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Effect of Hot Deformation on the Mechanical Property and Microstructure

of Patented High Carbon Steels

Yutaka KANETSUKI, Masaaki KATSUMATA, Motoo SATO and Koji Hosomr

Synopsis :

The effect of hot deformation on pearlite transformation behavior has been studied in high carbon steels
using direct patenting treatment. Patenting after hot deformation showed the refinement of pearlite
lamellar spacing and an increase in tensile strength. In order to study the transformation kinetics change
due to hot deformation, the Jominy end quench tests have been carried out directry after hot rolling and
compared with the usual Jominy curves obtained using reheated specimen with same austenite grain size.
This method showed an increase in the hardenability, which was accompanied by suppresion of
Widmanstitten ferrite and bainite nucreation and pearlite growth. Furthermore, the magnitude of increase
in hardenability depend on the carbon and manganese contents, and the curved austenite grain boundary

which was preserved by rapid cooling.

Key words : high carbon steel ; hot deformation ; patenting; hardenability ; Jominy test; pearlite ; bainite ;

Widmanstitten ferrite.
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Table 1. Chemical composition (wt%).

Steel (o Si Mn P - Cu Ni Cr

A 0.63 0.17 0.47 0.009 0.013 0.01 0.01 0.04
B 0.64 0.20 0.72 0.023 0.013 0.01 0.01 0.03

D 0.81 0.19 0.50 0.011 0.012 0.01 0.01 0.04
E 0.82 0.23 0.71 0.024 0013 0.01 0.01 0.02

B< 2 ppm

1100C, 1hr.

hot rolling
115—+15mmt

A.C.
(Direct)
lead patenting ’
(at 5207C)

Fig. 1. Schematic
procedures.
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illustration of experimental
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Diameter of roll = 210 mm
Velocity of rolling = 15 m/min
Fig. 2. Schematic illustration of roll pass se-

quence and Jominy test.
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(A) Direct type (B) Reheat type
Austenite grains observed at quenched
end of the Jominy test pieces.

Photo. 1.
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Fig. 3. Effect of direct patenting on the tensile
strength of high carbon steels (B, C, E).

(A) Steel B, direct (B) Steel B, reheat
(C) Steel E, direct (D) Steel E, reheat

SEM micrographs of steels patented
directly and after reheating treatment showing the
refinement of lamellar spacing by direct patenting.

Photo. 2.
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Fig. 4. Relation between tensile strength and
lamellar spacing of pearlitic microstructure. The
equation in parenthesis shows the relation between
flow stress and lamellar spacing (d) demonstrated
by EmBury and Fisuer®,

5mm

Photo. 3. Longitudinal section of Jominy test
piece showing the influence of shape of quenched
end on the depth of quenching.
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Fig. 5. Jominy curves of the high carbon steels

(B, D, E) showing the effect of direct hot deforma-
tion on the hardenability as against the variation of
carbon and manganese contents. Broken lines indi-
cate the distance of 50% martensite of direct types.
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Fig. 6. Jominy curves of steel E and the relation
between cooling time from 800°C to 500°C and the
distance from quenched end (after F. WkBEr and A.
Rose) 'V, Increase of hardenability (Al) and re-
gion (a), (b) and (c) are defined in this figure.
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(A) Direct (B) Reheat

Photo. 4. Optical micrographs of steel B observed at region (a).

Direct type shows

pearlite nodules(p.n.) and reheat type shows spiky constitutions(s. c.) predominantly.
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Fig. 7. Relation between increase of hardenability
by hot deformation and the carbon equivalent.
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Photo. 5. SEM image showing pearlite nodules
and bainite of steel B after reheating treatment.
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(A) Direct, region (b)
(C) Direct, region (c)

Optical micrographs of steel B showing the effect of hot deformation at region (b)
and (¢). Photo. (A) shows fully pearlitic microstructure and Photo. (C) shows small Widman-

Photo. 6.

stitten ferrite in contrast to the large one as shown in Photo. (B) and (D).

the Widmanstitten ferrite.
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