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1. Introduction

In a Very High Temperature gas-cooled Reactor
(VHTR), graphite will be used not only as a moderator
and reflector but as a major structural component. The
basic technology for the VHTR design can be obtained
from the past High Temperature Gas-cooled Reactor
(HTGR) designs operated in the 1980s. Unfortunately,
the historical nuclear grades no longer exist so that new
grades must be fabricated, characterized, and irradiated
to demonstrate the current grades of graphite exhibit
acceptable properties upon which the thermo-
mechanical design of the structural graphite in the
VHTR is based.

In this study, fracture toughness and stain energy
release rate at room temperature in air environment
were examined for commercially available nuclear
grade graphites using a straight-through notched 3 point
bending specimen.

2. Experiments
2.1 Materials

Five nuclear grade graphites were used in this study:
IG-110 and 1G-430 produced by the Toyo Tanso Co,
Ltd, Japan and NBG-17, NBG-18 and NBG-25
produced by the SGL Carbon Group, Germany. The
main properties of the graphites are summarized in
Table 1.

Table I: Typical properties of the nuclear grade graphites

Grade Coke_type Molding Densitsy cc
& size method (g/cm®) | (MPa)

1G-110 P?;g’ﬂ)m lsostatic | 1.78 79

1G-430 C(fSLISr Isostatic 1.82 89

NBG-17 (Mcaf(’_"‘ggg[lm) Vibrational | 1.86 75

NBG-18 (M;(?al'BT(J%r“m) Vibrational | 1.85 72

NBG-25 (I\iz;r_oé%ﬂ) lsostatic | 182 | 104

2.2 Fracture Toughness Tests

For fracture tests, we used a straight-through notched
3 point bending specimen with the size of 200 mm in
length (L), 15 mm in thickness (B) and 20 mm in width
(W). The notch length to width ratio, a,/W was 0.4 and
the span to width ratio, So/W was 0.8.

Fracture tests were conducted using a 30 kN capacity
universal testing machine with a crosshead speed of
0.01 mm/min at ambient air. Fracture toughness, K,. and
strain energy release rate, G, were measured based on
the tentative ASTM standard for graphite [1].

The fracture toughness was calculated from the
maximum load, Py as follows:

P.s, T 3a/wp?
Ke =9 8w | 21_a/wp”

where g = 1.9381 - 5.0947(a/W) + 12.3861(a/W)? -
19.2142(a/W)? + 15.7747(a/W)* - 5.127(a/W)°.

Strain energy release rate, G, was calculated by the
compliance method as follows:

2
C;I (an) = Pi@
2B &
where @, =any + [(W -a,1)/2 x (Cp, - C,.1)/C14], 6C =
(Cn - Cn-l) and 6a = (an - an-l)-

At first, data lying in the linear portion of the load-
displacement curve were fitted to a linear line. The
beginning of crack propagation was considered to be the
point where displacement departs from the calculated
linear line by 0.002mm.

The crack initiation point during the fracture test was
observed using direct current potential drop (DCPD)
method and a telescope with 45 magnifications.

3. Results and Discussion
3.1 Load-Displacement Curve and Crack Initiation

The typical load-displacement curve for the 1G-110 is
shown in Fig. 1.
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Fig. 1. Typical load-displacement curve for 1G-110
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The arrow is the point of onset of the main crack
initiation observed by the telescope and an optical
microscope. Generally, the point was near the
intersection between the load-displacement curve and
0.002 mm offset line. Also, the DCPD voltage began to
increase at the point. For all the graphites, microcracks
were observed in the frontal portion of the notch tip at
about 70~80 % of the maximum load as reported by
Sakai [2]. Some of the microcracks joined and grew into
a main crack. The crack extension was about 0.5 mm till
the maximum load was reached.

3.2 Comparison of K. and G,
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Fig. 2. Comparison of fracture toughness, K.

The fracture toughness results for the graphites are
shown in Fig. 2. The lowest value of K, was 0.82
MPam'? for the 1G-110 with low density, elastic
modulus and high porosity. In the case of the 1G-430,
NBG-17 and NBG-25 having higher density than the
1G-110, the values of K. were around 1.07 MPam¥? and
higher than that of the 1G-110. Although the density of
the NBG-18 is nearly equal to that of the NBG-17 but
the K. value of the NBG-18 was 1.34 MPam'?, much
higher than that of the NBG-17.
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Fig. 3. Comparison of strain energy release rate-crack
extension curves

Fig.3 shows the strain energy release rate-crack
extension curves for the nuclear grade graphite. Except
for 1G-430, as the coke particle size increased the G,
value was higher for a given crack extension. This trend

reflects that the greater extent of energy was dissipated
in the coarser-grained graphite during crack propagation
by irreversible processes such as microcracking in the
frontal process zone, irreversible slip deformation along
the basal planes, crack bridging in the crack wake and
branching [3,4]. The effect of shielding mechanisms on
the fracture toughness of the nuclear graphites will be
investigated by optical microscopy and fractography.

4. Conclusions

The fracture tests were performed for commercially
available nuclear grade graphites at ambient temperature
and the results are summarized as follows;

1. The main crack initiated at about 70 % of the
maximum load and extended about 0.5 mm till the
maximum load was reached.

2. The nuclear grade graphites with the coarser coke
particles showed higher fracture toughness and much
better resistance to the crack propagation.
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