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INTRODUCTION

Carbon based materials are an attractive choice for fusion
reactor plasma facing components (PFCs) because of their
low atomic number, superior thermal shock resistance, and
tolerance to neutron irradiation damage. Early experimental
tokamaks utilized graphite in their first-wall armor and
plasma limitere. More recently, machines such as Princeton's
Tokamak Fusion Test Reactor (TFTR) and Japan Atomic
Energy Research Institute's (JAERI) JT-60, have switched
from graphite to carbon-carbon composite PFCs because of
their enhanced physical and mechanical properties and
thermal shock resistance. Next generation plasma fusion
reactors, such as the International Thermonuclear
Experimental Reactor (ITER) and the Burning Plasma
Experiment (BPX), will require advanced carbon-carbon
composites possessing extremely high thermal conductivity to
manage the anticipated severe heat loads.

The fusion reaction involves the hydrogen isotopes deuterium
(*H) and tritium ('H) in the following reaction:

3H + *H -• *He + n + energy

The neutron (n) has an energy of 14 MeV and will create
neutron damage in the first wall armor and vessel materials
of the tokamak fusion reactor. Moreover, under irradiation
in a fusion spectrum, carbon itself undergoes the reactions,

"C(n, and "C(n, n')3a ,

both of which will produce damage in graphites and carbon-
carbon composites in excess of the pure neutron
displacement damage.

The basic mechanism of radiation damage in graphites is well
understood; neutron-induced carbon atom displacement
creates a vacancy-interstitial pair. At the temperatures of
interest in fusion energy devices, vacancies collapse and are
swept out of the graphite crystal resulting in shrinkage of
the basal planes (a-direction). Interstitiab aggregate to form
new planes thus causing a swelling in the c-direction.
Initially this swelling is accommodated by interplanar voidage,
and the bulk behavior is dominated by the a-direction
shrinkage (volume shrinkage). With continued irradiation
the c-direction swelling causes internal voidage to be created
through crystallite boundary cracking, and the graphite begins
to swell (volumetric expansion).

In this paper the irradiation behavior of carbon fibers and
carbon-carbon composites are discussed in terms of simple
microstructural models. Previous data11 are discussed in
terms of these models. New data are presented for rhe
irradiation-induced dimensional changes of selected carbon-
carbon composites. The influence of fiber precursor on
carbon-carbon composite irradiation performance is discussed.

EXPERIMENTAL

The carbon-carbon composites used in this study were
commercial materials obtained from a number of suppliers
and were not optimized for irradiation resistance. However
the materials are representative of present vendor materials.
Irradiations were performed in two experiments:
(i). In a Materials Open Test Assembly (MOTA) capsule
during cycle 10 operation of the Fast Flux Test Facility
(FFTF) ai PNL, where the accumulated fluence was
approximately 10-12 dpa ( 1.5-1.8 x 10* n/m' [E>-*0 KeV])
and the irradiation temperature approximately 400°C.
(ii). In a Target Capsule in the High Flux Isotone Reactor
(HFIR) at ORNL where the accumulated fluence was
0.7-1.8 dpa (1.1-2.7 x 10" n/m' [E>50 KeV]) at 600°G
Post-irradiation examination (PIE) included dimensional
changes, elastic constants, room temperature thermal
conductivities and infrastructures.

RESULTS AND DISCUSSION

Because of space limitations all data are not reported here;
however, they will be presented at the time of the
conference. The materials examined in this study are listed
in table 1.

Table 1. Carbon-carbon composites irradiated in this study.

Supplier

Carbon-Carbon Composites

Description

FMI

NAMCO
B.F. Goodrich
BP Hitco
Kaiser
LTV/Vought
Carbon Fibers

Various

3D fine weave, PAN fibers
3D fine weave, Pitch fibers
4D fine weave, Pitch fiber*
4D coarse weave, pitch fibers
Random Fiber Composite, PAN fibers
Unidirectional Fiber Composite, PAN
fibers
2D Pitch fibers
2D PAN fibers
2D PAN fibers
2D PAN fibers
2D PAN fibers

Pitch and PAN

Reference Graphite
Great Lakes Carbon Grade H-451 (nuclear graphite)
Corporation

The basic mechanism of radiation damage in carbon fibers is
identical to that of graphites and may be interpreted through
a microstructural model such as in Fig. 3. The
crystallographic layer planes are modelled is a core sheath
arrangement, with the c-direction radial and if.- two a-
directions circumferential and axial. We expect «- iirection
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shrinkage and c-direction growth to occur. However, just as
in the case of bulk graphites c-axis growth is accommodated
by intcrplancr voidage and initially we only observe the a-
axis shrinkage. This causes the Tiber to shrink both axially
and diametrically and at higher fluences to rxpand
diametrically while continuing to shrink axially. Ultimately
the fiber will develop radial cracks (Fig. 2) whic'i are
attributed to the combination of circumferential shrinkage
and radial expansion. This behavior is consistent with
previous data of GTay1 and Price et al1. Fibers with a density
close to theoretical, Le., >10 g/em', would not be expected
to exhibit diametrical shrinkage because of their minimal
accommodating voidage.

The axial shrinkage of the carbon fiber dominates the
behavior of carbon-carbon composites. For a 2D material
such as that shown in Fig. 3 the response of the material to
irradiation damage will depend on the orientation of the
woven fiber layers. The fiber axial shrinkage will result in a
radial shrinkage tor specimens of the type in Fig. 3.
Moreover, the associated increase in the woven-fabrics crimp
will result in an expansion along the specimen axis. If the
fabric utilizes an unbalanced weave the specimen will tend to
become oval during irradiation.

In a previous study Price et al2. demonstrated the superior
performance of pitch fibers compared with that of PAN
fibers under identical irradiation conditions. Their results are
attributable to the increased crystalliniry of pitch fibers
compared to PAN fibers. This results in lower irradiation-
defect concentrations in pitch fiber crystallites because the
probability of interstitial-vacancy pair recombination is
increased. A comparison of the behavior of 2D carbon-
carbon composite materials of similar architectures (Table 2),
suggests the superior performance of the pitch fiber may be

• Simplified fiber microstructure:

translated to the composite material.

Table 2. Dimensional Changes of 2D Carbon-Carbon
Composites Irradiated at 400°G

ID

CC-1
CC-2
CC-3
CC-4

Fiber

Pitch
Pitch
PAN
PAN

Fluence
(dpa C)

12.3
1Z1
11.5
11.4

Dimensional
Thickness

24.4
22.8
33.1
36.9

Changes {%)
Diameter

-9.2
-9.7
-5.8/-1&8
-3.0/-17.7

CONCLUSIONS

New data on the irradiation-induced dimensional changes of
carbon-carbon composite, have been presented. The neutron
irradiation induced dimensional changes of carbon fibers have
been explained through a simple core-sheath microstmctural
model. The fiber type appears to influence the irradiation
performance of the material.
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Figure 1. Schematic of a simple "Core-Sheath" model for the microstructure of carbon fibers showing
orientation of the crystal planes
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Figure 2. Schematic illustration of the radial cracking
observed in irradiated carbon fibers
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Figure 3. Schematic illustration of the dimensional changes
of a 2D carbon-carbon composite material


