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Effect of Ti and Si on Precipitation Hardening of Martensitic

Stainless Steel

Synopsis :

Kazuo HOSHINO and Sadao HIrROTSU

The effects of Ti and Si on the age—hardening response and ductility after aging were studied for low C,
N-14Cr—7Ni martensitic stainless steel, and the main results obtained are as follows:

(1) The age-hardening response of steels containing Ti singly is dependent on the logarithm of effective
Ti contents ([Ti]) and the effect of [Ti] is almost the same as that in Fe—18Ni alloy.

(2) While the age-hardening response of steels containing Si alone is small, that of steels containing
Ti in the presence of more than 2 at% Siis very large. In this case, the effects of [Ti] and Si on the equal
age-hardening response are dependent on the value of In[Ti]*Si?. This can be explained by the solubility

of G phase (NiTigSi;) in matrix.

(3) In the steels containing both Ti and Si, the age-hardening rate is controlled by the super satura-

tion of G phase.

(4) A higher ductility of steels can be attained at higher strength level by combined additions of Ti
and Si than by single addition of Ti. This is explained by the fact that in the latter steels 6 phases (NiyTi)
precipitate easily along grain boundarries and intergranular fractures occur at lower stress level.
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Table 1. Chemical composition of specimen (wt%;).

% c si Ni cr N TN, (j'%) (':.";’ )*
S 1 0002 003 671 1440 0005  tr 006 —

S 2 0003 031 678 1449 0015 tr  0.61 —

S 3 0002 279 68 1335 0005 tr 536 —

T 1 0005 0035 693 1511 0013 039 007 038
T 2 0004 008 675 1415 0011 0.61 0.16 065
T 3 002 006 675 1422 0009 139 012 146
ST 1 0004 034 68 1510 0016 0.28 0.67 0. 24
ST 2 0014 036 665 1452 0011 048 0.71 045
ST 3 0005 034 757 14.89 0013 0.57 0.67 0.58
ST 4 0009 0233 697 1449 0008 0.69 065 072
ST 5 0005 037 750 14.82 0011 0.74 0.74 0.79
ST 6 0009 034 695 1424 0010 0.9 067 106
ST 7 0005 0.3 718 1421 0006 128 071 143
ST 8 0005 09 678 14.88 0015 032 187 029
ST 9 0004 109 68 1498 0014 055 212 056
ST10 0003 092 693 1465 0008 074 180 075
ST11 0003 15  7.49 1503 0.040 018 293 004
ST12 0004 1.54 672 1472 0014 0.33 299 026
ST13 0005 164 675 1484 0012 046 318 0 46
ST14 0008 148 693 1463 0008 0.78 2.8 0 82
ST15 0005 198  7.23 1457 0013 0.30 3.8 027
ST16 '0.005 251 667 1334 0011 018 48 014
ST17 0.007 255 68 1399 0012 028 491 024
ST18 0005 251 724 1434 0014 029 48  0.25

ST 19 0.006 2 54 6.83 14.08 0.014 0. 57 4.89 0. 56
ST 20 0.009 287 6.67 13.98 0.012 0. 20 5. 65 0. 14
ST 21 0.006 2 96 8.03 14.47 0.017 0.32 5. 67 0.27
ST 22 0.006 3.07 6.77 13.70 0.013 0.37 5.88 0.34
ST 23 0.008 2.95 6.87 13.80 0.014 0. 42 5. 65 0.38

* [Ti] means the effective Ti contents that are gotten by
substracting the Ti contents as TiC and TiN from the
total Ti contents.
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Fig. 1. Dimesion of tensile test specimen.
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Fig. 2. Age-hardening response curve of S1 and
S3 aged at 480°C.
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Fig. 3. Age-hardening response curve of TI,
T2 and T3 aged at 480°C and 525°C.
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Fig. 4. Age-hardening response curve of ST2,
ST13 and ST25 aged at 480°C and 525°C.
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Fig. 6. Effect of Si contents on age-hardening
response aged at 480°C for 60 min.
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Fig. 7. Effect of [Ti] and Si contents on age-
hardening response aged at 480°C for 60 min.
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Fig. 9. Time-dependence of f(£), which is the
ratio of age-hardening response at a certain time
to maximum of age-hardening response.
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