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Microstructural evolution of the 21Cr32Ni model alloy under irradiation

M. Ayanoglu* and A. T. Motta

2Department of Mechanical and Nuclear EngineeriegyBylvania State University, University Park, R8802, USA

The microstructural evolution of the 21Cr32Ni mod#by under ion irradiation is investigated. A sét
bulk materials were irradiated at the Michigan Beam Laboratory using single beam (5 MeV'F& 1,

10 and 20 dpa at 420 and dual beam (5 MeV Feplus energy degraded 1.95 MeV 'Héns) to 16.6
dpa at 448C. The average diameter and number density ofathkef] loops and cavities formed under
irradiation were characterized using TransmissitattiEon Microscopy (TEM). The behavior of faulted
loop in the model alloy was also investigated t-sising the Intermediate Voltage Electron Micrgeeo
(IVEM) at Argonne National Laboratory (ANL). Ressilshow that the average faulted loop diameter
decreases, but the faulted loop number densitgasas with increasing dose. In-situ experimenta/stio
that the faulted loops become unfaulted duringifcediation by interacting with network dislocat®n
Although the average faulted loop diameter afte6 Hpa dual beam irradiation at 4@6was found to be
similar to those seen in samples irradiated witiglsi beams to 10 and 20 dpa, the faulted loop numbe
density was significantly higher in the dual bearadiated sample. Moreover, the dual beam irradiate
model alloy exhibits a significantly higher densdfysmaller cavities. It is also found that theesand
density of the faulted loops and voids calculatadiie dual beam irradiation of 21Cr32Ni model yakkd
446°C are in good agreement with those measured irutareirradiated sample at 375 compared to
the single beam irradiation. Further discussigorésented in this study.

Keywords: Austenitic stainless steels, helium, irradiatitaylted loop, cavity, segregation, dual beam
irradiation, 21Cr32Ni model alloy, 800H.

1. Introduction

Fast neutron irradiation of materials in nucleaacters causes radiation damage in the form of
displacement cascades through which a large nuofbaéefects and defect clusters, both interstitiad a
vacancy in nature, are created. At high irradiatemperatures some of these clusters are mobéy; th
can diffuse and form even larger clusters in thenfof dislocation loops or cavities. All these dgfe
defect and defect-sink interactions are at the wofotmicrostructural evolution’ which can alter the
properties of the materials used in the reactoe.cbhis issue is particularly important for the adeed
reactor systems since in those systems, radiatiorage levels can reach up to 200 dpa (displacepeent
atom) at operating temperatures of 4D@r above[l]. Stainless steel alloys have been developed and
improved to withstand in high temperature corrosemvironments[2]. Because high dose neutron
irradiation experiments require impractically loegposure times and can activate the irradiated lesmp
heavy-ion irradiation has been widely used to ustded the effect of radiation on the materials bigha
[3-9].

Alloy 800H (Fe-21Cr-32Ni) has been proposed asralicate material for advanced reactor systems
due to its high corrosion resistand®]. Because of this, its microstructural changes umadiation
have been subjected to studies using both ionsanttons. Gan et al. irradiated alloy 800H to 5@ dp
using a single 5 MeV Ni ion beam at G0 They observed faulted loops (average size of r81) and
fine precipitates with an average size of ~6 nmramaoid swelling10]. The type of the precipitates are
not reported, however the authors reported thattleeage faulted loop number density increases with
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