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Thermal Recovery Behaviors of Neutron Irradiated Mn-Mo-Ni Low Alloy Steel
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x= &  F4A¢) &4 (fluence : 2.3X10"necm™?, 553 K, E>1.0 MeV) ® Mn-Mo-Ni A &% 249 dxe] 3= A%
& ZAEEY) S8t FAAEH FL4ES T HE FAFAYA], JE wkeals 281 38 v A44E AAs Y. o
A2l F S5 wAL vd] ZTLARVIZ A AR ARE o)4, dX HELA, JBAFE AE ¢ & kinetics&
245 5ch. AP oA 2] S EF7} (stage | 703K-753K, stage Il : 813K-873K) o] Uieht oy 7+ @b o) 528435} of
UAE 2.50 eV (1 A 2 2.93 eV (2 A o]t A9} B2 AL 8] SA)AE FA) B|EE Eslod 813K o4 RAH (ra-
diation anneal hardening) =& &<¥ 4 k. 743K ¥ 833K oA £33 5225 As), 389 60%7F 25 1208 o]
Wl deojub= 7o 2 FAeUrt. 38 yhgaleE F 387 25 22 Yelytor #E 9egA4E 34X 10 ' min~' (1
A 71X 107 min~" (2 A o]t} o)ake) ZAzte} 7] RER A EL 7] v 24T B, B AR B o 24
AzALZ YA PJAE AGAFo) dAol AP Esie} Ferlxol 443t 42 ZA08 T self-interstitialS®} vacancy 59
A7) 23 dojute Ao 2 A=),

Abstract The recovery activation energy, the order of reaction and the recovery rate constant were detemined by
isochronal and isothermal annealing treatment to investigate the recovery behaviors of neutron irradiated Mn-Mo-Ni
low alloy steels(fluence : 2.3% 10"*nem ™2, 553K, E= 1.0 MeV). Vickers microhardness tests were conducted to trace the
recovery behavior after heat treatments. The results were analyzed in terms of recovery stages, behavior of responsible
defects and recovery kinetics. It was shown that recovery occurred through two annealing stages(stage I : 703-753K,
stage 1 :813-873K) with recovery activation energies of 2.5 eV and 2.93 eV for each stage 1 and I, respectively.
From the comparison of unirradiated and irradiated isochronal anneal curves, a radiation anneal hardening(RAH) peak
was identified at around 813K. Most of recovery have occurred during about 120 min irrespective of isothermal anneal-
ing temperatures of 743K and 833K. Recovery rate constants were determined to be 3.4 x 10~ *min~"' and 7.1 X 10-*
min~' for stage [ and II, respectively. The order of reaction was about 2 for both recovery stages. Comparing the ob-
tained data with those of previously reported results on neutron irradiated Mn-Mo- Ni steels, the thermal recovery be-
havior of the present material seems to occur by the dissociation of point defect clusters formed during irradiation, and
by the recombination process of self-interstitials and vacancies from dissociated vacancy clusters.
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Table 1. Chemical composition(wt%) of Mn-Mo-Ni low
alloy steel.

Element C Mn P S Si Ni
Base | 0.155 | 128 | 0.006 | 0.005 | 0.168 | 0.712

Element| Mo Cr Cu Al Co Fe
Base | 0.484 | 0.171 | 0.063 | 0.011 | 0.012 | Bal

Table 2. Heat treatment of Mn-Mo- Ni low alloy steel.

Material Temperature Time Cooling method
Austenitizing
h _
(871°C) 4hr  |Water-quenched
T&;‘gfgfd 4hr Air-cooled
Base Metal
Relief
Str(?ss e 1e° 15°C/hr
Heating : 595°C .
. 6hr Air-cooled
Holding : 595C 10C/h
'y
Cooling : 310C

Fig. 1. Optical Micrograph of base metal.
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Fig. 2. Isochronal recovery curve of base metal specimens(irra-
diated to 2.3 10**ncm™? at 561K).
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Fig. 3. Isothermal recovery behaviors of Vickers hardness at
743K and 833K for base metal specimens((irradiated to 2.3 x
10"ncm~2 at 561K).
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Fig. 4. Determination of the recovery activation energy for the
recovery Stage 1(703-753K) and Stage I1(813-873K) of base
metal (irradiated to 2.3% 10"*ncm™2 at 561K).
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Fig. 5. Determination of the order of reaction for recovery a)
Stage 1(703-753K) and b) Stage I11(813-873K) for base metal
(irradiated to 2.3% 10" ncm™? at 561K).
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