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The Influence of Cementite Particle Dispersion on the. Strength
Indices of Tempered Carbon Steels.

Genjiro MiMa.

Synopsis:

~ e e —e L4
The Lelahuuaulps pet

ween strength indices (vield strength, tensile strength and hardness)
and parameters of microstructure in two commercial plain carbon martensitic steels (0 7%
and 1*19% C) have been studied after varying isothermal tempering treatments at 690°C.

The size-frequency distributions of cementite particle diameter on a polished cross-sections -
of the specimens which tempered at ¢90°C for various periods of time (6 mn. to 400 h) and
the number of ferrite grains per unit area. for the speciméens after times in excess of 10h
have been measured by the use of an optical and an electron- -microscope, and from these re-
sults, the mean diameter of cementite particles, the mean free ferrite paths, and the ferrite
grain size of the specimens after 10h or.longer tempering.

Theé various relationship which have been proposed between parameters of the microstru-
cture and strength indices are confirmed with the present data. The results which were.
confirmed the linearity of the relationship derived by Gensamer and co-workers are showed
a fairly large experimental scatter and the reverse- (Japanese He) type curve. The strength
indices as a function of the mean diameter of cementite particles have been shown the dis- .
continuity at the corresponding values for the tempering time between 1h and 3h. From
the present results, it is suggested that the strength indices of the tempered steel containing
non-coherent partlcles of cementite depend upon the development of minute ferrite grains
which are bound by the low energy ‘boundary, the transition from the construction of low

energy boundary to that of ordinary grain boundary, and the growth of ferrite grains which

are bounded by the ordinary boundary.
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Table 1. Analysis of the steels tested.
Designa- Chemical analysis (%)
tions c | Mo | si P s
0°79%C ’ 068 044 013 0°030 | 0*035
1°19,C 1*10 042 024 0°030 | 0°040
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Fig. 2. Effect of isothermal tempering at 690°C upon tensile properties #) (5~3) kg/mm? R

and hardness of 0°7%-plain carbon martensitic
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Table. 2. Volume fractions f;, f. diameter of cementite particles, 2R and number

of cementite particles intersected by the line Ni.

Steel ‘Temper- | Fraction of Average ' Mean dia- Diameter of cemen-| Number of!Fraction of
(Desig- ! ing cementite number of g;iizgt(i)tfe tite pirtncles cementite | cementite
- 3 - ! - 4 -
nation) time based on cementite . particles |- -2 “wa'_IONﬁ____ particles based on
. : i intersected Uniform O.n- . .
chemical particles gbyarandom Size uniform intersected, linear and.
composition,| per unit | cross particle | S12€ by the line,| planar
’ | section. particle .
Fe. area, Ng. | 5¢€ t Ni. analysis,
2r X10*
2 |
(h) (Per mm?) 1 (mm) (mm) (Per mm) Je-
01 531,578 ‘ 580 870 ! 911 38061 0*110
02 480, 249 - 681 10°20 10°68 402493 0287
04 427,000 [ 7°23 1080 11°31 382473 0292
10 378,975 7°32 1094 11747 34146 0°263
0°79%C 3°0 0104 240, 837 811 12714 | 12°72 24060 0°205
10°0 191, 600 8-88 13+20 13+82 ~ 20808 0205
30°0 125,119 1068 1590 1665 16366 0-183
100°0 74, 300 13423 19°80 i 2073 120°96 0-179
4000 . 33,800 ‘ 2028 30°40 i 3173 8174 0188
01 579,312 571 854 8°97 40784 0°243
02 543, 150 6°22 934 977 - 416°60 0270
04 484,568 6°41 9+64 10-07 383°29 0°259.
1+0 448,000 8°57 1284 13°46 354°37 0-388
1°12,C 30 0- 169 285,000 9+30 1394 14-61 326°90 0+320
10°0 | 187,000 12736 18*54 19.42 300-43 0°393
300 136, 600 13706 19°70 2051 220°06 0297
100°0 82, 500 1559 23°40 I 2449 13291 0+257
400°0 35,000 | 2460 39°00 !l 3864 ! 106°23 0-281 -
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