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Effects of Prestrain on Precipitation Hardening of Cu added Ultra Low Carbon Cold Rolled Steel Sheet

Ryujiro Onovera and Naomitsu Mizui

Synopsis: Effect of prestrain on the precipitation hardening in 1.4%Cu-added ultra-low carbon Ti-added steel has been studied.
The specimens were aged at temperatures below 550°C after annealing or subsequent prestrain up to 109%.

The as-annealed specimens showed considerable precipitation hardening only around 550°C. While the prestrained
specimens hardened at a temperature as low as 350°C. The electrical resistivity and hardness measurements revealed
that there existed a new nose for Cu aging around 400°C in addition to normal one around 600°C. The former nose can
be related to formation of metastable phase, and was largely accelerated by the prestrain. This acceleration effect can
be explained in terms of higher diffusivity of Cu atoms due to excess vacancies formed by the prestrain.

Key words: copper added steel ; ultra-low carbon steel; titanium-added steel; continuous annealing ; precipitation hardening ;

prestrain.
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Table. 1. Chemical composition of steel (wt.%).

S SoL Al N Ti Cu

C Si Mn P

0.0033 0.02 0.094 0.009 0.006 0.033 0.0016 0.056 1.42
Hot rol°|inq
1100°C
30min

*Y 20+6mm? Ao
O,
- 950°C 40s Aging
170~550°C

I0%ss  OMOTs

waQ

Machining Cold

émmt  rolling Tensile
v Red. straining
4mmt 80% O~ 10%

Fig. 1. Schematic illustration of experimental pro-
cedure.
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Fig. 2. Schematic illustration of increases in yield
and tensile strengths in the tensile test.
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Fig. 3. Change in yield and tensile strengths with
aging temperature in specimens with various
amounts of prestrain. The aging time is
20min.
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Fig. 4. Changes in hardness during isothermal aging
at 350°C and 500°C of the specimens with
various amounts of prestrain.
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Fig. 5. Isothermal age-hardening diagram of 1.4%
Cu added steel with various amounts of
prestrain.
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Fig. 6. Changes in electrical resistivity during iso-
thermal aging at 350°C and 500°C of 1.49%Cu
added steel with various amounts of pre-
strain.
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Fig. 7. Isothermal aging diagram of 1.4%Cu added
steel with various amounts of prestrain.
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Fig. 10. TEM micrographs of specimens aged in
various conditions.
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