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Table 1. Values of the interaction parameter ¢ P=log f§° at1%X
Alloying element x Temperature Range of element .
X e N s X . (%) Worker
0°007 1600~1700 < 5°0 This research
0°009 1600 <20°0 LANGENBERG®?
Ni 0°007*1 1700 <100 Kasuvap, PARLEE?
: 0-002 WEeNTRUP, RETF®
0*005 1600~1650 0~100 Sarto® *2
0°004 1600 <16°0 Sano & Minowa® *2
Co 0°005 1600~~1700 < 70 This research
0-0072 1550~1650 <240 | ScueNcK, FROHBERG, GRAF®
—0°013 1600~1700 < 7°0 This Research
Mo —0°0098*1 1700 <10°0 Kasavap, PARLEED .
—0°0043 1550~1650 <18°0 . ScuENCK, FROHBERG, GRAF®
—0*057 1600~1700 < 5°0 This research
Cr —0°045 MaTtoBa & Fuwa®
: —006 1600~1650 <13-11 SarTod - *2
—0°11 1600~1750 < 8°0 This research
v —Qr 9% 1600 < 3°75 Sano & Minowa®
—0"095%! 1700 <10°0 Kasuyapr, PARLEE™

*1; Calculated from figure in thase paper.
*2; Reproduction from reference®
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Composition of Cementite during Various Heat-Treatment
Processes on Ball-Bearing Steel.
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Synopsis:

As the fundamental concept to get the uniform martensite that was effective to the life of
ball bearing, the author considered the behavior of cementite during various heat-treatment
processes to arrive at the spherodizing annealed structure on the manufacturing process.

The primary-eutectoid net-work cementite was sharp and the Cr content in it decreased with
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the rise of cooling velocity.
of Cr for C.

. The diffusion constant was more important factor than the affinity

When the specimen, of which the matrix was fine sorbitic pearlite, was heated at a temperature
between A; and Ac¢m transformation point, the non-dissolved cementite changed as follows. At
the side of higher temperature of the range it was coarser somewhat and Cr9; in it decreased

with the rise of temperature and holding time.

At the other side Cr9, was increased with

the holding time. The former the diffusion constant of cementite was effective, the latter the

affinity of constructive elements in it.

In case of the specimen with globular cementite was heated at the same temperature, Cr
content in the non-dissolved cementite was increased with the temperature, because the
-cementite with the poor Cr content was dissolved more rapidly.
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Table 1. Chemical compos1t10n of specimens
and spherodized cementite (%)

. Spherodized
Steel ‘ Specimen 3 cementite
mark | i [ Ma| cr | € | cr | Mn
SIJJ—4 0°99 | 0723 | 0*39 | 1*45 | 6°73 | 7°60 | 159
SIK‘3‘1 06| 0°19 | 0°36 | 0°02 | — — —
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Mk ki, BRLEREBLOFRD LD, FiE
7= Ee BRIk
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RO EBRE 21T D7z, ERINEIL, e F < LIREETO7
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(a) 1000°C x2h W.Q. (b) 1000°Cx2h (10°C/h)
—800°C W.Q.

o L o *
(¢) 1000°Cx2h (50°C/h) (d) 1000°Cx2h (100°C/h)
—>800°C W.Q. - —800°C W.Q,

x1000 (2/3)

Primary-eutectoid net-work cementite in various cooling

velocities from single austenite phase.

Photo. 1.
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/0 50 100

Cooling rate CCH)
Fig. t. Composition of cementite at conti-

nuous cooling process from austenitizing
temp. 1000°C.
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(a) 820°Cx1h A.C.

Photo. 2. Non-dissolved cementite when as-rolled specimen  was heated

(b) 840°Cx1h A.C.

(c) 860°Cx1h A.C.
: X600 (2/3)

at a temperature between A; and Acm transformation point.
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LT 820,840,860°C
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Fig. 2. Cr9% in cementite at
various austenitizing temp.
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) and time.
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(a) 830~850°Cx25h W.Q.
(1C-1'5Cr Ball bearing steel)

(b) 800~820°Cx10h W.Q.
(1-Carbon steel)
x1000(2/3)
Photo. 3. Non-dissolved cementite when as-
rolled specimen was heated between A; and
Acm point. Ball-bearing steel was compared
with 19, C-steel.
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Table 2.

Diffusion constant of cementite into austenite (cm?2?/day)

" (by KawacucHi!1)

Heat-treatment

1°29, C-steel

800°C xX6h

4 X 7
840°C x #
880°C x #
920°C X #

7 X 7

Globular
Sorbitic
V74
o
Globular
Sorbitic

125,C-1+59,Cr steel
14 X 1073 Globular —_

— Sorbitic 1439 X103
2°00X 1073 — — :
362X 1073 Sorbitic 2*95% 10-3
583X 1073 Globular 4+72%X 1073

,6°65X 1073 Sorbitic 5411073

Table 3. Heat-treatment and cementite

composition.
Ceme_ntite
Heat-treatment Stpel composition (%)
mark
’ Cr Mn

830~850°C xX25h W.Q. | SUJ-2 727 1°40
” 4 4 SK-3*% 0-30 072

. 800~820°C X10h W.Q. | SUJ-2 8*10 114
7 ” 4 SK-3| 0°79 i°16

* Structure was nearly of graphite.
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' Table 3 OFERITT &0 Fig. 2 OffiEE—FHL T
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Spherodized annealing process

Fig. 3. Change of cementite composition
in spherodized-annealing process.
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Fig. 4. Cr¢, in cementite
at various austenitizing
temp. (As spherodizing-
annealed specimen)
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Table 4. Heat-treatment and cementite

composition.
. Cemepgite
Heat-treatment ?truc- composition (%)
. ure
Cr Mn
950°C x2h—720°C. Sphero- 515 |76
X20h W.Q. | dized .
4 —700°C Lamel- . .
X5h . # lar 6°28 1241
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L, F—80 CrpaRimFicEREELIOTSH
5. ' -

(5) RBIRttis (LD Cr BEER e
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