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Abstract Since the used materials of furnace heater tube with different kinds of thermal degradation were not
commonly available, the HK-40 steel specimens were heat-treated isothermally at elevated temperature to
simulate the microstructure at the service temperature. HK-40 steel specimens with five different aging time
were prepared by isothermal heat treatment at 1050 . The characteristics of the magnetic susceptability have
been investigated for the degradation evaluation of HK-40 steel. The magnetic susceptibility at room
temperature increases as the extent of degradation of the materials increases. The variation of magnetic
susceptibility was compared with the variation of tensile properties and Vickers hardness. To investigate the
effect of the microsturctural change on the characteristics of tensile properties, hardness and magnetic
susceptibility, the microstructures were examined by a scanning electron microscope(SEM) and the chemical
compositions were analyzed by a energy spectrometer of SEM. As a result, the magnetic susceptibility method
can be suggested as one of the nondestructive evaluation methods for the degradation of the HK-40 steel.
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Table 1 Chemical composition of HK-40 steel (Wi, %)

C Si Mn

Ni

Cr

Mo

0.35/0.45 | 1.75 max| 1.5 max| 1

922

23/27

0.5 max

Table 2 Physical and mechanical

properties  of

HK-40 steel
Temperature | Density T.S. 0.2% Y.S. |Elongation
() (/on®) (MPa) (MPa) (%)
RT. 7.75 425 240 10
900 - 142 90 20
1000 - 80 57 46

Table 3 Determination of the aging time at 1050 °C

corresponding to the equivalent micro—
structure served at 935 C
Time served at 935 C(h)|50,000{100,000| 150,000 | 200,000
Aging time at 1050 C(h) | 356 671 980 1268
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Table 4 Chemical composition of HK-40 steel
(Wi, %)

Si Mo Cr Mn Fe Ni
Matrix | 1.56 | 000 | 24.14 | 041 | 54.31 | 19.58
on G. B.| 020 | 040 | 8348 1.2 | 1363 1.15
Matrix | 203 | 029 |2365| 1.22 | 5323 | 19.59
on G.B.| 029 | 0.16 | 7623 135 | 1842 3.5
Matrix | 1.78 | 028 | 2282 | 114 | 5475 | 1922
o G.B.| 046 | 074 | 7664 165 | 17.02 | 349
Matrix | 1.98 | 0.06 | 2253 | 1.07 | 5452 | 19.84
%00 G.B.| 051 | 050 | 7611 | 120 | 1788 | 3.8
Matrix | 252 | 020 | 2221 | 1.02 | 5449 | 19.56
12680 G.B.| 083 | 037 | 8631 | 112 | 922 | 214
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Fig. 8 Variation of the chemical composition
depending on the aging time
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