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Abstract The microstructures of variously heat treated hypoeutectoid(0.45% carbon) and eutectoid(0.85%
carbon) steel were characterized by magnetic coercivity measurement. The effect of spheroidization of
cementites on the coercivity was investigated for 0.45% carbon steel. In case of 0.85% carbon steel,
microstructural parameters such as prior austenite grain size, phase and pearlite interlamellar spacing were
measured along with coercivity to investigate the relationships between them. Prior austenite grain size had
little effect on the measured coercivity. Coercivity was observed to be high in order of martensite, pearlite and
ferrite phases. The linear decrease of coercivity with increasing pearlite interlamellar spacing was found. The
effect of each microstructural factor on the coercivity and the potential of coercivity as a nondestructive
evaluation parameter for assessing microstructures of steel products are discussed.
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Table 1. Chemical compositions of the hypoeutectoid and eutectoid steel used in this investigation.

element

. Fe (wt%) C Si Mn P S
material
hypoeutectoid steel bal. 0.457 0.20 0.70 0.03 0.035
eutectoid steel bal. 0.855 0.21 0.51 0.01 0.006
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Fig. 1. Change of cementite morphology with spheroidization annealing time in 0.45% carbon steel.
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Fig. 2. Change of magnetic coercivity with spheroidization
annealing time in 0.45% carbon steel.
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Table 2. Results of quantitative analyses for microstructural parameters and magnetic coercivity of spheroidization heat treated
0.45% carbon steel.

property magnetic property microstructure
cementite particle

heat coercivity . ) )

treatment (Oe) spheroidization*® mean equivalent number/u_rznt mean aspect

time (hr) (%) size** ({m) area(im™) ratio
0 20.83
2 18.48 83.0 0.30 0.74 2.55
3 18.72 87.8 0.32 0.66 2.46
5 18.92 87.0 0.32 0.61 232
15 18.43 94.0 0.38 0.35 2.09
20 18.42 95.0 0.38 0.35 2.20
25 18.24 974 041 0.33 2.10
30 18.51 97.7 0.42 0.32 1.90
40 17.86 99.0 0.48 0.22 1.92
50 17.89 99.0 0.46 0.21 1.96
60 17.87 99.0 0.47 0.19 1.94
70 17.69 97.3 0.49 0.18 2.01
100 18.23 99.0 0.58 0.11 1.94

P: pearlite, F: ferrite
spheroidization®: area fraction of carbides under aspect ratio of 5:17
mean equivalent size**: (2a+b)/6, (a: length of long axis, b: length of short axis)®

(d) C-air-sph

Fig. 3. Typical micrographs of differently heat treated 0.85% carbon steel.
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Table 3. Conditions of various heat treatment processes, resulting microstructures and measured magnetic coercivity of 0.85%

carbon steel.

heat treatment condition microstructure I;::)gplcr?;
sample i
groﬁp AT h‘;li‘;‘g cooilgg%h::r(:x(;? or h‘t’ilr‘::;‘g spheroidization oags  PIS(m)/  coercivity
“C) . transformation . heat treatment P o0 FGS(um) (Oe)
(min.) temperature (°C) (min.)

A-WQ 850 240 water quenching M 76 33.87
B-WQ 950 15 water quenching M 179 34.55
C-WQ 1050 15 water quenching M 204 34.20
D-WQ 1150 15 water quenching M 242 3422
A-air 850 240 air cooling P 76 0.102 23.65
A-fur 850 240 furnace cooling P 76 0.160 21.50
B 950 15 690 10 P 179 0.117 23.01
C-air 1050 15 air cooling P 204 0.132 2242
C-fur 1050 15 furnace cooling P 204 0.213 2043
C-1 1050 15 600 10 P 204 0.145 22.32
C-2 1050 15 650 10 P 204 0.162 21.41
C-3 1050 15 700 10 P 204 0.191 21.22
D 1150 15 610 10 P 242 0.140 22.27
A-air-sph 850 240 air cooling 700°C/150hr F 76 45 19.50
A-fur-sph 850 240 furnace cooling 700°C/150hr F 76 56 17.94
B-sph 950 15 690 10 700°C/150hr F 179 61 18.87
C-air-sph 1050 5 air cooling 700°C/150hr F 204 47 18.43
C-fur-sph 1050 15 furnace cooling 700°C/150hr F 204 60 18.25
C-1-sph 1050 15 600 10 700°C/150hr F 204 61 17.97
C-2-sph 1050 15 650 10 700°C/150hr F 204 55 18.68
C-3-sph 1050 15 700 10 700°C/150hr F 204 50 18.75
D-sph 1100 15 610 10 700°C/150hr F 242 61 18.36
AT: austenitizing temperature, PAGS: prior austenite grain size, FGS: ferrite grain size,
PIS: pearlite interlamellar spacing, M: martensite, P: pearlite, F: ferrite
g Fejol= 24g 22 e Wejol= et 47 ] —
AL FLHEHEET EEFE(C, C2, C3) B 4 *1 C_] pearite
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Fig. 4. Change of coercivity with heat treatment conditions in
0.85% carbon steel.
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Fig. 5. Magnetic coercivity as a function of pearlite inter-
lamellar spacing in 0.85% carbon steel.
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Fig. 6. Comparison of magnetic coercivity between 0.45% and
0.85% carbon steel.
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