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Effect of Vanadium on the Strength and Hardness of
Fe-Mn-Ni Age-harden Steel

Synopsis:

Joo ISHIHARA and Masaichi NAGAI

Fe-Mn-~Ni steel is known for its small dimensional change during aging. For this reason it can pos-
sibly be used as a material for precision machine parts which are aged and nitrided after machining and
susequently used without finish griding. The conventional Fe-Mn-Ni steel is however, too brittle to be
used for machine parts. The purpose of the present study is to improve the toughness of steel and hardness
of nitriding layer by adding vanadium.

Effect of vanadium on the strength and harduness of these steels were examined. Alloys of various com-
positions were melted in an arc furnace in argon atmosphere, forged and machined to test piece shape.
The specimens were water quenched from 1 000°C and aged at various conditions. Hardness and tensile

strength were measured before and after aging.
The results are summarized as follows:

1) In the series of Fe-3%Mn-x%Ni-y%V, the highest tensile strength and hardness of 165 kgf/mm
and 580 HV, respectively, were obtained at 15%Ni and 109%V.

2) The concentration ranges of nickel and manganese being able to give age-hardening were not ap-
preciably different between Fe-Mn-Ni steels and Fe-V-Mn-Ni ores.
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Table 1. Chemical composition of specimens.

Element (%)

No.
C Si Mn Ni v Fe
1 0. 002 0. 08 0.003 12.02 4. 98 Bal
2 <0.004 <0.10 0.99 4.02 4. 95 ”
3 ” " 2.03 2.06 5.06 ”
4 " ” 1.99 4.01 4. 95 ”
5 " ” 2.97 2.04 4.9 ”
6 " " 2.48 4.01 4. 95 ”
7 ” ” 3.31 11.13 5.52 ”
8 " " 3.17 12.74 5.23 ”
9 ” " 2.98 14. 96 4. 97 ”
10 " " 3.97 4. 02 4. 96 ”
11 " " 5.03 5.03 5.02 ”
12 " ” 5.01 10. 02 5.01 ”
13 ” ” 5.00 15.01 5.00 "
14 " ” 4. 97 19. 98 4. 96 "
15 " ” 5. 93 11. 91 4. 94 "
16 ” ” 10. 05 5.03 5.02 ”
17 ” ” 10. 01 10. 02 5.01 "
18 ” ” 10. 00 15.01 5.00 "
19 " ” 9. 99 20.03 5.04 ”
20 " " 15. 06 5.03 5.02 ”
21 ” " 15. 03 10. 02 5.01 "
22 " " 15. 01 15. 00 5.02 ”
23 " ” 15. 04 19. 99 4. 98 "
24 " " 20. 06 5.03 5.05 ”
25 " " 20.04 10. 10 5.00 "
26 ” ” 20.01 15. 02 5.05 ”
27 ” ” 19. 96 19. 99 5.01 ”
28 0. 006 0.19 3.30 11. 11 11.03 ”
29 <0.008 <0.20 2.98 14. 94 9.72 7”
30 ” " 4.95 4.99 9.91 ”
31 " " 4.95 9.91 9.98 ”
32 " ” 4.9 11. 94 9.93 ”
33 ” " 4.94 16.01 9.97 ”
34 " " 5.02 19.93 9. 97 ”
35 ” ” 7.93 11. 90 9.88 ”
36 " ” 9.86 4. 91 9.91 ”
37 " ” 9. 89 10. 06 10. 03 ”
38 " ” 9,92 14. 89 9. 96 ”
39 ” ” 9. 86 19. 98 9. 89 ”
40 " ” 14.74 4. 96 10. 07 ”
41 ”" ” 14. 86 10. 02 10.12 ”
42 ” ” 15.01 14. 93 10. 07 ”
43 ” ” 14. 95 20. 11 9.94 ”
44 <0.012 <0.3 4.95 5.09 15.03 ”
45 ” ” 4.95 10. 10 15.01 ”
46 " ” 4.98 15. 08 14. 96 ”
47 " " 4. 96 19.91 14. 99 "
48 ” ” 10. 02 4. 94 15. 02 ”
49 " " 10. 05 10. 06 15.04 ”
50 " ” 9.99 14.91 15.04 ”
51 ” " 10. 06 19. 97 14. 92 ”
52 ” ” 15. 01 4.98 15.03 ”
53 ” " 15. 03 10. 02 15.01 "
54 ” " 15. 01 15. 04 14. 96 "
55 " " 15. 06 20.02 14. 98 "
56 <0.016 <0.4 5.03 5.01 20. 07 ”
57 " ” 5.03 10. 06 20. 03 ”
58 " ” 5.09 14. 98 20. 01 ”
59 " ” 5.05 20.03 19.78 ”
60 ” ” 9. 96 5.04 19. 67 ”
61 ” " 9. 95 10.01 19.71 ”
62 ” " 9. 97 15.03 19. 96 ”
63 " " 9. 96 19. 91 19. 93 ”
64 " " 15. 06 5.05 19.76 ”
65 ” " 14. 91 10. 07 19. 66 ”
66 ” " 14. 87 15.01 19. 84 ”
67 <0.001 <0.03 5. 96 11. 96 0. 96 "
68 <0.003 <0.08 5.95 11. 95 2.98 ”
69 <0.005 <0.25 5.94 11. 93 6.94 ”
70 < 0.001 <0.01 5. 96 11. 90 — ”
. . o .
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Table 2. Chemical composition of specimens. No.24a  Noz2s  NQ26 B.27
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105 " 0.14 3.17 12.74 5.28 ” =~ A+M NO.I7 \“°"°[7) NO.19
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108 ” 0.26 2.98 14. 95 9. 93 ” y N ~ NO.14
sl ® NO.IZ@\ [M] Q \\\\o
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10 15 20
Ni (%)
Fig. 2. Structure diagram of quenched
38 Fe-5 % V-Mn-Ni alloys.
Fig. 1. Dimension of tensile test pieces. (Quenched from 1000°C)
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(a) Fe-2% Mn-4%Ni-5%V (b) Fe-5%Mn-5%Ni-5%V
(c) Fe-3.2%Mn-12.7%Ni-5%V (d) Fe-10%Mn-15%Ni-5%V

11
Photo. 1. Micro-structures of Fe-3V-Mn-Ni alloys, water-quenched from 1000°C. <x400><ﬁ;>
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Fig. 3. Hardening response of Fe-5%, V-Mn-Ni
alloys aged at 450°C.,

(4HV = [maximum hardness after aging] — [quench-
ed hardness])
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Fig. 4. Hardening response of Fe-10% V-Mn-Ni
alloys aged at 450°C.

(4HV = [maximum hardness after aging] — [quench-
ed hardness])
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Fig. 6. Change of tensile strength during aging
of Fe-3V-3MnNi alloys. Quenched from 1000°C
subzero treated at—196°C and aged at 450°C for
various periods of time.

(c) Fe-20%V-5%Mn-~15%Ni

Photo. 2. Micro-structures of Fe-5Mn-15Ni-V alloys, water-quenched from 1 000°C. (x IOOXE—;)
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Photo. 3. Micro-structures of Fe-3V-3Mn-Ni alloys, water-quenched from 1000°C. <>< 1 000><§-;>
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Photo. 4. Micro-structures of Fe-5V-3Mn-Ni alloys, water-quenched from 1 000°C. (X 1 000x2—>
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Fig. 9. Change of tensile strength, during aging
of Fe-V-39; Mn-159, Ni alloys. Quenched from
1000°C. aged at 450°C, subzero treated at— 196°C
and aged at 450°C for varlous periods of time.
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