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Diffusion of Massive Carbides in Bearing Steels by Soaking.
Takayoshi OTa, Kazuo OKAMOTO, Sadao NAKAMURA and Saburo SHIKO

Synopsis:

On the cost down of manufacturing bearing steel tubes, Hikari Works has adapted the continuously
cast process and then studied the soaking process. The studies were mainly made with continuously
cast blooms which have 260 mm square section and 180 mm octagonal section. A 350 mm square
section ‘conventional cast ingot was also examined for comparison.

Soaking was the necessary process to dissolve massive carbides in bearing steels. Without this process
these coarbides were decomposed by hot working but composed again in the annealing process.
(Photo. 2, Fig. 6) The massive carbides appeared much at center parts of cross section of blooms or
ingots, and size of the carbides was larger in larger cross section. (Fig. 2, Fig. 3) It seems that
these massive carbides formed as the eutectics at the grain boundary segregate parts in non equilibrium
solidification.

The massive carbides were dissolved by soaking. Experiments of soaking showed that the process
was diffusional (Fig. 7). The soaking time became shorter at higher soaking temperature to 1260°C.
Above this temperature the steel would be overheated.

The dissolution conditions depended on amount and size of the massive carbides. (Fig. 8) The
carbides were analyzed as (Fe,Cr);C. In these constituents Cr is most difficult to diffuse. Therefore
the dissolution conditions of the massive carbides were considered to be determined by diffusion of Cr.
Single Cr sphere which had same size as maximum size of the massive carbides in blooms or ingots,
was watched. During the soaking process Cr concentration of the sphere would be decreased to same
concentration in matrix. These considerations gave eq. (4). From this equation and experimental
results, the diffusion constants of the massive carbides in bearing steels were shown in table 2 and the
activity energy to diffuse was 1°63~1-79x 105 Cal/g atom. Obtained diffusion constants were slightly
lower and activity energy was slightly higher as compared to the case of diffusion of Cr in pure aus-
tenite. Therefore in the dissolution of the massive carbides was considered that the constituent atoms of
the carbides separated out of molecular ‘bond of cementite and diffused in segregate parts of the steels.
From eq. (4), the relation of the diffusion constant and the activity energy eq. (5) and the experi-
mental results, the dissolution conditions were derived as eq. (7). This equation showed that the
conditions were determined by maximum size of the massive carbides in blooms or ingots. Calculation
examples are shown in Fig. 7.

Finally, we approved that experimental results were able to apply the process of mass production

of bearing steel.
(Received 22 April 1966)
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specimens of continuously cast blooms and
a conventional ingot.
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Fig. 4. Distribution of Cr constituents in a massive
carbide with electro microprobe beam scan-
ning.
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Photo. 1. As-cast structures of continuously cast blooms (CC 18 : 180 mm octagonal, CC 26 : 260 mm
square section) and a conventional cast ingot (135 : 350 mm square section).
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and annealed structure after forging.
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Study on the Evaluation of Hot Workability of Steels by Hot Torsion Tests.

Synopsis:

Fujio Morozumr

Occurrence of cracks in tube-making, particularly in piercing tube blanks, constitutes one of the
important problems, and has been studied on its various aspects since many years; research efforts have
also been made to find an effective method for determining the optimum working temperature, however,
without any satisfactory result. It was seemed that the hot twisting test was a valid method for ad-
vancing these studies, but because the deformining mechanism in the course of twisting was not as
yet clarified, the extent and scope of this validity were not considered to be sufficiently established.
For this reason, the author developed a device capable of easily measuring not only the torque and
the number of revolutions at fracture, but also the secondary stress in gauge direction caused by twists,
and examined the twisting deformation patterns and importance of the secondary stress in determining
the hot workability. In this way, the following conclusions were obtained.

(1) The secondary stress occurring in the course of twisting is the phenomenon accompanying
shearing, and acts as tension at a temperature higher than the recrystallization temperature.

(2) There exists a certain relationship between the shearing strain (e') and the absolute tempera-
ture (Tk) at which the secondary tensile stress appears within the range of austenite temperature exa-

mined. .
e'=eo (Tg) R

It seem to us that there is a close relationship between this fact and the recrystallization of material.
(3) The intensity of secondary tensile stress (o:) is determined by strain (¢ ), strain rate (¢) and
absolute temperature (Tk); and these correlation can be expressed in the equation.

or=log K- (em-én- T4

where m, n and A are the constants incidental to a particular material; r indicates the sensitivity to

speed, A represents that to temperature.

(4) The patterns of deformation in hot working of steel can be generally classified into three types,
in relation to the stress, the strain and the fracturing shape.
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