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ON HUGE CARBIDES IN THE BALL-BEARING STEEL BILLETS
(STUDY ON THE BALL-BEARING STEEL (I))

Kiyoji Deguchi
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Synopsis: The authors observed -often huge carbides which could not be considered to appear in
simple alloy steel such as the ball-bearing steel (C=1-0, Cr==1-5%)), refering to the equilibrium
diagramn, generally at the cores of the steel billets, These carbides appeared at the phoshorus-rich
parts in the segregation strip bands in the longitudinal section of the billets. Their appearances were
almost same as the elongated slags of the manganese-sulphide serieg and in many cases they coexisted
with these slags too. By many microscopic examinations of the production billets, they were closely
connected with the segregating degree of the impurities which were apt to s;agregate, such as carbon
or phosphorus, and the solidifying conditions of the molten steel in the ingot-cases had the deci-
sive influences, After the solidification, it was difficult to eliminate them by the ordinary hot-
workings or heat-treatments. By refering the results of microscopic examinations of the longitu-
dinal sections of the many test-ingots which contained various amounts of carbon and phosphorus
respectively and the results of examinations of the structures jus{; after solidification of these
samples, to the equilibrium diagrams of Fe-C-P and Fe-C-Cr series, it seemmed that these huge car-
bides separated out as the eutectics at the places where the grain boundary segregations of carbon,
phosphorus, etc. increased over the definite degree, or that they were thé coagulations of the carbide
¢ which separated out by the solubility limit while cooling after solidification at the segregation
parts, such as above described. Now these huge carbides dissolved at about 1060°C whicH was much
higher than the solubility temperature in the equilibrium diagram, and in many cases the colo-
nies of the fine particles rest undissolved at the places where the huge carbides were situated.
These particles seemed to be the phosphide series, and, at about 1160°C, all of them dissolved too.

Next the authors measured the hardness differences by the micro-hardness tester, not only at the
hdge carbides, but also at the segregation parts after heat-treatment. For example, the huge carbides
had the hardness about 1300 kg/mm? Then the authors studied the influences of the added elements;
when carbon increased near to the upper limit, though in the specification range, and when phos-
pherus to about 0:04~0:05%, the huge carbides became to appear very much. Sulphur accelerated
their appearances considerably, aluminium and titanium, added as the deoxidizing materials,
suppressed a little, vanadium suppressed also a little, but tungsten and molybdenum accelerated
on the contrary. Based on these results the authors considered the device to decrease appearance
of the huge carbides.
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34 4322 0-99 0-27 050 0+030 0-024 1-61 Mo 0720
35 4323 0-96 0-26 0-47 0-019 0-028 1-60 0-68
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STUDY OF THE WATCH-SPRING MATERIAL (II)

Synopsis:

Tetsutaro M itsuhashi, Manabu Ueno,
Ryuichi Nakagowa and Kazuo Tsuya

Refering to the watch-spring, it may be classified in two, according to its size, for watches and for
clocks. In general the former containing about 0°95~1-2 per cent carbon has the mixed structure
of the sorbite and the spheroidal cementite, and the other containing about 0:70~0-85 per cent
carbon has the sorbite structure having a few spheroidal cementite, On this second report the
authors made research on what effect the size of the spheroidal cementite will give to the mecha-
nical properties of the watch-spring. '

The results were as follows:

(1) At the B heat-treatment, when the cementite size was below 2°8x the fatigue breaking
nu}nber, the torque test value, the proportional limit and the Young’s modulus were at the

maximum value while the permanent strain and the damping capacity were at the minimum value.

(2) At the D heat-treatment, namely-below about 4-1. of the cementite size the mechanical
properties became worse abruptly and above this size they became the worst.

(3) At the A heat-treatment, namely the spheroidal cementite being absorbed in the auste-
nite, the mechanical properties were inferior to the B heat-treatment. (Refer to Fig. 1 according
"to the means of the markslA, B, C., D, E, F, heat-treatment.)
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