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1. INTRODUCTION

At CSRL the properties of structural materials suitable for
primary sodium circuits of fast reactors are covered by a number of jobs,
many of which are concerned with mechanical properties of steels In air.
These Include the measurement of creep and rupture behaviours, the
identification of grain boundary deformation and damage processes and
crack growth In creep and/or fatigue. The work covers the candidate
fast reactor steels AISI 316, Alloy 8OO, 12CrMoV, 9CrlMo and 2»jCrlMo
and also Includes 316 - 9CrlMo and 316 - 2<iCrlMo transition joints.
One job is concerned specifically with the influence of liquid sodium
on material properties and involves the use of high flow rate sodium
loops. Details of the relevant projects are given in the following
paragraphs:

2. CORROSION OF STEELS IN FLOWING SODIUM

Data on corrosion and mass-transfer in flowing sodium have
been obtained by hiring time on a sodium loop at UKAEA, Risley. The
work Is directed towards an understanding of basic mechanisms of corrosion
in sodium and thus to the valtdificatlon of extrapolation procedures.
Weight change data has been obtained on a range of steels (AISI 316,
A8OO, 9CrlHo, 12CrlMoV), binary alloys (Fe-Cr and Fe-Nl) and pure metals
(Fe, Cr and Ni) In sodium at 65O C, containing 25 ppm oxygen and flowing
at 5 m/s. After a short induction period of up to 3OOh the materials
exhibited constant rates of weight loss.

Detailed structural examinations have yielded information on
surface chromlte film formation and stabilities, and have shown that
intergranular corrosión occurred in 9CrlMo and 12CrlMoV steels under
the exposure conditions used.

Two sodium loops for mechanical testing In high flow rite
sodium are being constructed at Marchwood Engineering Laboratorios to
implement a test progranire devised by the Central Electricity Research
Laboratories at Leatherhead. Each loop is fabricated in AISI 316 steel
and próvido* sodium to eight test modules and one ageing/sampling module
in paralXrf'ÏÎ Fig. 1. The main sodium supply and return pipework will
run at 40O C and each test module has its own pump, heat exchanger and
trim heater to provide sodium at temperatures up to 65O°C and flowing
at up to 5 m/s at the test specimen. A by-pass cold trap and plugging
meter on each loop will be used to maintain the oxygon content of the
circulating sodium to about 1O pp. Sampling the sodium will involve
in line distillation in crucibles and the ageing pot will be accessible
via a glove box to facilitate the use of weight change corrosion specimens
in addition to the pre-exposure of mechanical test specimens.

Construction of the first loop is nearing completion and com-
missioning will start early in 1978, whilst the second loop will follow
one year later. The tests will be initially concerned with creep and
creep crack growth, but some of the test points on loop 2 may be used
for fatigue testing. The choice of test materials will be limited
predominantly to AISI 316 and 9CrlHo steels and those will be tested in
a variety of metallurgical states including wi?ld sections. All test
data will be compared with similar in-alr tests and detailed structural
examinations will be performed.

4. SMALL SCALE EXPERIMENTS IN LIQUID SODIUM

A small effort involving creep and rupture of hollow specimens
containing sodium has indicated tertiary embrlttlement in Alloy 800 but
not in 9CrlMo. These experiments are continuing and the behaviour will
also be checked by testing identical specimen types in the high flow
rate sodium loops.

Further small scale experiments involving static and low flow
rate sodiums are due to start towards the end of 1977. These will
provida additional information on corrosion in sodium (e.g. intergranular
corrosion of 9CrlMo and 12CrMoV steels and the formation and stability
of surface chromlte films) and provide a support facility for the work
on the high flow rate sodium loops. Requirements for the latter already
include the assessment of the ability to remove sodium from sharp cracks,
the leaching of stringers of non metallic inclusions from plate by sodium
and the use of self stressed specimens for in sodium exposures.

A sodium pot facility is being used to expose steel tabs to
sodium cover gas conditions in which controlled amounts of nitrogen are
added to the argon. The object of the work is to determine the kinetics
of nltridlng in the environment and to assess possible influences on
mechanical properties during service lifetimes.

5. CREEP, CREEP CRACK GROWTH AND FATIGUE OF_Â I_Ŝ _3_16_IN_AIR AND_VACUU_M

A large effort is directed towards an understanding of the
high temperature, mechanical properties of AISI 316 steel. The work is
relevant to a range of power generation applications and includes tests
to provide bas-line data in air for comparison with the planned tests
in high flow rate sodium.
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Creep tests are designed to investigate the influence of stress
terr.oerature and metallurgical state (e.g. pre-aged or weld specimens)
on creep rates and rupture ductilities. Recent examinations of stress
rupture specimens have indicated the importance of time dependent
structural changes and batch to batch variations on long-term rupture
ductilities.

The important relationship between structure and creep properties
has also become apparent in investigations of creep and creep crack
growth in AISI 316 weld raetals. As-welded structures containing con-
tinuous, or semi-continuous, 6-ferrlte boundaries are prone to brittle
crack growth, whilst re-heat treatments, resulting in microstructure
changes, can significantly improve resistance to creep crack growth.
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