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Effect of Tempering on the Saturation Magnetization of

Martensitic Steels Containing Carbon

Setsuo TAKAKI, Takuro MASUMURA and Toshihiro TSUCHIYAMA
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[Abstract]

(2025 4 3 A 4 HH)

In steels with low Ms temperature, austenite cannot transform to martensite completely and untransformed
austenite retains within martensite matrix. Since the value of saturation magnetization (SM) is very sensitive
against the existence of non-magnetic phases, the measurement of SM was applied on the quantitative evaluation of
small amount of austenite that has retained within martensite matrix. The SM-method was also applied to 90%
cold rolled pure iron and it was confirmed that dislocation does not give any influence on the SM values. During
tempering of martensite containing carbon, complicated carbide reactions occur but no change was found on the SM
values of tempered martensite. As a result, in steels with bce structure, the SM value J* is not dependent of

microstructure but depends on only the amount of alloying element X (mass%) in steels, as expressed by the

following equation:

J[T]=2.153-0.118C—0.064Si — 0.030 (Mn + Cr) — 0.010Ni — 0.020Mo — 0.024Cu — 0.072A1
The volume fraction of retained austenite V(%) is obtained by the following equation as a function of the

measured SM value /.
V(%) =100% (1—dJlJ")

Key words : Martensitic Steel, Tempering, Saturation Magnetization, Chemical Composition,

Retained Austenite
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J[T]=AB/An (3)
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Fig.1 Layout of the equipment for saturation magnetization
measurement.

Magnetization, B / Wb

AB = (AB* + AB™)/2

Magnetic field, H / kAm!

Fig. 2 Schematic illustration of the B-H curve in ferro-magnetic
iron (bold lines). Broken line shows the change in the case
without specimen in the holder.
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Table 1 Chemical compositions and saturation magnetization < in steels (Pure iron: full ferrite, S25C—-SUS410: full martensite, S55C—SK95:

martensite containing small amount of retained austenite).

c Si Mn Cr Ni Al Mo Cu N JIT]
Pure iron 0.001 0.037 - 0.005 - - 0.002 2.153
S25C 0.271 0.198 0.472 0.129 0.011 0.029 0.001 0.001 0.004 2.072
S35C 0.363 0.185 0.746 0.106 0.016 0.025 0.003 0.011 0.003 2.061
S45C 0.448 0.208 0.717 0.177 0.013 0.026 0.001 0.009 - 2.057
SCM415 0.158 0.236 0.786 1.095 0.016 0.030 0.164 0.018 0.012 2.063
SCM420 0.223 0.305 0.811 1.194 0.026 0.033 0.168 0.013 0.012 2.046
SCM435 0.370 0.168 0.739 1.139 0.018 0.025 0.171 0.014 0.003 2.048
SCM440 0.425 0.301 0.794 1.041 0.014 0.026 0.175 0.016 0.003 2.025
SUS410 0.150 0.060 0.170 12.350 1.760
S55C 0.524 0.161 0.728 0.141 0.016 0.023 0.002 0.009 2.005
SK85 0.834 0.169 0.337 0.135 0.052 0.025 0.015 0.053 1.885
SK95 0.993 0.208 0.302 1.519 0.100 0.013 0.020 0.132 - 1.703
FRIZBT D n HEEEO 4 VER L EDT M RE S 22 _ .
DT, KR T, BRSO J 2,153 TV 124 5 & | oot forCOLE Limasse ey
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5N BB L Ofi % Table 112 % & TRY . HHHO 28 susiro
BEAMIZBIL T, S55C, SK85, SK95 22w TIdFkH 27t ® SK95
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MR 7 5TV 2 2 & XA X D FER L 72 y
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Fig. 3 Relation between calculated values J  and experimental
data J in steels shown in Table 1.
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90% cold rolled specimen (a)

X/Recrystallization
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0 200 400 600 800
Annealing temperature, 7'/ °C

Fig. 4 Changes of Vickers hardness (a) and saturation magnetization
(b) as a function of annealing temperature in 90% cold rolled
pure iron.
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Fig. 5 Changes of solute carbon content as a function of the
tempering temperature in martensitic steels. C, and C,
denote the amount of solute carbon and carbon content in
steels, respectively(m’ .
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Fig. 6 Effect of tempering treatment on the saturation magnetization
of steels with full martensitic structure.
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Fig. 7 Relation between carbon content and saturation magnetization
in steels with full martensitic structure (broken line) or two-
phase structure of tempered martensite and Fe,C (bold lines).
J, is the saturation magnetization of Fe,C.

2.1
= Calculated value
Ny
P R . e ® .
£ . e 6°° . ®
5 2.0
N
“5’0 Effect of retained austenite
<
=)
‘5 1.9 hd
g
g SK85
17}
18 ) ) ) ) ) )

0 100 200 300 400 500 600 700
Temperature in 1 h tempering, 7'/ °C

Fig. 8 Effect of tempering treatment on the saturation magnetization
of water-quenched SK85.
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Fig. 9 Effect of tempering at 250 °C on the saturation magnetization
of water-quenched SK85.
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Fig. 10 Relation between carbon content and the amount of
retained austenite in as-quenched steels.
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saturation magnetization with 300 C tempering in S45C.
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