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Effects of Quenching Temperatures and Chemical Compositions on Saturation Magnetization of
Fe-Cr-Mn-C and Fe—Cr—Ni-Mn-C Alloys

Shin-ichiro YOKOYAMA, Kunichika KUBOTA, Hakaru SAasaki and Yoritoshi MINAMINO

Synopsis : Quenching temperature dependences of saturation magnetization, J(T), were investigated in five Fe-Xmass%Cr-2.0mass%Mn—Ymass%C

(X=1.97-9.92, ¥=0.89-0.61) alloys and four Fe-6.0mass%Cr-Zmass%Ni-2.0mass%Mn-0.75mass%C (Z=1.04-3.02) alloys in order to
elucidate the correlation between magnetic properties and microstructures as well as to develop an alloy exhibiting both ferromagnetism after
heat treatment at lower temperatures and feeble magnetism after quenching from higher temperatures. The starting materials, consisting of
ferromagnetic a (or a') and carbide phases, were prepared by heating at 1053K and the following slow cooling. They all exhibited high J
values of 1.57-1.75 T. The J values of the alloys decreased by quenching from higher temperatures between 1073 and 1423K, and decreased
with increasing quenching temperature. Especially, the J values began to decrease at lower quenching temperature in Fe-Cr-Mn—C alloys
with lower chromium and higher carbon content, and in Fe-Cr—Ni-Mn-C alloys with higher nickel content. These behaviors were closely re-
lated to the quenching temperature dependences of the paramagnetic retained austenite content, y,(%). That is to say, the 7, began to in-
crease at lower quenching temperature in these alloys. In the lower chromium and higher carbon content alloys, the carbide particles dis-
solved at relatively low temperatures. Therefore, the decrease in martensite start temperature, M, started from the lower quenching tempera-
ture. On the other hand, in the higher nickel content alloys, the dissolution degree of the carbide particles was almost independent of the nick-

el content. However, the M, decreased because of the high nickel concentration in ¥ phase.

Key words : Fe-Cr-Mn—C alloy; Fe-Cr-Ni-Mn—C alloy; quenching; saturation magnetization; retained austenite; carbide; dissolution; M, temperature.
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Fig. 1. Schematic diagrams of the heat patterns in this
study: (a) a heat treatment for producing the start-
ing materials, (b) quenching treatments from high-
er temperatures.

Table 1. Chemical compositions of the materials (mass%).

No. C Si Mn P S Ni Cr Fe Note

#1 0.89 0.31 1.93 0.007 0.002 - 1.97 Bal.

#2 0.83 0.31 2.01 0.006 0.002 4.04 Bal.

#3 0.76 0.30 1.95 0.004 0.002 5.87 Bal. |Effect of (Cr, C) content
#4 0.69 0.30 1.94 0.004 0.002 8.01 Bal.

#5 0.61 0.27 1.96 0.006 0.002 - 9.92 Bal.

#6 0.75 0.32 1.98 0.006 0.002 1.04 5.81 Bal.

#7 0.75 0.29 2.02 0.009 0.002 1.51 5.97 Bal. Effect of Ni content
#8 0.76 0.32 1.98 0.005 0.003 2.02 5.87 Bal.

#9 0.75 0.32 2.00 0.004 0.003 3.02 5.88 Bal.
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Fig. 2. Saturation magnetization of the starting Fe-
Xmass%Cr-2.0mass%Mn—Ymass%C and Fe-
6.0mass%Cr—-Zmass%Ni-2.0mass%Mn-
0.75mass%C alloys: (#1) X=1.97, Y=0.89; (#3)
X=5.87, Y=0.76; (#5) X=9.92, Y=0.61; (#7)
Z=1.51; (#9) Z=3.02.
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Fig. 3. Microstructures of the starting Fe—Xmass%Cr—
2.0mass%Mn~-Ymass%C and Fe—6.0mass%Cr—
Zmass%Ni-2.0mass%Mn—0.75mass%C alloys: (a)

Intensity /arb. unit

X=197, Y=0.89; (b) X=5.87, Y=0.76;
X=9.92, Y=0.61; (d) Z=1.51; (e) Z=3.02.
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Fig. 4. X-ray diffraction patterns of the starting Fe—

Xmass%Cr—2.0mass%Mn—-Ymass%C and Fe—
6.0mass%Cr—-Zmass%Ni—2.0mass%Mn—
0.75mass%C alloys: (a) X=1.97, Y=0.89; (b)
X=587, Y=0.76; (c) X=9.92, Y=0.61; (d)
Z=1.51; (e) Z=3.02.
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Fig. 5. Transformation temperatures of Fe—Xmass%Cr—

2.0mass%Mn—Ymass%C and Fe—6.0mass%Cr—
Zmass%Ni—2.0mass%Mn-0.7 Smass%C alloys:
(#1) X=1.97, Y=0.89; (#3) X=5.87, Y=0.76; (#5)
X=9.92, Y=0.61; (#7) Z=1.51; (#9) Z=3.02.
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magnetization in Fe—Xmass%Cr-2.0mass%Mn—
Ymass%C  and  Fe—6.0mass%Cr—Zmass%Ni—
2.0mass%Mn—0.75mass%C alloys.
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Fig. 7. Quenching temperature dependences of retained

austenite content in Fe—Xmass%Cr—2.0mass%Mn—
Ymass%C and Fe—6.0mass%Cr—Zmass%Ni—
2.0mass%Mn-0.75mass%C alloys.
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Fig. 8. SEM Micrographs of Fe-Xmass%Cr—2.0mass%Mn-—Ymass%C alloys quenched from 7 (K): (a)(c) X=1.97, Y=0.89;
(d)—(H) X=5.87, Y=0.76; (g)—(i) X=9.92, Y=0.61: (a), (d), (), T=1273; (b), (¢), (h) T=1323; (c), (), (i) T=1373.
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Fig. 9. SEM Micrographs of Fe—6.0mass%Cr—Zmass%Ni—2.0mass%Mn-0.75mass%C alloys quenched from T'(K): (a)-(c) Z=0;
(d)~(f) Z=1.51; (g)-(i) 2=3.02: (a), (d), (g) T=1273; (b), (e), (h) T=1323; (¢), (), (1) T=1373.
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Fig. 10. M, temperatures of Fe~Xmass%Cr—2.0mass%

Mn-Ymass%C and Fe—6.0mass%Cr—Zmass%
Ni-2.0mass%Mn—0.75mass%C alloys quenched
from 1373K: (#1) X=1.97, Y=0.89; (#3) X=5.87,
Y=0.76; (#5) X=9.92, Y=0.61; (#7) Z=1.51; (#9)
7=3.02.
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