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Effect of Annealing Temperature on the Mechanical Properties of an
Extra-low Carbon Cold-rolled Steel Sheet Containing P and Ti
Woo- Chang JEONG and Jin- Hwan CHUNG
Synopsis :

The effect of annealing temperature on the mechanical properties of extra-low carbon cold-rolled steel
sheet containing P and Ti was investigated. The obtained results are as follows :

1) The observed correlation of tensile propeprties with annealing temperature is interpreted in terms of
a newly proposed strengthening mechanism which differs from the previously suggested one.

2) Precipitation strengthening calculated from Ashby-Orowan model for steel sheet continuously
annealed in the temperature range of 750-810°C for 30 seconds is about 80 MPa.

3) In extra-low carbon cold-rolled steel sheet containing P and Ti, effective Ti content can be expressed
more realistically by Ti** =Total Ti— (48/14)N-— (48/32)S—Ti as (Fe, Ti)P than by the previous equa-

tion, Ti* =Total Ti—(48/14)N—(48/32)S.

Key words : extra-low carbon steel; cold-rolled steel sheet; continuous-annealing ; mechanical properties;

precipitation of (Fe, Ti)P.
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Table 1. Chemical composition of a specimen (wt% ).
C Si Mn P S Ti N Sol. Al Atomic ratio of Ti*/C
0.0042 0.43 0.63 0.072 0.0091 0.080 0.0035 0.054 3.23

Ti* = Total Ti—(48/14)N—(48/32)S
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Fig. 1. Effect of annealing temperature on mecha-
nical properties of annealed sheets.
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Photo. 1. Transmission electron micrograph of
replica with particles extracted in hot band and its
energy dispersive X-ray spectra. Cu K, origin-
ates from Cu mesh.
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Photo. 2. Transmission electron micrographs showing the effect of annealing temperature on the

distribution of the precipitaes:a;750°C, b ; 780°C,

¢;810°C, d;840°C, e;870°C and f;

900°C. Most precipitates observed in Photo. 2 a through f reveal energy dispersive X-ray spectra

shown in Photo. 2 g.
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Photo. 3. Transmission electron micrograph of
replica with particles extracted in specimen
annealed at 900°C and its energy dispersive X-ray
spectra.
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Table 2. Calculated values of precipitation
strengthening amount with annealing temperature.

Annealin, -
temperature %"C) x{um) f Gppt (MPa) Agpp (MPa)

750 0.045  0.01375 78.3 -

780 0.040  0.01220 81.1 2.80
810 0.046  0.01740 86.3 8.00
840 0.054 0.00890 54.3 —24.0
870 0.075  0.00573 33.3 —45.0
900 0.094 0.00024 5.7 —72.6
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Photo. 4.
750°C, b;780°C,
size measured by ASTM E112-63.
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Optical micrographs showing the microstructural change with annealing temperature : a ;

¢;810°C, d;840°C and f; 900°C. Number on each Photo. is ferrite grain
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Table 3. Comparison between calculated and measured yield strength increment with annealing temperature.

unit : MPa
temﬁ:;‘:;,‘;gg(»c, ¥s ays Tppt Aoppt gy, Agppt Ao, AgytAge—AYS
750 269.70 — 78.3 — — — —
780 252.05 —17.65 81.1 2.80 0 2.80 20.45
810 250.09 —19.61 86.3 8.00 0 8.00 27.61
840 246.16 —23.54 54.3 —~24.0 0 —24.0 —0.46
870 225.57 —44.13 33.3 —45.0 —8.29 —53.29 —9.16
900 196.15 —73.55 5.7 —72.6 —29.40 —102.00 —28.45
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Fig. 4. Effect of annealing temperature on the
pole intensity.
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Fig. 6. Typical stress-strain curves with anneal-
ing temperature obtained in tensile test for
measurement of ageing index.
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