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 Status of FY00 APEX Materials R&D

§ Analysis of coolant-structure compatibility (operating limits), and provide
materials analysis in support of Tasks I-IV
- 3/2000 milestone: see VGs from May, 2000 APEX meeting

§ Preliminary assessment of erosion rates as a function of temperature and
coolant velocity
- 6/2000 milestone: preliminary estimates of erosion rates in high velocity
components (see attached viewgraphs)

§ Mechanical properties of refractory alloys before and after irradiation
(Emphasis on fracture toughness of W-TiC and W-Fe-Ni “heavy alloys”)

- Work delayed; awaiting delivery of W-TiC alloy from Japan

§ Develop database on Sn-Li vapor pressure and composition
- being performed under the INEEL Safety program



SURVEY OF EROSION EFFECTS

§ The high liquid jet velocities of interest to APEX (~2-20 m/s) may
cause accelerated erosion of nozzles, baffles, etc.
- affects availability of fusion plant

§ Twenty erosion/corrosion papers obtained from a literature search were
reviewed

§ The erosion rate is best correlated with the mass transfer coefficient,
which is proportional to velocity in typical applications (Sh~RexScy,
where Re is the Reynolds number and Sc is the Schmidt number; x and
y are often ~1)---B. Poulson, Corrosion Science 35 (1993) 665

§ Several erosion mechanisms occur, depending on the importance of
corrosion processes; both mechanical and chemical erosion processes
occur (Y-M Ferng et al., Nucl. Technol. 126, 1999, p. 319)
- e.g., the flow velocity may change the corrosion potential and/or the
corrosion product solubility



OVERVIEW OF EROSION EFFECTS

§ Erosion acts in conjunction with normal corrosion processes, and
becomes the dominant mechanism for material removal at high
velocities

§ The erosion rate is approximately proportional to the square of
velocity, and typically becomes clearly observable for velocities
above ~1 m/s (M.M. Stack et al., Wear 180, 1995, p. 91; B.K. Gandhi
et al., Tribology International 32, 1999, p. 275)
- measured values for the velocity power law range from 1 to 3

§ A “reference” coolant velocity limit of ~10 m/s is proposed for APEX
based on erosion concerns
- net erosion/corrosion rate at 10 m/s would be  about two orders of

magnitude higher than measured in static corrosion tests (assuming
quadratic velocity dependence)

- velocity limit for water and sodium coolants is also ~10 m/s (J.T.
Thompson, “The Technology of Nuclear Reactor Safety”)



OVERVIEW OF EROSION EFFECTS (continued)

§ Detailed erosion rate depends on temperature, whether particulates are
present in the liquid, etc.
- Suspended particles in the liquid greatly enhance the erosion rate
- A reduction in the inlet liquid temperature might allow higher

velocities to be achieved
- Nozzle designs must avoid sudden expansion/contraction in order to

minimize erosion (J. Postlethwaite and S. Nesic, Corrosion 49, 1993,
p. 850; T.Y. Rizyk et al., Corrosion Science 38, 1996, p. 1801)

§ Erosion data are not available for the specific material/coolant
combinations of interest to APEX (lithium, etc.)
- erosion effects on insulating coatings may be particularly severe

(increased possibility of spalling near surface cracks, etc.)
- if erosion is determined to be of critical importance for the feasibility

of APEX liquid wall designs, then experimental erosion/corrosion
studies should be initiated


