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Fabrication and Evaluation of the Tubed Functionally
Gradient Material by Slurry Dipping Process

Akira Kawasaki*
Ryuzo Watanabe*
Summary

Molybdenum / stainless steel / Titanium functionally gradient material (FGM),
which will be used as long life fuel cladding tubes in the fast breeder reactor, has
been fabricated by slurry dipping and sintering process emphasizing the increase in
corrosion resistance to liquid sodium and fission products.

The formation procedure is briefly mentioned here as follows. Cylindrical green
compacts of SUS304 stainless steel powder and Al20s powder was prepared by die
compaction and CIP as a substrate for slurry dipping. Mo, SUS, Ti powder was
suspended in pure water with binder and milled by tumbler ball mill to get a slurry
having an appropriate viscosity for dipping. The substrate was dipped in the slurry
then withdrawn and dried. This procedure was repeated with slurries of different
compositions to get a graded layer. After drying, the coated sample was debinded
binder. The formed compacts were HIP-sintered, and subjected to microstructural
analysis, EPMA, and hardness test. The thermal stress analysis was done by FEM
to evaluate the bonding characteristics.

The main results are listed below.

(1) Slurry dipping process is available for forming functionally graded layer on the
inner and outer surface of a cylinder-type substrate. Slurry viscosity determines
the thickness of coating layer and yield strength of slurry determines the homogeneity
of the thickness of the coating. Selection of sort of binder and dispersant and
optimization of the slurry holds a key to form the homogeneous coating layer.

(2) It is shown that in the HIPed samples, a single layered coating debonded at the
bonding interface, while a good bonding was obtained in the case 6f the graded
coating. However, the sample fabricated on a substrate of SUS powder component
was delaminated in the interface between the dipped layer and substrate owing to
the high residual thermal stress. The use of the Al2O3 green compact as a substrate,
which has the same heat expansion coefficient of the inmost dipped layer, enables
the relief of the thermal stress and no reaction between Ti layer and Al2O3 substrate,
resulting in the fabrication of the compositional gradual nine layer.

(3) The detail characterization in the middie composition layer, in which the formation
of intermetallic compounds is expected, is highly required.

(4) The possibility of the fabrication of a cylindrical shape of graded layer was shown
by using slurry dipping process. Evaluation of corrosion resistance and mechanical
properties of the FGM's is currently in progress.

* Tohoku University

Work performed by Tohoku University under contact with Power Reactor and Nuclear
Fuel Development Corporation '

PNC Liaison : Oarai Engineering Center, Frontier Technology Section.
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Table.2-1  EISHEIEOAHBY4E
I P SHEERIREL (E-6/K) REfRTARE (MEa)
(GPa) | 293k | s00 | 800 | oc | 400 | 600 | 800 | 1000

Mo | 301 | 647 | 53 | 57 | 600 | 310 | 300 | 280 | 230
Mo75 | 274 | 935 | 835 | 933 | 635 | 3275 | 310 | 265 | 207.5
Mo50 | 247 | 1224 | 114 | 1205 | 670 | 345 | 320 | 250 | 185
Mo25 | 220 | 15.12 | 1445 | 1658 | 705 | 3625 | 330 | 235 | 1625
SUS | 193.0 | 147 | 175 | 202 | 740 | 380 | 340 | 200 | 140
Ti2s | 1737 | 132 | 156 | 17.9 | 655 | 340 | 285 | 160 | 106
Ti5o | 1544 | 117 | 137 | 157 | 570 | 300 | 220 | 118 | 71
Ti7z5 | 1350 | 101 | 11.8 | 134 | 485 | 258 | 174 | s | a7

Ti | 1157 | 86 | 99 | 111 | 400 | 217 | 118 | 15 2

€00-66 T096[L ONd
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Table.3-1 EFEHEDME
SERREE Mo 0)) Fe
Mo (M12F) | 0.94xm 99.9% 1.02 0.0024
Mo (MI0F) | 3.05um 99.9% 0.073 0.0022
SERRE Fe Ni Cr Si Mn- 0
SUS-304L| 3.90um | Bal 10.59% | 18.05 1.16 0.11 0.58
R Ti Fe Si Mn C )
Ti - 459 16 x m Bal. 0.04% 0.01 0.002 0.01 0.23
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