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MECHANTCAL PROPERTIES OF THE UO,~TYPE 347 STATNLESS STERL CERMET
 FOR CORE B OF THE FERMI REACTCR

g, T, Venard and R, W, Swindeman

ABSTRACT

The mechanical properties of the fuel-bearing portion
of the Fermi Reactor Core B fuel element have been investi-
gated. Data are pregented on the variation with temperature
of elastic modulus, yield strength, tensile strength, and
elongation of the UO,-type 347 stainless steel cermet.
Strain~fatigue data at 1150°F, 120 cycles per hour, are also
discussed. Typical microstructures before and after test
are illustrated and discussed.

INTRODUCTION

During the initial design period of the Fermi Reactor Core B fuel
element, it was pointed out that very little information was available
on the mechanical properties of a UDz-type 347 stainless steel dispersion.
These same early studies pointed out that the conditions most likely to
be met in the element were those of high thermal stress and cyclic
loading.

As a result of the above, a variety of tests were performed on
simulated fuel plate materiasl containing depleted UCp. The testing con-
sisted of tensile tests to generate data on elastic modulus, yield and
tensile strengths, and ductilibty vs temperature. Isothermal strain

fatigue was also investigated.
SPRCIMEN DESIGN AND COMPOSITION

Sheet teunsile speclmens were taken from fuel plates fabricated by
procedures similar Yo those developed for the Core B fuel element.

The fuel plates consisted of 36 wt % spheroidal U0, (105~149~-p diam)

13, H. Cherubini, R, J. Beaver, and C. F., Leitten, Jr., Fabrication
Development of UO,~Stainless Bteel Composite Fuel Plates for Core B of
the FEnrico Fermi Fast Breeder Reactor, ORNL-3077 (April 4, 1961).




dispersed in silicon~bearing type 347 stainless steel powder, pressed,
sintered, and coined. The resulting cermet was then clad with wrought type
347 stainless steel by a roll-bonding process. The specimens were
oriented both parallel and transverse to the plate rolling direction.
The sheet specimens were provided with stainiess steel pads at the
shoulders to minimize yielding at the pinhole. Tigure 1 gives sheet
specimen dimensions and tolerances.

Strain-fatigue specimens were prepared by brazing a fuel plate
section between two stainless steel half rounds and machining to the

dimensions shown in Fig. 2.
EQUIFMENT AND PROCEDURE

The elastic modulus vs temperature data were obtained by incre-
mentally loading sheet specimens in a dead~load creep frame. Precision
extensometers were attached to the specimen gage portion. The room-
temperature dynamic modulus was obtained on an Hlastomat.

A Baldwin 12,000-1b testing machine was used for tensile testing.

Strain~fatlgue tests were performed in a test frame incorporating
a2 pneumatic valve operator loading system wifth comtrolled cycle time
and a high magnification extensometer to control the strain limits.

This machine is a somewhat modified version of the one used for relaxation
testing by Kennedy and Douglas.2

In all cases, elevated-temperature tests were performed in resistance-
wound furnaces; and, except for the tensile tests, the specimens were

protected from oxidation by a blanket of flowing argom.
RESULTS AND CONCIUSIONS

The elastic modulus (E) vs temperature for the UOz-type 347 stain-
less steel cermet is plotted in Fig. 33 a simllar curve for type 347
stainless steel 1s glven for comparison. A dispersion of 36 wt % U0, in
type 347 stainless steel results in a structure made up of approximately
30 vol % oxide and 70 vol % stainless steel. This fact, along with the

observation from Fig. 3 that a curve corresponding to 80% of E for type

20, R. Kennedy and D. A. Douglas, "Relaxation Characteristies of
Inconel at Elevated Temperatures,” Am. Soc. Tesling Mater., Proc. 60 (1961).
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Fig. 2. Type 347 Stainless Steei-U0, Fatigue Specimen.
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Fig., 3. Elastic Modulus vs Temperature for Type 347 Stainless

Steel—36 wt % U0, and Type 347 Stainless Steel.



347 stainless steel fits the observed values of E for UOp=type 347
stainless steel, leads one to believe that the UOp offers little con-
tribution to the resistance to elastic loading.

The tensile properties of UDp-type 347 stainless steel, yleld
strength, tensile strength, and elongation at fracture are presented
graphically in Fig., 4. Values for strength and ductility seem to
follow normal trends with temperature. Ductility is quite low at all
temperatures.

A1l tensile data have been tabulated in the Appendix, and Figs. 57
present some typical tensile curves,

Figure 8 shows typical photomicrographs of the fuel-bearing
structure prior to testing. Figure 9 shows the mlerostructure of a
specimen after tensile testing at 1000°F. By observing the difference
in etching behavior of the oxide particles, it is seen that, adjacent
to the machined surface, some of the U0, has been converted to Us0s.

A section taken at the fracture edge of a 1000°F tensile test and
a high magnification photomicrograph of an individual pasrticle asre glven
as Fig. 10a and b, respectively. In this case, U0, deeper in the speci-
men was converted to Us0g from oxygen entering at the fracture surface.
The inset shows a partially oxidized particle.

Strain-fatigue tests were run at 1150°F and 120 cycles per hour.
The results, plotted as stress range vs number of cycles to failure and
plastic strain range vs number of cycles to failure, are shown in
Fige. 11 and 12. Also shown on these curves are strain-fatigue results
for type 347 stainless steel and UOp-type 347 stainless steel dispersions

taken from the literature.>’%

Two specimens, the results for which are
not included in the figures, failed by buckling due to specimen

instability.

’E, E. Baldwin, G. J. Sokol, and L. F. Coffin, Jr., "Cyclic Strain
Fatlgue Studies on AISI Type 347 Stainless Steel,”™ Am. Soec. Testing
Mater., Proec. 57, 567-81 (1957).

W, D. Valovage and R. A, Siergiej, Mechanical Properties of
Stainless Steel-UO, Dispersion Fuel Elements, KAPL-1590 (July 7, 1959).
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Fig. 8. Typical Microstructure of 36 wt % UO,~Type 347 Stainless

Steel Cermet; As~-Polighed; 100X,
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Surface transverse to rolling direction.

(a) Surface parallel to rolling

Reduced 20%.
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Fig. 9. Type 347 Stainless Steel~36 wt % U0, Cermet Teusile Tested
at 1000°F in Air; Specimen Cut Parallel to Plate Rolling Direction.
Etchant: 70% Hp0, 20% HpO,, 10% HNO3, 100X,
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Fig. 10. Type 347 Stainless Steel—36 wt % U0, Cermet Tensile Tested
at 1000°F in Air; Specimen Cut Transverse to Plate Rolling Direction.
Etchant: 70% Hz0, 20% Ha0, 10% HNO5, (a) 500X, (b) 100X. Reduced 6%.



Range
Type 347 Stainless Steel

. VLIeSS
% U0, and

Steel—36 wt



PLASTIC STRAIN (%)

15

UNCLASSIFIED
ORNL~OWG 632314
10 o 1. 1 ,,,#‘__H
T
AAAAAAAAAA I ,_;i
N T
,,,,,, i
,,,,,,,,,,,,,,,, ~ s
SR \
AAAAA N i
10 |- S - e
L 347 RT REF A :
- -

O

A 347 1112°F REF
T A 347 UO, RT REF 2

® 347 U0, 1150°F ORNL

|
f

gL ’ |l =

——

L]

IR

1
I
10°
N CYCLES

Fig. 12. Plastic Strain Range vs Cycles to Failure for Type 3477
Stainiess Steel-U0, and Type 347 Stainless Steel.



16

COn the basis of rather limited data, it appears that the strain-

fatigue behavior of the cerwet can be described by:

Nl/2 e = C

1Y

where N = number of cycles to failure

Ep = plastie strain range

C = a constant =~ 0,19,

Metallography of a strain-fatigue specimen is shown in Fig. 13.
The argon blanket prevented formation of Usz0g.as is apparent from the
eteched high magnification photomicrograph of an individual particle
located at the fracture.

One strain~fatigue test, also not included in Figs., 8 and 9, was
run in air. A composite of photomicrographs taken at various locations
in the specimen is given as Fig. 14. Examination of ¥Fig. 14 reveals
that conversion of UOs to Us0g occurred at locations remote from the
surface.

t can be easily shown that, for the size particles under con-
sideration, the increase in volume due to formation of the higher oxide
can result in stresses, in the matrix immediately adjacent to the particle,
exceeding the strength of the stainless gteel. These stresses were
probably responsible for the early failure which was observed with this
specimen.

All strain-fatigue data are presented 1n the Appendix.
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Pig. 13. Type 347 Stainless Steel-U0, Cermet Strain Cycled in
Argon. Test No. 919: Plastic strain range — 0,0014 in./in.; Stress
range =— 32,000 psi; Cycles to failure - 15,600, (a) As-polished;
100X. (b) Etchant: 70% H;0, 20% Hz0, 10% HNO3; 500X. Reduced 10%.
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Fig, 14. Type 347 Stainless Steel-U0,; Cermet Strain Cycled in Air,
Test No. 2017: Plastic strain range — 0.0016 in./in,; Stress range —
44,000; Cycles to failure — 795. Reduced 22%.
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Table 1, Tensile Properties of Typ

Steel=36 wt % UG, Cermet

e 347 Stainless

Ultimate
Tensile 0.2% %
Temp Strength Yield Elonga~
Geometry (°F) {psi) Strength tion
Bare plate, Room 43,9200 27,700 15
parallel to rolling direction Room 44,100 24,600 13
Room 44,500 25,300 14
Room 44,800 25,400 20
Bare rod, 1150 27,300 18,300 9
Parallel to rolling direction
Clad plate (0.007 in. of clag Room 37,700 25,100 10
on each surface), trangverse Room 37,200 25,000 10
to rolling direction Room 39,600 25,200 1L
~ Room 39,500 25,300 11
Bare plate, Room 35,400 24,800 10.5
transverse to rolling Room 35,100 24,700 8
direction Room 36,300 24,600 11
Room 36,400 25,500 13
Room 31,100 23,700 4.1
Room 31,700 23,500 4.3
400 24,200 13,300 2.4
400 23,800 19,9006 2.2
500 21,700 18,300 2e4
600 23,700 19,900 3.0
800 22,500 19,400 2.7
800 21,500 16,400 2.4
1000 23,000 16,200 8
1000 23,900 16,150 13
1000 24,400 16,800 8
1000 18,400 15,700 1.7
1000 21,100 16,400 2.2
1200 22,300 15,600 6
1200 23,300 15,800 7
1200 23,100 16,600 7
1200 21,800 - 4
1200 16,600 14,400 1.3
1200 19,000 15,900 1.9
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Table 2. Strain-Fatigue Properties of 36 wt % U0,~Type 347
Stainless Steel at 1150°F in Argon
(120 cycles per hour)

Plastic Strain Range Stress Range Cycles to
(in./in.) (psi) Failure
0.02 50,000 0,25
0.06 50,000 2
0.005 37,500 1,500
0.0014 32,000 15,600
0.0045 32,300 769
0.0016 4d 400 7958

am s s
Tested in air.
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