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Effects of annealing temperatures on toughness of
high hard - high strong — high tough hypoeutectoid steel
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Synopsis: Hypoeutectoid Fe-0.7C-0.2Mn-2Cr-0.25V steel developed by the authors has high toughness of about 200 J/cm?

even at high hardness of 60HRC by using GBA or FM heat treatment. The magnitude of tempering brittleness of

this steel was disclosed by Charpy impact test with 10RC notch specimens and 2U notch ones tempered at 200°C

to 650°C. The slight degradation of impact values was observed in temperings between 350°C and 400°C. The

impact values of GBA specimen tempered at 350°C and FM one at 400°C are both 182 J/cm?. The impact values

were restored to 367 J/icm? and to 289 J/cm? at 650°C by tempering at higher temperatures above 400°C for GBA

and FM heat treatments respectively. On the otherhand, the impact values by 2U notch increase monotonously with

tempering temperature and there is no tempering brittleness.

Key words: Hypoeutectoid steel; high hardness; high strength; high toughness; Fe-0.7C-0.2Mn-2Cr-0.25V steel; tempering brittleness
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Table 1 Chemical composition of steel (N : ppm, other : mass%)

C Si Mn P

S Ni Cr Mo Cu Al A\ N

0.7C-0.2Mn -2.0Cr -0.25V | 0.69 0.26 0.20 0.009 0.004 0.06 199 0.04 0.11 0.014 025 64

1150°C Vacuum furnace
5hr
1030°C . Salt bath
. Forging

15min 85%
900°C

810°C ° X
810°C 700°C 60min

AC

Atmosphere furnace

240°C
0Q 130°C 180min
40min
AC AC

Fig.1 Heat treatments and working before GBA treatment or FM treatment; AC: air Cooling, GC: Gas cooling,

and FC: furnace cooling.
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Fig.2 a) GBA treatment and b) FM treatment and tempering
process. OQ : Oil Quenching. AC : Air Cooling.
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Fig.3 Test pieces of Charpy impact test, a)C-notch and b) U-notch.
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Fig.4 Load-displacement curves of 10RC notch specimens treated by a) GBA and b) FM, and of 2U notch specimens by

c) GBA and d) FM tempered at 250 to550C.
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Fig.5 Fractured surface of 10RC notch 0.7C-0.2Mn-2.0Cr-

0.25V steels specimen treated by 1) GBA and 2) FM
and annealed at various temperatures.
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Fig.6 a) Vickers hardness and b) Charpy impact value (J/cm?) of 10RC notch 0.7C-0.2Mn-2.0Cr- 0.25V
steels specimen treated by GBA and FM and annealed at various temperatures.
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Table 2 Solid solubility of carbon in Fe-0.2Mn-2.0Cr-0.25V
steel at various temperatures.

T(°C) 200 250 300 350 400 450
C(mass%) | 5.1x107 | 3.2x10° | 1.4x10™| 4.7x10° | 1.3x10™| 3.3x10”
T(°C) 500 550 600 810 900 o

C(mass%) | 7.2x107 | 1.4x10° | 2.7x10° | 5.6x10" | 6.6x10™" | **
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Fig.7 SEM images of rapture interface of 10RC notch test pieces after Charpy impact test of steels treated
by GBA or FM and then annealed at various temperatures.
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Fig.8 SEM images of rapture interface of 2U test pieces after Charpy impact test of steels treated by GBA

or FM and then annealed at various temperatures.
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Fig.9 Relation between Charpy impact values and hardness
of 0.7C-0.2Mn-2.0Cr-0.25V steels treated by GBA
and FM treatments and following annealing at various
temperatures.
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Fig.10 SEM images of steels treated by GBA or FM and then annealed at various temperatures.
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Fig.11 Calculated phase diagram of Fe-0.2Mn-2.0Cr-0.25V
steel.
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size of the steel treated by GBA or FM and then
annealed at various temperatures.
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Fig.13 Inverse pole figures of steels treated by GBA or FM and then annealed at various temperatures.
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and aspect ratio of carbides of 1) GBA or 2) FM treatments.
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