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In the frame of the HTR-M program, CEA-DTEN has been charged of collecting data
on the past experience of FZ Juelich related to the use of C/C materials in the frame of
HTR development. This document reports briefly the results of different exchanges with
experts of FZJ, more particularly Mr J. Linke we met during the technical workshop on
C & SiC composites for nuclear applications, held at NRG-Petten, Netherlands (17-18
feb 2004).

FZJ experts have been questioned in order to obtain information concerning;:

- the availability of nuclear grades of CMC and the evaluation of the different
suppliers,

- the design and results of mechanical testing of C/C,

- the knowledge of environment effects (irradiation, atmosphere,...) on C/C.

Dr. Jochen Linke who was not personally involved in past HTR programs informed us
that all activities in his institute related to High Temperature Gas Cooled Reactors have
been terminated in the nineties. All experimental facilities have now been dismantled in
FZJ. At present, Dr Linke is in charge of investigating plasma facing components
(carbon based materials, miltidirectionnal CFC with high thermal conductivity, Si doped
CFC, beryllium and tungsten alloys), in the frame of fusion-based rectors programs.
Simulations of high thermal loads (20 MW/m?) are performed is his laboratory on
mocks-up containing C/C parts, and irradiation are carried out in experimental fission
rectors. Recent results have been presented by Dr. Linke during the Workshop.

Dr. Manfred Rédig from FZJ developed in the beginning of the nineties a mechanical
testing equipment for evaluating CMC. His study which deals with the tangential
strength of C/C tubes is well described in the reference [1] (see annex).

In this publication, M R&dig reports the results of mechanical tests performed on
commercial tubes of 330 mm diameter supplied by SIGRI (grade CC 2001 G). The C/C
material was considered as a back-up solution for hot gas duct of HTR. Two mechanical
testing methods were compared: burst tests where internal pressure was exerted either
by a liquid or a gas and split disk test where the loading was applied by the contact two
half-cylinder placed inside the tube. In all cases, the result allows to estimate the
tangential strength conservatively. Indeed, a close analysis of the sample failure shows
that bending load component under internal pressurization tends to enhance the failure
of the tube which is not, in this case, submitted to a pure tangential stress. Furthermore,
Mr. Rodig pointed out several problems encountered to manage the very coarse
structure of CFC materials (large dimensions and large tolerances).

Dr. Rodig indicated that no further program of mechanical test on C/C materials has
been performed since this early study and he confirmed that all equipments have been
dismantled in FZJ. He mentioned two internal reports describing the experimental
devices used at the end of the 80’s at the FZJ in order to test CMC tubes (internal
pressuring, bending, ...) [2,3]. This experience constitutes a valuable guideline for the
development of mechanical tests on composite tubes.
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We would like to thank Mrs Linke and Rodig for their collaboration.

[1] M. Ridig, W. Baur, B. Woschek: Burst Tests to Measure the Tangential Strength of
CFC Tubes, IAEA Specialists Meeting on Status of Graphite Development for Gas
Cooled Reactors, IAEA-Report IAEA-TECDOC-690, Wien Feb. 1993.

[2] B. Woschek, M. Rodig. Mdéglichkeiten zur Durchfiihrung von Versuchen an
keramischen Halbzeugen unter mehrachsiger Belastung bei hochen Temperaturen.
Interner Bericht KFA — IRW — IB —10/86.

[3] B. Woschek, M. Radig. Berstversuche zur Bestimmung der tangentialen festigkeit
an Rohrabschnitten aus kohlenstoffaserverstirktem Kohlenstoff. KFA-IRW-TN-40/91
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