 0.27 0.001 0.002 0.037 0.0036 1.02 0.52 0.016 0.040 0.0004

Tk 54 4 A30HZA FR5 4108 8 HEZHA (Received on Apr. 30, 1993 ; Accepted on Oct. 8, 1993)
*  NKKEAMEHXMIFFSERr (Materials & Processing Research Center, NKK Corporation, 1 Kokan-cho Fukuyama 721)
* 2 NKKEBH MW (Applied Technology Research Center, NKK Corporation)
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Fig. 1. Sequence of heat-treatment of hot-bands.
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Flg 2. Optlcal mlcrostructure of hot bands.
(a) LCT sample, (b) HCT sample

F1g 3. Optical mlcrostructure of LCT sample heat
-treated by various conditions.

(a) 500°C for 10h, (b) 720°C for 1h, (c) 760°C for 1h, (d)
800°C for 1h
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Fig. 4. TEM micrographs and EDS spectra of pre-
cipitates observed in hot-bands.
(a) LCT sample, (b) HCT sample
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Fig. 5. TEM micrographs and EDS spectra of Ti-
carbosulfides observed in LCT sample
heat-treated by various conditions.

(a) as solution-treated, (b) 500°C for 10h, (c) 640°C for-1h,
(d) 720°C for 1h, (e) 760°C for 1 h, (f) 800°C for 1h
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Fig. 6. TEM micrograph and EDS spectra of com-
" plex-precipitates observed in HCT sample
heat-treated at 720°C.

Fig. 7. TEM micrograph of Cu-precipitates obser-
ved in LCT sample heat-treated by various

conditions.
(a) 500°C for 1h, (b) 640°C for 1h, (c) 760°C for 1h
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Fig. 9. Effect of heat-treating temperature of hot-bands on recrystallization texture represented by the ¢ =45°
sections of ODF in LCT [(a) ~(d)] and HCT [(e)~(h)] sample.
LCT samples: (a) as solution-treated, (b) 640°C for 1h, (c) 720°C for 1h, (d) 800°C for 1h
HCT samples: (e) as solution-treated, (f) 640°C for 1h, (g) 720°C for 1h, (h) 800°C for 1h

Key ;»: {111}<011>,a: {111}<112>,07: {100}<001>
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perature of hot-bands.

Table 2. Interrelation of heat-treating condtions of hot
-bands and metallurgical factors in hot-bands.

Size of | Condition of Cu in matrix

heat-treating | G.S.

No. e N
condition No. [Ti(CS) *| 15 solution Precipitation

Almost all few
A few(~10%)

Half{~60%)

8.2
8.3
8.3

70nm

340nm

as solution t;eated
640°CX 1h soaked
720°C X 1h soaked

Fine precipitation (ptt.)

450nm Coarse ptt. with Ti(CS)

W N

800°CX 1h soaked | 4.8 | 380nm | Almost all | Coarse ptt. with Ti(CS)

* :Ti-carbosulfide
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shown in Fig. 9.
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