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Effect of Titanium Addition on Strain Aging of Low-Carbon Steel
Wire Rod
Ikuo OcHIAI and Hiroshi OHBA
Synopsis :

A study has been made on the effect of the addition of titanium to reduce strain aging of low-carbon steel
wire rod during cold forming. The effects of the conditions of wire rod rolling and subsequent cooling on
the precipitation behavior of TiC and also the effect of the reduction of strain aging on both flow stress and
work hardening have been investigated by adding titanium to low-carbon steels of carbon contents of 0.005
and 0.02 mass%. The results obtained are as follows.

(1) The precipitation rate of TiC in ferrite phase is highest at approximately 1 073K. The precipitates
observed are pure TiC and the complex precipitates of TiC nucleated on Ti,C;S; or Ti,S precipitates.

(2) When a small amount of titanium is added to the low-carbon steel wire rod, the strength of the wire
rod is increased by the precipitation hardening caused by TiC.

(3) In the case of ordinary rolling, the minimum amount of titanium for the prevention of strain aging is
over three times more than the stoichiometric amount for 0.005 mass% carbon steels, and is approximately
twice as much as the stoichiometric amount for 0.02 mass% carbon steels. The minimum amount of tita-
nium is remarkably reduced by controlled rolling.

(4) The amount of work hardening by wire drawing and flow stress in the high-speed compression test
were reduced by approximately 27% and 15%, respectively, by the prevention of strain aging.

Key words : strain aging ; low-carbon steel ; wire rod ; titanium ; precipitation ; work hardening ; flow stress.
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Table 1. Chemical composition of steels (mass %)=
Group Steel No. c Si Mn P S Al Ti N 0 Ti-ratio™
1 0.0053 0.011 0.24 0.020 0.004 0.020 - 0.0027 0.0020 0
2 0.0057 0.011 0.24 0.019 0.004 0.022 0.034 0.0029 0.0021 0.67
A 3 0.0052 0.012 0.24 0.019 0.004 0.022 0.053 0.0027 0.0021 1.36
4 0.0051 0.012 0.25 0.019 0.004 0.021 0.075 0.0028 0.0019 2.10
5 0.0050 0.013 0.24 0.019 0.004 0.021 0.090 0.0028 0.0022 2.64
6 0.0055 0.015 0.25 0.017 0.005 0.022 0.105 0.0029 0.0020 2.9
7 0.022 0.014 0.24 0.018 0.005 0.025 — 0.0032 0.0019 0
8 0.017 0.013 0.26 0.018 0.004 0.027 0.052 0.0023 0.0021 0.53
B 9 0.019 0.014 0.25 0.019 0.004 0.027 0.093 0.0024 0.0019 0.96
10 0.019 0.014 0.24 0.015 0.004 0.020 0.125 0.0029 0.0020 1.31
11 0.019 .0.014 0.24 0.015 0.004 0.021 0.189 0.0028 0.0020 2.07
* Eq.(2)
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Fig. 1. Effect of titanium addition on mechanical
properties of wire rod (5.5 mm).

Table 2. Ferrite grain size and strength of wire-
rod.

Rolli Ferrite }0.2% proof| Tensile
Steel No. | Ti-ratio d'lt['lg grain size stress strength
condition | =\ umber (MPa) (MPa)

4 2.10 Ordinary 7.5 180 318

. Controlled 7.9 121 288

6 2.91 Ordinary 7.8 162 307

: Controlled 8.2 107 278
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Fig. 2. Effect of titanium addition on aging index
of wire rod (5.5 mm).
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Fig. 3. Effects of rolling condition and reheating
treatment on aging index of wire rod (C : 0.0050~
0.0057 mass%).
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Transmission electron micrographs of
precipitates in wire rod.
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Photo. 2. Transmission electron micrograph of
complex precipitate (Steel No. 6, controlled rolling).
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Fig. 4. Isothermal precipitation diagrams of TiC
(Solution treatment : 1 473 KX 20 min).
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Fig. 5. Change in Vickers hardness number by
isothermal precipitation treatment at 1073K
(Solution treatment : 1 473 KX 20 min).
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Fig. 6. Changes in mechanical properties of wires
by drawing.
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Fig. 7. Relation between aging index of wire rod
and amount of work hardening (ATS) by drawing
(r=93.5%, e = 2.74).
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Fig. 8. Relation between equivalent strain (€ )
and equivalent stress (o) in compression test of
wire rod (€ = 10/s).
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a. @ Steel No. 1 b. ® Steel No. 7
500 |- O Steel No. 6 B © Steel No. 11
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Fig. 9. Effect of temperature on flow stress and
reduction of area (Tensile test, e=0.2, é =

10/s).
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Fig. 10. Effect of cooling rate after solution
treatment of 1473 KX 20 min on Vickers hardness
number.
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