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ABSTRACT

Graphite, which is being considered as a lower reactor
shield in gas-cooled fast reactors, would be contacted by core
debris during a core disruptive accident. Information on the
interaction of graphite, UO2, and stainless steel is needed in
assessing the safety of the GCFR. In an ongoing study of the
interaction of graphite, UO2, and stainless steel, the effects
of the steel components have been investigated by electron micro- '
probe scans, X-ray diffraction, and reaction-rate measurements.
Experiments to study the role of the reaction product, FeUC2, in
the interaction suggested that FeUC2 promotes the interaction by
acting as a carrier to bring graphite to the reaction site.
Additional experiments using pyrolytic graphite show that while
the reaction rate is decreased at 2400 K, at higher temperatures
the rate is similar to that using other grades of graphite.

Graphite is being considered as a lower reactor axial shield in gas-
cooled fast reactors (GCFRs). During a hypothetical core disruptive
accident in a GCFR, the core debris containing UO2 and molten stainless
steel would come into contact with the graphite. Consequently, informa-
tion concerning the interaction of UO2, stainless steel, and graphite is
important in assessing the safety aspect of a GCFR.

We have continued our investigation^ of the reaction between stain-
less steel, IK>2, and graphite with studies of the effects of the steel
components, the presence of the reaction product FeUC2, and the type of
graphite used.

To study the effects of the steel components, reaction-rate measure-
ments as well as X-ray diffraction analyses and electron microprobe exam-
inations have been performed. For different ratios of UO2 to stainless
steel, electron raicroprobe scans of the reaction product for each component



Fig. 1. Electron Microprobe Scans of the Product from the Interaction of UO2, Stainless Steel, and Graphite



of steel were examined. The scans indicated that neither chromium nor
nickel was associated with the reaction product FeUC2- Figure 1 shows an
electron microprobe scan of the product from the interaction of 39 wt Z
Type 304 stainless steel, a U0 2 pellet, and an ATJ

2 graphite crucible at
2400 K for one hour. The dark gray portions of the secondary electron
scan are the excess stainless steel. The background matrix is the product
FeUC2, as can be identified from the carbon, uranium, and iron scans.
Comparison of the scans for nickel and chromium with those for carbon,
uranium, and iron indicates that nickel and chromium are not associated
with the reaction product and are located primarily in the islands of
steel.

Experiments were also per-
formed at 2400 K to study the
interaction of UO2 and graphite
with each of the components of
stainless steel. The reaction
rates of Fe-U02 -graphite and
Ni-U02~graphite were similar
to that of stainless steel;
however, the reaction rate of
Cr-U02~graphite was much lower
(Fig. 2). X-ray diffraction
results indicate that when iron
is not present, a compound with
an FeUC2~type powder pattern is
formed by the interaction of
nickel with UO2 and graphite. ,__
The phase formed from the Cr-U02- 0 '0 20 30 40 50 60 70
graphite interaction has not TIME, min
yet been identified. It is not
CrUC2 or 0302- Fig. 2. Reaction rate at 2400 K

for stainless steel and
its components.

The fact that FeUC2, UC.and UC2 were all found as reaction pro-
ducts when only 10 wt % stainless steel was used indicates that three
reactions occurred:

Fe + U0 2 + 4C •*• FeUC2 + 2C0

U02 + 3C •> UC + 2C0

4C -> UC2 + 2C0



However, there was no decrease
in the slope of "the CO produc-
tion-rate curve to indicate a
decrease in the reaction rate
when the iron was depleted;
instead, the slope of the curve
was constant or increased
slightly with time. This behav-
ior suggested that the reaction
product, FeUC2 (which melts at or
below 2225 K ) , acts as a carrier
for carbon to the reaction
site, thereby increasing the
UO2~graphite reaction rate
above that expected since,at this
temperature (2400 K ) , the inter-
action between graphite and UO2
alone would proceed via solid-
state diffusion. The role of
FeUC2 as a carbon carrier was
studied in an experiment in which
a pellet of UO2 and a volume of
FeUC2 melt comparable to 30 wt
% molten stainless steel were
heated to 2400 K in a graphite
crucible. The reaction pro-
duced CO at a higher rate than
the reaction with 30 wt % stain-
less steel (Fig. 3).
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Fig. 3. Comparison of reaction
rates for stainless steel,
Pt, and FeUC2 from 2000
to 2400 K.

The more general concept of a carbon carrier was assessed in an
experiment in which the FeUC2 was replaced by platinum (graphite
is readily soluble in platinum). The rate of CO production was similar to
that observed in the presence of FeUC2- These experiments imply that
any molten material in which graphite is soluble may accelerate the rate
of interaction of UO2 and graphite and consequently increase the rate of
CO production . The lower rate of Cr-U02-graphite reaction is most
likely-due to the lower solubility of graphite in chromium than in the
other molten materials tested.

The lower thermal conductivity of pyrolytic graphite normal to the
plane of deposition makes pyrolytic graphite an ideal reactor shield
material. L. Baker, Jr. and J. Bingle3 have recommended using it in
GCFRs to utilize this low conductivity in delaying downward heat
transfer. As a continuation of our previous studies on reaction rates
with various types of graphite,4 experiments using 30 wt % 304 stain-
less steel and a UO2 pellet were performed in chemical-vapor-deposited
pyrolytic graphite crucibles formed so that the plane of deposition is



along the crucible surface. Figure 4 shows rhat, at 2400 K, the reaction
rate in a pyrolytic graphite crucible is much lower than that in a ATJ
graphite crucible. In fact, it is somewhat lower than the reaction rate
in AGSR.2 graphite. However, at higher temperatures, around 2750 K, the
reaction rate in pyrolytic graphite is much higher and is similar to that
in ATJ graphite (Fig. 5). Comparison of Figs. 6 and 7 shows the effect of
temperature on the U02~steel-graphite interaction in pyrolytic graphite.
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Fig. 4. CO rates for various grades
of graphite at 2400 K.
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Fig. 5. CO rates for ATJ and pyro-
lytic graphite at 2750 K.

Fig. 6. Interaction of pyrolytic
graphite, UO2 and 30 wt
% steel at 2400 K.

Fig. 7. Interaction of pyrolytic
graphite, UO2 and 30 wt
Z steel at 2750 K.



Fig. 6 Interaction of pyrolytic graphite, U0_, and 30 wt % steel
at 2400 K.



Fig.. 7 Interaction of pyrolytic graphite, U0 2, and 30 wt % steel at
2750 K.



These experiments show that chromium and nickel in the stainless
steel are not associated with the reaction product, FeUC2» and their
presence or absence in steel does not appreciably affect the rate of
reaction. It was found that the presence of molten materials in which
graphite is soluble may serve to transport the graphite to the UO2
reaction site, thereby increasing the rate of CO production. Thus, even
if stainless steel was not present in the core debris that contacted
graphite during an accident in a GCFR, the presence of a molten material
in which graphite is soluble could cause CO to be generated at an
unacceptable rate.

Despite the fact that lower reaction rates are observed using pyro-
lytic graphite instead of ATJ graphite at 2400 K, at higher temperatures
(around 2600 K) the reaction rates for these two grades of graphite are
very similar. Thus, although pyrolytic graphite is useful in reducing the
rate of downward heat transfer by conduction, it cannot be depended upon
to inhibit the interaction of UO2, stainless steel, and graphite.
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FIGURE CAPTIONS

Fig. 1 Electron microprobe scans of the product from the inter-
action of UO2, stainless steel, and graphite.

Fig. 2 Reaction rate at 2400 K for stainless steel and its
components.

Fig. 3 Comparison of reaction rates for stainless steel, Pt and
FeUC2 from 2000 to 2400 K.

Fig. 4 CO rates for various grades of graphite at 2400 K.

Fig. 5 CO rates for ATJ and pyrolytic graphite at 2750 K.

Fig. 6 Interaction of pyrolytic graphite, UO2, and 30 wt % steel
at 2400 K.

Fig. 7 Interaction of pyrolytic graphite, UO2, and 30 wt % steel
at 2750 K.


