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The BEffects of Mn and Mn-Ni on the

Tempering Process of Steels (,ontamm Cr,
I
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Mamoru Ota

Abstruct

When the Cr steel containing nearly 4 percent Cr (0.3 percent C) has been tempered
at 100°~650°C, its tempering hardness curve shows so called “Temper-hardening Type”.
But Mn-Cr steels showed the same type curves by the more less Cr contents, and when
Ni was added to the low Mn-Cr steels which had not shown this temper hardening type,
they were showed also the same hardening type curves.

By means of the electronmicroscopic inspection, we have been able to interpret about
these matters to some extents. That is, it is considered by the precipitation of carbides,
and we shall be able to say that Mn and Mn-Ni promote the precipitation of Cr carbides.

Also we experimented about this problem by means of Charpy impact tests, and its
vesults showed that the more tendency of temper hardening type the, less Charpy impact
value, and we have found mutual relations among the temper hardneess, electron-micros-
tructure and Charpy impact value.

These results showed Fig. 1~Fig. 18 and phot. 1~phot. 8.
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Table 1. Chemical composition of specimens for tempering hardeness tests.

Steel Specimen c Mn Ni Cr Si
No. 5 0.26 0.19 \ tr ( 1.22 —

No. 6 0.28 0.21 ? 211 | —

Cr Steel No. 7 0.28 0.24 ” 2.87 —
| No. 8 0.26 0.21 7 4.10 —

; No. 9 | 02 019 » I 492 —

No. 30 0729 1.20 ? 1.08 0.18

No. 31 0.29 1.64 v 0.98 ——

No. 34 | 0.28 1.39 ’ 1.95 —

MGy Steel | No- 35 | 029 171 T e -
No. 36 0.30 220 | ” | 1.89 —

No. 37 0.30 0.74 SO B YY) —

No. 38 0.29 128 | ? 2.85 —

No. 40 0.28 2.12 ” 2.94 —

No. 41 0.33 1.73 145 | 0.98 0.20

Ni-Mn-Cr Steel No. 42 0.29 © o 1.66 2.79 0.90 -—
No. 43 028 1.48 4.67 0.90 .

| No. 45 0.27 1.32 2.97 1.87 —
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Fig. 1 Effect of Mn on 1% Cr steel. Fig. 2 Effect of Mnon 2% Cr steel.
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Fig. 3 Effect of Mn on 3% Cr steel.
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Fig. 4 Effect of Cr on 0.3% C steel.
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Table 2. Chemical compoéition of specimens for Charpy impact tests.

Steel Specimen |\ | Ma | N | G S P S
i

No.S 6 | 029 | 060 — s | o2 0.010 0.017

No.S 7 0.29 1.18 — 107 0.26 0.010 0.010

No.S 8§ 0.31 1.20 — 1.01 0.13 0.011 0.008

No.S 9 0.97 1.63 — 1 1.08 0.27 0.011 0.011

No.S 15 | 031 | 048 — 212 | 022 0.010 0.015

Mn-Cr Steel Ne.S 16 | 028 | 1.00 — 218 030 0.010 0.013
No. S 17 0.31 1.10 —_ 1.83 0.10 0.013 0.011

| No.S1s | o032 176 — 236 | 034 0.019 0.012

No. S 19 0.29 0.44 — 1 394 0.24 0.013 0.015

No. S 20 | 0.3 1.18 —_ 3.28 0.38 p o 0.014

No. S 21 0.32 174 — 3a1 0.36 0.020 0.015

No. S 22 0.98 2.12 - 338 0.39 0.023 0.021

No.S 381 | 029 113 — | o7 | 0% 0.010 0.010

No.S32 | 028 | 128 LIS | L10 | 0.27 | 0009 | 0.0II
No.8 33 | 026 | 118 | 216 | 107 | 026 | 0012 | 0.010
No.S34 | 028 116 | 3.04 | 109 0 028 | 0011 | 0.010

Ni-Mn-Cr Steel.
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Phot. 1. C 0.2625, Cr 1.22%, Specimen Phot. 2. C 0.29%, Mn 1.64%, Cr 0.98%.
No. 5. X12500 ° Specimen No. 31. % 12500

Phot. 3. C 0292, Ni 2792, Mn 1.66 %, Phot. 4. C 0.28322, Cr 2.11 %4, Specimen
Cr 0.9025, Specimen No. 42 X 12500 No. 6. % 12500
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