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The Effects of Alloying Elements on Uniform Elongation of 1420 MPa Grade Tempered Martensite

Tomoyuki Y OKOTA, Tetsuo SHIRAGA, Eiji YAMASHITA and Shigeru MIZOGUCHI

Synopsis : The effects of alloying clements addition on uniform elongation of tempered martensite has been investigated. Tempered martensite is con-

sidered as dual phase structure composed of ferrite matrix and harder second phase: cementite. Cementite volume fraction and morphology

were observed by scanning and transmission electron microscopy. Microstrain of ferrite matrix were evaluated by means of X-ray diffraction

analysis. It was observed that Carbon addition cffectively increased uniform clongation. It was explained that high cementite volume fraction

contributed to high uniform elongation. It was also obscrved that Silicon addition increased uniform elongation remarkably. It was consid-

ered that Silicon addition led to refinement of cementite and extremely low microstrain of matrix and both of them contributed to high uni-

form elongation.

Key words: high strength steel; tempered martensite; ductility; uniform elongation: yield strength; Silicon; Carbon; cementite; microstrain.
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Table 1. Chemical compositions of steels used (mass%).

P S JSol.LAIlT Cr | Mo Ni
0.009 10.007 [0.024 1 0.02| <0.01 [0.02
0.009 ]0.008
. 009 [0.007
0.008 ]0C.007
.010 10.007
0.009 10.007
0.009 10.007

0.024
0.029
0.023
0.02
0.024
0.02

Table 2. Conditions of heat treatment.
Chemical |[Reheating |Tempering
composition|temp. (C) [temp. (C)
Steel A] 0.6C-3Si 970 530
Steel B| 0.6C-3Cr 840 510
Steel C| 0.6C-1Mo 850 580
Steel D| 0.6C-3Ni 800 390
Steel E| 0.3C-3Si 1020 430
Steel F| 0.3C-3Cr 890 430
Steel G| 0.3C-3Ni 850 340
20min  Qil
Quenching
Ac3
Act
30min Water
Cooling
Quench Temper
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Table 3. Mechanical properties of steels.

Chemical [0.2% Proof[ Tensile Yield [Elongation] Uniform
composition| strength | strength ratio elongation
(MPa) (MPa) (%) (%) (%)
teel A| 0.6C-351 1282 1467 87.5 14.0 5.7
teel B| 0.6C-3Cr 67 1478 92.0 13.3 4.7
teel C| 0.6C-1Mo 51 1456 93.0 121 4.4
teel D] 0.6C-3Ni 14 1497 92.0 13.4 3.1
teel E[ 0.3C-357 1404 1537 91.5 13.6 2.3
Steel F[ 0.3C-3Cr 1369 1558 88.0 14.6 2.8
Steel G| 0.3C-3Ni 1317 1450 91.0 15.2 2.4
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Fig. 1. Effect of tempering temperature on uniform elon-

gation.
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Fig. 2. Relation between 0.2% P.S. and uniform elongation.
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Fig. 3. Optical micrographs of (a) Steel A, (b) Steel B,
(c) Steel C, (d) Steel D, (e) Steel E, (f) Steel F and
(g) Steel G.

Fig. 4. SEM micrographs of (a) Steel A, (b) Steel B,
(c) Steel C, (d) Steel D, (e) Steel E, (f) Steel F and
(g) Steel G.

Table 4. Cementite morphology and fraction.

Cementite morphology [Calculated
Chemical Average Average | cementite || Uniform
compositions size aspect fraction |elongation
(x107% wm®) ratio (val %) (%)
Steel A 0.6C-3Si 4.30 T.96 9.7 1
Steel B| 0.6C-3Cr 5.09 2.35 9.2 4.2
Steel C| 0.6C-THMo 5.86 2.40 9.2 4.4
Steel D] 0.6C-3Ni 6.73 2.62 9.2 3.1
Steel E] 0.3C-3Si 2.1 2.03 4.6 2.3
Steel F] 0.3C-3Cr 3.59 2.60 4.6 2.8
Steel G| 0.3C-3Ni_ 6.99 2.98 4.6 2.4
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Fig. 5. TEM micrographs of (a) Steel A, (b) Steel B,
(¢) Steel C and (d) Steel D.
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Fig. 6. TEM micrographs of Steel A.
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Fig. 7. Effect of tempering temperature on microstrain.
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