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Improvement of Drawability of Hypereutectoid Steel Wire by Co Addition

Synopsis :

Yutaka KANETSUKI

The grain boundary cementite and widmanstatten cementite consisted in a hypereutectoid steel have been

considered to cause the brittle fracture.

In this study, the effect of Co addition on the transformation be-

havior of the hypereutectoid steel has been examined in order to control the grain boundary cementite

precipitation.

It was found that in the case of hypereutectoid steels containing carbon content less than 1.3

wt% the grain boundary cementite precipitation could be suppressed with the addition of Co and patenting

treatment.

By suppression of grain boundary cementite, the hypereutectoid steel showed good drawability compara-
ble with that of eutectoid steel and the increase of tensile strength comparing with eutectoid steel. The
analysis using EMBURY-FISHER relation showed the increase of workhardening rate due to the refinement of

lamellar spacing, which was confirmed by microstructural observation.

The effect of Co addition on the

transformation behavior was also discussed from CCT curves.
Key words : hypereutectoid steel; grain boundary cementite; widmanstatten cementite; cobalt; drawing

patenting.
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AL LTHREES 1.0~1.45wt%, CoE% 0.5
~3.0wt% I2Z{b s+, Si, Mn BizoWwCidE @M
Wy L7-10kg 4 Ty PEEZEBRICIDBERL .
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Table 1. Chemical compositions of steels (wt%).

Steel C Si Mn P S Cu Co
A 1.01 0.20 0.48 0.004 | 0.002 | <0.01 0.49
B 1.15 0.23 0.52 0.008 | 0.003 | <0.01 0.98
C 1.15 | 0.21 | 0.49 | 0.005 | 0.002 | <0.01| 0.51
D 1.14 0.22 0.52 0.005 | 0.002 ) <0.01 1.96
E 1.28 | 0.19 | 0.50 | 0.004 | 0.005 | <0.01| 3.05
F 1.45 0.19 0.49 0.001 0.004 | <0,01 2.98
(A) (B)
950 %, 10min.
2
2
«
S
(4]
=) A.C.
E Patenting
- 550%
Time
Fig. 1. Schematic illustration of heat treatments.

(A) and (B) show patenting and air cooling types
respectively.
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TEBYH, T¥7%bbH, Photo. 1(A) & Co DEHEIUT & KL
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MK 2o 72 Steel E DR EZRF LT A, F 7z,

4.0 T T -
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Open marks : Grain boundary precipitation free
Solid marks : Grain boundary precipitation was observed

Fig. 2. Relation between carbon and cobalt con-
tents in order to suppress the grain boundary
cementite and widmanstatten cementite precipi-
tation. A-F indicate the steel code shown in Table
1.
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FRERNT VT4 Y FOBPE LB LT Fig. 3 1077,

Fig. 3 3k EE% 1.15wt% Lt —F & LT Co # (Fig.
3DOFICEKIILTWS) 2 E{L& ¥ 7 Steel B, C, D
oW, FROWHANBEESf LRREA Y54 b0
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Fig. 3. Effect of cooling rate and cobalt addition
on the hardness distribution and morphology change
of 1.15 wt% carbon steel (Steel B, C, D). Broken
lines indicate the precipitation of grain boundary
cementite and widmanstatten cementite.

A : Shows fully pearlitic micro-
structure of steel E

B : Shows typical grain boundary
cementite and widmanstatten ce-
mentite of steel F

Photo. 1. SEM micro-
graphs showing the effect
of cobalt addition.
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Fig. 4. Effect of cobalt addition on the hardness
of 1.15 wt% carbon steel wire rods. The hardness
of the center of the wire rods in Fig. 3 are plotted
in this figure. L.P. means patenting and the mi-
crostructure in this case was fully pearlitic above
1.0 wt% cobalt addition. A.C. means air cooling
and the microstructure was consisted of pearlite
and grain boundary cementite.
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A : Steel D (1.96%Co) B : Steel B (0.98%Co)
C : Steel C (0.51%Co)

Photo. 2. Lameller structure of Steel B, C and D
as patented. The location of observed area of the
wire rods was nearly D/4 (D means wire rod
diameter).
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Fig. 5. CCT diagrams of Steel A and Steel B
(Austenitization : 950°C, 10 min). Number in pa-
rentheses indicate the cooling rates (°C/s).
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(a) 40°C/s
Photo. 3. Optical
microstructure of
cooling rate.

(b) 25°C/s

(c) 18°C/s
micrographs
Steel A

(d) 5°C/s
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Fig. 6. Mechanical properties of drawn hyper-
eutectoid steels with cobalt addition.
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Fig. 7. Relation between tensile strength of the
drawn wires and exp (&/4).
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Fig. 8. Relation between ductility of the wires
drawn up to ¢=1.5 and the carbon content.
Ductility was evaluated by reduction of area after
tensile deformation. A and B indicate the steel
code shown in Table 1.
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Fig. 9. Fe-C phase diagram showing HuLtcrEns

extrapolation of 7/a and 7/C equilibrium lines and
CCT diagram of Steel B. Cooling curves (1) and
( 2) indicate the critical cooling rates of 1.13 wt%
and 0.8 wt% plain high carbon steels respectively
and ( 3 ) indicate the cooling curve of the center of
used wire rod during patenting.
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