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Fabrication of the Tubed Functionally Graded
Material by Slurry Dipping Process

Akira Kawasaki*
Ryuzo Watanabe*

Summary

This report is the PNC contract research for year of 1995 titled “Formation of TVSUS/Mo
graded layer by slurry dipping”.

Fuel cladding material for FBR is used under a severe environment. The life of conventionally
used SUS316 is known to be only two years. The development of long-life core material
having high temperature strength, radiation resistance and corrosion resistance property is
now essential. To create a super-long-life core materials for FBR it seems promising to
employ the concept of functionally gradedmaterials, in which these different materials are
configurated with grading: as base material is used SUS316 stainless steel, the inner wall is
made of Ti for the radiation fesistance and corrosion resistance property against the fusion
products with graded intermediated layers towards the base metal and the outer shell is the
graded Mo layer for the corrosion resistance against liquid sodium.

In this year, the formation of the graded inner layer of Ti/SUS316 as well as the graded
outer layer of Mo/SUS316 by slurry dipping was investigated. Prior to fabricate the FGM
layers, optimization of slurry was discussed. The key point of slurry dipping process is to
prevent the particle settling in a slurry during dipping and to control the thickness of dip-formed
layers on a substrate. In this study, on the basis of the stabilization mechanism of particles in
a slurry, the concentration of dispersant and binder in a slurry has been optimized so as to
prevent the particle settling. Then, the viscosity of a slurry has been presented as a function
of powder and binder concentration in the slurry, in which Mori-Ototani’s viscosity equation

-1s mainly considered. The use of this viscosity equation allows us to show the relation
between the slurry composition ( powder and binder concentration) and the thickness of
dip-formed layer. According to the relation presented as processing maps, FGMs have been
fabricated, in which the thickness of the layers and the compositional distributions are controlled.
Cylindrical green compacts of SUS304 stainless steel powder and Al,O, 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
experimental values of the thickness of graded layers and compositional profile showed good
agreement with those of the designed values. The evaluation of the FGMs as well as non-FGMs
was 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 EF#HEKOMEY
SERRAE Mo 02 Fe
Mo (M12F) 0.94 ym 99.9% 1.02 0.0024
ERREE Fe Ni Cr Si Mn 0
SUS-304L| 3.90 x m Bal. 10.59% 18.05 1.16 0.11 0.58
S RE Fe Ni Cr Mo Si Mn Cu C p 9]
SUS-316L| 3.9 um Bal. 12.41% | 1653 2.14 0.86 0.11 0.05 0.025 | 0.025 | 5130(PPM)
SR Ti Fe Si Mn C 0
Ti - 459 16 um Bal. 0.04% 0.01 0.002 0.01 0.23

200-96 T096[L ONd



Table.2-2 HEFIOE
NaHMP PAANa PVA
FE R MEYCEBIE |7UUNRKUT—| ESNRRYv—
BT (NaPQO,)s [CH,CH(COONa)], | [CH,CH(OH)],
EEE 6 n=500 n=2700~7500
14> e P JSZF
JKBRDPpH| 6.7 (0.2%) 7.0~7.5 (30%) 7.0
= r{kiEeE
DuiE | BERRS WEIHEE | uemersy
om ) 7IVHYRIT
zofe |[ROREEFTHX| oONam st [fEam e Lt b

D

1.0

200-96 T096[L ONd



Table.2-3 FEMEXICHTH9EBODR & BERINE

Powder \\Dispersant PVA
Mo A
SUS A
Ti O

SRR ORERINRE IR OFIE (ml) (ST 2HME (mg) TRF

727120 MROFE=ROEEXIRDOEREE

200-96 T096[L ONd



Table.3-1 TBHEK XS U~ DIER DR
o - 75%Mo- 50%Mo- 25%Mo- o
100%Mo | sswsus | sowsus | 7swsus | 100%SUS
452 2.34 2.40 2.34 261 317
Vv 4.92 4.81 4.46 4.29 3.09
. 75%Ti- 50%Ti- 25%TT- )
100%T 1 oeoisus | sowsus | 7swsus | 100%SUS
452 5.78 4.31 3.91 3.35 3.7
1/ gve 2.05 287 3.04 3.12 3.09

200-96 T096[L ONd
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