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Relation between Precipitation Behavior of Mo, V and Nb and
Yield Strength in Normalized and Tempered Steel

Syuzo UEDA, Masaaki IsHIKAWA,
Akio KAMADA, and Nobuo OHASHI

Synopsis:

The changes in the precipitation behavior of alloying elements and the yield strength due to normalizing
and subsequent tempering of 0.15%, C-1.4% Mn steels containing small amounts of Mo, V, Nb and Ni
have been studied. The results are as follows: (1) The addition of any two or all of Mo, V and Nb to
steel exhibits a synergistic effect on the increase in yield strength of normalized—tempered steel at room
and moderate temperatures. (2) The amounts of Mo, V and Nb as precipitates increase by the coexistence
of these elements in steel, compared to the simple sum of the amounts of precipitates in steels having any
one element. (3) Fine precipitates of Mo,C and more frequently those of NbC and V,C; were detected
through electron microscopic analyses. Peculiarly shaped precipitate likely composed of two kinds of
precipitates was also observed in steels containing Mo, V and Nb. (4) The increase in the cooling rate
from normalizing temperature and the addition of Ni contribute to the increase in the amounts of Mo and
V precipitated by tempering. This effect is attributed to the increase in the percentage of bainite structure
after normalizing which has many dislocations and can prepare precipitation sites during tempering.
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Table 1. Chemical compositions of laboratory heats (wt%,).

Steel (@] Si Mn P S Al Mo \Y% Nb Ni N
a 0.15 0.39 1.39 0.030 | 0.013 | 0.015 — — — — 0.0047
b 0.14 0.43 1.39 0.017 | 0.009 | 0.018 | 0.31 — — — 0.0042
c 0.15 0.39 1.39 0.015 0.014 | 0.020 — 0.051 — — 0.0037
d 0.14 0.40 1.39 0.016 | 0.014 | 0.020 — — 0.049 — 0.0038
e 0.15 0.40 1.39 0.016 | 0.013 | 0.018 | 0.27 0.053 — — 0.0039
f 0.14 0.43 1.39 0.017 0.009 | 0.017 | 0.31 0.095 — — 0.0044
g 0.14 0.43 1.35 0.016 | 0.008 | 0.015 0.31 0.13 — — 0.0047
h ~0.14 0.44 1.34 0.019 | 0.008 | 0.012| 0.31 — 0.056 0.0036
i 0.16 0.40 1.39 0.015 0.013 | 0.020 — 0.052 | 0.052 — 0.0043
j 0.15 0.42 1.39 0.016 | 0.007 | 0.018| 0.31 0.049 | 0.054 0.0044
k 0.15 0.40 1.56 0.016 | 0.008 | 0.014| 0.32 0.046 — 0.52 0.0068
1 0.15 0.40 1.55 0.016 | 0.007 | 0.013 | 0.32 0.046 — 0.83 0.0066
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Electron micrograph of fine precipitates
extracted by electrolytic method (steel j ).
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Table 2. Tensile properties of normalized-tempered steels.
Room temperature 350°C
Steel Y.S- T.5. £l R.A. Y'S. T.S. | EL R.A.
kg/mm? | kg/mm? | % % | kg/mm: | kg/mm? | 9 %
a 32.5 50.2 32 66 19.6 47.8 30 65
b 36.3 51.1 28 69 23.5 50.1 26 71
c 32.6 49.7 29 67 20.8 46.1 27 67
d 35.6 50.9 28 68 20.5 47.8 36 79
€ 37.6 53.5 28 64 26.1 50.6 25 65
f 44.0 57.9 24 64 30.9 55.0 24 65
g 46.7 60.1 21 66 33.4 56.4 25 69
h 40.3 53.6 29 69 26.1 51.6 28 70
i 37.2 53.1 28 64 22.4 49.7 26 66
j 44.6 57.9 26 67 28.8 55.6 27 66
k 48.9 62.4 25 68 37.4 59.4 25 67
I 52.2 66.3 24 67 41.8 62.6 26 67
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Fig. 1. Stress-strain curves in early stage of de-

formation of steel a (Si-Mn steel) and
steel b (0.39% Mo steel).
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Fig. 2. Effects of Mo, V and Nb on yield strength
at 350°C in normalized-tempered steel.
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Fig. 3. Amounts of Mo-, V-, and Nb-precipitates
in various normalized-tempered steels.
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Fig. 4. Variations in yield strength and amounts

of Mo~ and V-precipitates accompaning
the increase in V content in 0.39,Mo-
V steel.
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Identification of Mo,C
(hk1) | dops(A) | d(R) | 1714
(100) | 2.609 | 2.60] 29
(010) | 2604 | 2.60| 29
(110) | 1.507 [1.50] 35

Photo. 2. Electron micrographs showing size and distribution of various precipitates in steel j.
(b) shows a diffraction pattern of a framed area in (a). The fine particle is identified

as Mo,C. Precipitates similar in shape to the particle indicated by A are frequently
observed. (Replica)

Photo. 3. Transmission electron micrograph showing size

_ 83 —

and distribution of various precipitates.
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%7z, Fig. 3K 4 tmREd Mo & VOMEEMNMH

Photo. 4. Electron micrographs (replica) of steel f
(0.3195Mo0-0.0959,V steel) (a) quenched-
tempered steel, (b) normalized-temper-
ed steel.
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