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Introduction

Argonne National Laboratory (ANL) has performed a number of examinations

to determine the microstructure and micro-chemistry of samples of debris from

the TMI-2 reactor. These examinations have been a small part of the overall

effort to gain an understanding of the TMI-2 accident. As a result of these

overall efforts, a general scenario of the response of the core components has

been established. In this paper we will describe the microstructure and

micro-chemistry of debris from the lower plenum of the reactor and relate

these data to a segment of the general scenario dealing with the relocation of

this material.

The primary tools used at ANL for the examination of material from the

TMI-2 core were optical microscopy, scanning electron microscopy and Energy

Dispersive X-Ray Spectroscopy, and Scanning Auger Spectroscopy. In some cases

these techniques were augmented by the use of gamma spectroscopy,

autoradiography, and X-ray diffraction analysis.

Examination Results

Principal Structure

All of the materials examined from the lower plenum were rock-like

samples, i.e., having a rough, random exterior surface appearance. The

microstructures of the samples were typical of cast multicomponent materials,

i.e., rounded grains with additional phases in the grain boundaries, as shown

in Fig. 1A. In most cases, the priory grains appeared to be a single-phase

material (Fig. IB), as would be expected if a UOo-ZrOn solid solution were

rapidly cooled from the liquid state. However, portions of these grains
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showed indications of segregation into two distinct phases, and in some areas

the transformation of the entire grain was complete. The darker phase in

these segregated grains was higher in Zr than the single-phase portions. An

explanation for this segregation would be a slower cooling rate that would

allow the U-rich phases to precipitate, with the phases that are highest in Zr

(approaching the eutectic composition) solidifying last. In a faw locations,

a structure resembling a peritectoid rim was found, but it was not possible to

establish a compositional difference in the rim, although electron microprobe

data indicated that an undetectable, low-atomic number element was present.

In addition to the equiaxed (U,Zr)02 primary grains, some samples

contained areas of dendrites that appeared to be growing from the primary

grain structure (Fig. 2). These areas were associated with large voids in

regions with a lower U/Zr ratio, which indicated a lower melting point

material. These dendrites would solidify from the melt at -3000 K in the part

of the UOn-ZrOo phase diagram in which these compositions lie.

Eutectic Structures

The grain boundaries of the equiaxed grains generally contained a

eutectic structure consisting of a dark phase of Al, Cr, Fe, and Ni and a

light phase of U and Zr. The amounts of eutectic phases varied from sample to

sample, indicating the heterogeneity of the molten core. Auger analyses

indicated that these elements were present as oxides. In the FeO-CroO^

system, there is a eutectic at about 1625 K and 97 at.% FeO. The addition of

AI2O3 and NiO is likely to lower this eutectic temperature to some extent.

This dark grain boundary phase would then be the lowest melting phase in the

structure, with a solidus temperature as low as -1600 K.

The dendritic structures were also surrounded by eutectic structures that

were even more evident (see Fig. 2). These structures appear to have formed

as a result of the multicomponent material cooling through a series of

eutectic reactions. Analyses of the various phases suggest a eutectic between

Zr-rich and Fe-rich phases. An equilibrium phase diagram for the Fe304-Zr0n

system shows a eutectic at about 1800 K and 20 at.% ZrO2 [1]. The dark-

appearing FeO-Cr2O3 eutectic phase was also present around the dendrites.



Conclusions

The finding of multicomponent microstructures in the lower plenum debris

allows the formulation of a hypothesis of how "molten fuel" could relocate to

this location without causing more severe damage than was found.

The material that was found in the lower plenum of the reactor is

believed to have formed as a molten mass in the debris bed near the center of

the core during the period from about 174 to 224 minutes into the accident.

The molten mass was contained by the formation of a crust along its lower

boundary. Apparently, at 224 minutes the crust broke near the edge of the

core and molten material flowed into the bottom head of the reactor. During

this movement, the molten material cooled and much of the U-Zr oxide could

have solidified. The solidification was slow enough to allow some segregation

of the U and Zr in the primary grain structure. The very large difference in

the solidus temperature of the Cr and Fe oxides and the primary grains would

have allowed the grain boundaries to remain liquid significantly longer than

the bulk material. The material would then have continued to flow like wet

sand at temperatures near, and possibly even below, that of the melting point

of stainless steel (-1670 K). At these temperatures, the moving mass would

not have severely melted the stainless steel structure near the bottom of the

vessel.
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Fig. 1A. SEM/BSE image showing primary grains of (U,Zr)O with a eutectic
grain boundary phase. 150X

IB. SEM/SE image of 1A at 1000X showing initial segregation of Zr-rich
and U-rich phases at the grain boundaries and the Fe, Cr, Al, 0
eutectic phase, upper right. 2



Fig. 2. Dendritic zone showing eutectic structures containing Zr, Fe, Cr, Al
and 0 500X


