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Structural Materials for Breeder Reactor Cores and Coolant Circuits 325/01279

The structural components of principal interest in fast-breeder reacto.r
cores and cooling circuits include the reactor vessel, primary and secondar~
piping, intermediate heat, exchanger (IHX), and steam generator. Load-bearin:
components inside the vessel, among these the fuel cladding and duct, are ai:
included. The operating conditions present in a fast—breeder nuclear reactor
impose a number of requirements on the mechanical, physical, and neutronic
properties of the materials used to construct these components. Because the
liquid-metal fast-breeder reactor (IMFBR) is the most technologically
developed of the various fast—-breeder reactor concepts proposed, it is the
only reactor type discussed here.

1. Cladding and Duct Materials

The nuclear fuel in an IMFBR is clad in thin-wall metallic tubing to make
up the individual fuel elements. These fuel elements, in turn, are assembled
into hexagonal arrays of up to 200 to 300, depending upon the reactor, and
enclosed in metallic ducts to comprise the basic fuel assemblies that go ianto
the core. Both the cladding and duct wmaterials must maintain reasonable
strengths and ductilities at kemperatures of up to ~700°C and fast neutroun
fluences approaching 3 x 1023 n/ cm? (E > 0.1 MeV). They must also have
acceptably low neutron absorption cross sections and must be chemically
compatible with the reactor coolant and, in the case of cladding, with the
fuel. Types 304 and 316 austenitic stainless steel were the early choices for
these applications in IMFBRs. However, in the fast-reactor core environment,
these alloys are subject to significant irradiation-induced creep, swelling,
and embrittlement (see article on Swelling in Irradiated Materials). Swelling
is reduced somewhat by prior cold working, and 207 cold-worked Type 316
stainless steel cladding and duct are used in the U.S. Fast Flux Test Facility

(FFTF) and had been specified for the now-cancelled Clinch Kiver Breeder



Reactor (CRBR). Titanium- and/or silicon-modified cold-worked Type 316
stainless steel is being considered for the cladding and duct of the British
Commercial Fast Reactor (CFR) and French Creys-Malville (Super Phenix®
IMFBR. Ferritic steels' and precipitation-strengthened and solid-solutioan-—
strengthened austenitic alloys with low swelling characteristics are presentl
being investigated for future claddiné and duct applications.

2. Reactor Upper Internal Structures

The sodium coolant in an IMFBR typically emerges from different parts of
the core at different‘temperatures. During mixing of the exiting coolant,
streams having significantly different temperatures can alternately impinge on
structural components located above the core, a phenomenon known as "thermal
striping.” This subjects these components to rapid (~1 Hz) temperature fluc-
tuations, and the resultant cyclic thermal stresses create a potential high-
cycle fatigue problem.

Types 304 and 316 stainless steel have been chosen for the affected upper
internal structure in several European IMFBRs. However, in the U.S. FFTF arnd
CRBR designs as well as in Japan's Monju Reactor, the magnitude (up to ~153°C)
and expected number (~109) of the temperature fluctuations are judged to be
too severe for these alloys. Therefore, the nickel-base alloy, Inconel 718,
has been specified for such components as instrument posts, outlet chimneys,
and baffle plates. This alloy possesses a higher fatigue endurance limit and
thermal conductivity and a lower thermal expansion coefficient than the
austenitic stainless steels. However, problems with heavy-section welding,
notch sensitivity, and potential overaging limit its applicability.

3. Reactor Vessel and Coolant Circuits

An IMFBR 1is cooled by one or more coolant loops, each typically con-
sisting of two sodium-filled circuits connected through an THX. The primarv

circuit removes heat from the reactor core and the secondary circuit supplies



heat to the steam generator. The two—circuit design isolates the steam gen~-
erators and turbines from possible contamination from the reactor core. In .
pool-type reactor, the primary circuit and IHX are located inside the reactor
vessel with the core, whereas in a loop-type reactor both circuits arc
external to the vessel. Maximum operating temperatures for the vessel ar
coolant circuits are generally about 530 to 560°C.

These components comprise the primary pressure boundary of the plant,
and, for commercial reactors, they must be designed in accordance with the
ASME Boiler and Pressure Vessel Code in the U.S. and similar design codes ir
most of Europe and Japan. This limits the qualified materials of construc—
tion, and Type 304 and 316 stainless steel are used almost universally for
these components, although the British Prototype Fast Reactor (PFR) has made
extensive use of Type 321 stainless steel. The relatively modest coolant
operating pressures (typically less than 1.5 MPa) limit the primary stresses,
but secondary "creep—fatigue” stresses associated with startups and shutdowns
(particularly under abnormal conditions) and interspersed periods of steady-—
state operation are an important design problem.

4, Steam Generator

The steam generator system in an IMFBR is made of evaporator, super-—
heater, and, in some cases, reheater stages. Numerous designs exist, but the
basic evaporator/superheater configuration commonly consists of several
hundred to several thousand tubes transporting water or steam enclosed in an
outer shell through which the heated secondary sodium is circulated. The tube
walls thus serve as the boundary between the water or sfeam and the sodium,
and the outer shell provides for sodium containment. In the U.S. CRBR design,
the maximum anticipated sodium 1inlet temperatures to the evaporators and
superheater are 457 and 502°C, respectively, and the corresponding steam

out let temperatures are 330 and 485°C.



The ferritic 2 1/4Cr-1Mo steels, sometimes stabilized with Nb to ceutrci
decarburization by the sodium, remain the favored alloys for steam gemeratov
components. They offer proven fabricability and weldability, metalluzgica
stability in sodium at temperature, compatibility with the water and stesz
conditions encountered, and acceptability under the ASME Code. The ferrit
9Cr-1Mo steel possesses somewhat higher strength at operating temperatusgas anc
is to be used for the British CFR evaporator and superheater tubing. Tk+
austenitic alloys are also being used because of their higher strength ans.
relative freedom from carbon transport problems in sodium, although their
thermal conductivities are lower. The superheater and reheater tubing in the
French Phenix reactor is made of Type 321 stainless steel. Several austenitic
stainless steels are being used for this same tubing in Japan's Monju %eactor
and Incoloy Alloy 800 tubing is being used throughout the Super Pheniz stea~
generator system. The PFR superheater and reheater tubing was originally mads
of Type 316 stainless steel, but because of stress—corrosion cracking ewxperi-
enced at tube-to-tube sheet welds, this tubing is being replaced with %Cr—1M.
steel tubing and thermal sleeves.
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