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THE EFFECT OF SUB-ZERO TREATMENT ON THE CASE HARDNESS
' AND THE STRENGTH OF SOME CARBURIZED STEELS

Synopsis:

M, Yamakt

The hardness distribution of carburized case, tensile strength and compressive strength were
measured, after sub-zero treatment was applied to some Ni-Cr, Ni-Cr-Mo and Cr-Mo carburized

steels. The results were as follows.

1)  The carburized case of Cr-Mo (containing high % of Mo) and Ni-Cr-Mo steels were not
so hard as we expected owing to the appearance of a large amount of retained austenite.
But sub-zero treatment improved such a poor condition of carburized case, that is, the hard-

ness became very high.

2) Generally speaking, the tensile strength of carburized specimens decreased after they
were sub-zero treated, because the internal stress increased. But these specimens recovered
their strength after tempering, because the internal stress was el1m1nated

3) In general, the compressive strength of carburized specimens increased after they were

sub-zero treated. This phenomenon can be explained by the same reason.
steels (contammg high 9, of Mo), it was reverse.

But in Cr-Mo
"This phenomenon can be explamed by

the brittle carburized case with complex carbides in Cr-Mo steels,
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Fig. 1. Hardness distribution in the carburized

case of Ni-Cr steel (sample SNC21)
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Fig. 2. Hardness distribution in the carburized
case of Cr-Mo steel(sample.SCM 21)
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Table 1. Chemical composition of samples .

Mark c . Si Ma | P ' s | o LN Mo
CM 3 0°08 . 0742 | 077 10°016 " 07026 | 091 | — 071
CM 4 0°06 | 03¢ | 077 0°013 ' 0°032 | 0°89 — 078
CM6 0'10 o2 ' o072 0°017 0°032  0°91 — 0°55
CM7 0°08 0726 . 07 0°0l11 ¢ 0°034 093 | — 0°65
SCMz21 015 028 | 0°83 0°011 | 0°010 ' 1°01 I — 0°21
SNC21 013 022 0°54 0014 | ©0%028 | 041 | 207 —
SNCM24 0°24 021 0°81 0-021 0014 | 169 | 304 028
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950°C o0il quenched

( part) (corner)

950°C oil quenched and Jmmedlately
sub-zero treated (—78°)

3
(flat part) (corner)
1000°C oil quenched)

(flat part)

(corner)

1000°C oil quenched and immediately

sub-zero treated (—78°C)

(ﬂat part) ' ‘ (corner)
1000°C oil quenched and 24h after
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Photo. 1. The structure of carburized case

for sample CM3 (i000x% 3h carburized)

x 100 (1/2)
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Table 4. The relation between sub-zeo

treatment and. tensile strength (sample SNC21)
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treatment and tensile strength (sample SNCM24)
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Table 6. The relation between sub-zero treat-
ment and tensile strength (sample SCM21)
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Photo 2. Complex carbides seen in the
carburized case of sample CM 7.
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