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The mechanical properties of the f ixl-bea- ing portion 
of the Fermi Feae-tor Core R f u e l  e1.emen-L ha.ve been Ltives%i- 
gated. Data are presenzed on the m r i a t i  on w i t h  tcrnperatiu.r 
of elastic modulus y i e l d  strength, t e m i l e  strengtlL, and 
elongation of the UOz-Lype 347 s ta in les t3  steel c~xmei;. 
Strain-fatigue data st 115(I0F, 120 cycl-es per how,  
discussed. Typical micros t ruc twes  before 2nd af%er t e s t  
are i l l u s t r s t c d  and discussed. 

also 

During the i n i t i a l  design period of the Fern1 Reactor. Ccre I3 fuel 

c k m e n t ,  it was poirted out that very l i t t l e  informrt icn  was available 

on the tnechnnfeal properties of a UO2-type 3&7 stairdes:: s t e e l  dispersion. 

These same early c;tudies pointed out that  
be met in the element were those of high thenrml.. s t r e s b  and cyc1 . l ' ~  

I.osding. 

conditic7n:- m e t  likely to 

As a result of tile above, a mrie ty  of t e s t s  were performed (si1 

simul'zted f u e l  plate materlsi  coritaining depleted UOz a 

s-fsted of tensile ' tests bo genera-ke data on zlatstic modulus, yield and 

tensile strengths and d u c t i l i t y  vs temperature It Isothermal- strain 

fati-me w a s  alscl inves t iga ted .  

%he tes'alKq con- 

ST'XXM33M DESIGIV AKD COMFOSITSOT7 

Sheet tensile specimens were taken from fuel  plates fahrlcnrted by 

procedures similar t o  those developed for the Core B f u e l  element.' 
Tlie fuel  plates consisted of 36 w t  $ spheroidal UOz ('G5-l49-~ diarn) 

'5. K. Cherubini, R, J. Beaver, and C .  F. k i t t e n ,  SI-,, Fabricat ion 
Development, of U02-Stainless Steel. Composite Fuel Plates f o r  Core B of 
the Enr1c.o Feml Fast Breeder Reactor, ORNL-3077 ( A p r i l 4 ,  1961)+ 
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dispersed i n  s i l i c o n - b e a r i w  type 347 s t a i n l e s s  s teel  powder, pressed, 
sintered,  and coined. The resu l t ing  ce-met w a s  then clad with wrought Lype 

347 s t a i n l e s s  s-beel by a roll-bonding process. The specimens were 

oriented both p a r a l l e l  and transverse -to the plate  r o l l i n g  aiyectlion. 
The sheet specimens were provided with s t a i n l e s s  steel .  pads a t  the 

shoulders t o  minimize yielding at the  pinhole .  Figure 1 gives sheet; 

specimen d.imensi0n.s and tolerances.  

Strain-fat igue spc cimens were prepared by brazing a fuel.. p la te  

sect ion between two sk i -n l e s s  s t e e l  h a l r  rounds and rnachinihg t o  the 

dimensions shown i n  Fig. 2 .  

EQUIPMENT MID PROCEDURE 

'The e l a s t i c  mod1il.u~ vs temperature da ta  were obtained by incrc- 

menta1l.y loading sheet specimens i n  3 dead-load c ~ e p  fi-am. 

extensometers were attached t o  the specimen gage portion. 'Be r m m -  

tempe-rature dynamic modulus w a s  ob-kainefi on an Elastomat. 

Precisj-on 

A Raldwin 12,000-lb t e s t i n g  rnachine w a s  used for t e n s i l e  t e s t i n g ,  

Strain-fatigue t e s t s  were performed i n  a t e s t  frame incorporating 

a pneumatic valve operator load-iny system w i t \  controll.ed cycle time 

and a Mgh magnification extensometer t o  control  the  s t r a i n  l i m i t s  e 

This machine j.s a somewhat modified version of -the one used f a r  re laxat ion 

t e s t i n g  by Kennedy and Dmglas, 2 

In all- cases, elevated-%emperatv3?e t z s t s  w e ~ e  performed i n  resistance- 
wound. furnaces; and, except f o r  the tensi3.e t e s t s ,  t h e  s p z c h e n s  were 

pratec-ted from oxldati.on by a blanket of flowing arrgon. 

KESULIL'S AND CONCLUSIONS 

The e l a s t i c  modulus (E) vs temperature f o r  the  UOz-type 347 s ta in-  

less  s-beel cermet i s  p lo t ted  iri Fig. 3; a similar curve f o r  type 347 
stainless s t e e l  i s  given f o r  comparison, A dispers ion of 36 w-t $ U O ~  in 
t y p  34.7 s t a i n l e s s  s t e e l  results i n  a s t ruc ture  made up of approximately 

30 vol $ oxlde and 70 vol $ s t a i n l e s s  s t e e l .  This f a c t ,  al.ong with the 

observation from Fig, 3 t h a t  a curve corresponding t o  80$ of E for .hype 

2C. R. Kennedy and D. A. Douglas, "Relaxation Characteristics of 
Inconel a t  Elevafved Temperpatiires ;' AT. So@. Tcs Ling Matex:, Prac. 60 - (1961 1 . 

C. 
.-. 
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WCLASSIFtED 
ORNL-DWG 63-2309 

0.250 Z 0.004 (TAPER 0,002)  
(MlhilMCIM IN CENTER OF GAGE LENGTH) 

I 

4.50 w 
D!MENSIONS ARE IN lNCHES 

Fig. 1. Type 347 Stainless  Steal-UOZ Tensile Sheet Specinen. 



n w
 

-- 

-IN
 

-I 

-+ -1 
0
.l 

I
,

 
.

.
 

I ' . 
'

8
.

 



5 

U NCL ASS1 FI ED 
QRNL- LR-  DWG 702Q8 

0 TYPE 349 STAINLESS STEEL 
80% OF ELASTIC MODULUS FOR 

Fig. 3 .  E l a s t i c  
Steel-36 w t  $I 'u02 and 

400 600 800 1000 

TEMPERATURE (OF) 

Modulus vs Temperature f o r  Type 347 Stainless 
Type 347 Sta in less  S tee l .  
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347 stai.nl.ess s t ee l  f i t s  the observed values o f  E f o r  UO2-type 347 

s t a i n l e a s  s t e e l ,  leads one t o  believe t h a t  the U-02 offer:; little con- 

tr:i.but,i.on t o  the resis tance t o  e1.asti.c loading, 

The t e n s i l e  properties of UOZ-type 347 stainless s t e e l ,  y ie ld  

strength,  t e n s i l e  s t rength,  and elongation a t  f rac ture  a re  presented 

graphically i n  Fig. 4. 

fol.l.ow no~na l .  trends w i t h  temperature. 

t empra tures .  

Values for- strength and d u c t i l i t y  seem t o  
k c t i l i t y  is quite low at all 

A l l  t e n s i l e  daLa have been tabulated i n  the Appendix, and Figs .  5-7 

present some t y p l c a l  t e n s i l e  ci~%ves. 

FJgure 8 shows tyl?ical photomicrogaphs of the  fuel-bearing 

structure prio-p. to t e s t i n g ,  F-igia-e 3 shows the microstructure of a 

specimen after Lensi1.e t e s t i n g  a t  1000°F. Ey observing the diffeTence 

i n  etching behavior of the oxlde p a r t i c l e s ,  it i s  seen t h a t ,  adjacent 

t o  the machined surface, some of the U02 ham been converted to U308. 
A sect ion taken at the fracture edge of a IOOOOF tensi.3.e t e s t  and 

a high msgnif i c a t i o n  photomi ci-ograpki of a n  i.ndi.vidu.al p a r t i c l e  are given 

as  Fig. loa and b, resgectlvely.  I n  t h i s  case, UO2 r i e e j ~ e ~  i n  the speci-  

m e n  was converted. -Lo U3O8 f r o m  oxygen entering a t  the f rac ture  surface. 

The i n s e t  shows a partl-ally oxtdized p a r t l c l e  a 

Strain-fat igue t e s t s  were nin a t  1.150"F and 120 cycles per hour. 

The results, pl.otted as stress range vs number of cycles t o  fa i l l i re  a.nd 

plastic strain range YS number OS cycles t o  failure, are  shom i n  

Figs.  11. and 12. 

for type 347 s t a i n l e s s  s t ee l  and UO2-type 347 stainless steel. dispersi.onw 

t&en from the l i t e r a t u r e .  " 4  

not  included. i n  t h e  f igures ,  f a i l e d  by bixkl.J.ng due to s p c i m e n  
ins -tab i 1.l t y . 

Also shown on these curves are straj-n-fatigue r e s u l t s  

Two specj.mens, the results f o r  which are 

3E, E, Baldwin, G. J. Sokol, and Lo  F. Coffin, Jr., "Cyclic Strain 
Fatigix G-budies on A I S 1  me 347 Sta in less  Steel ," Am. Snc. T e s t h g  
Mater., P r o ~ .  5 7 ,  5 6 7 4 1  (1957). 

"w. D. Valovage and R. A. Sierg ie j ,  
S ta in lcss  Steel-UO;? Dispersion Fuel Elements 

-.-- 
- --. 

ldechanicsl Properties of 
WL-3-330 (July 7 ,  1959). -9 
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Fig. 4. 
Steel-36 w t  $J U02. 

Tens i le  Properties vs Temperature for Type 34.7 Stainless 
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UNCLASSIFIED 
ORNL-DWG 53-2310 

20,000 I , ~ 1 

<-. 46,000 
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v, 
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I ROOM TEMP K ERATURE 1 
1 CROSSIiEAD SPEED: 0.05 in./inin 

t-- I- 

U L T I M 4 T F  I E N S I L E  STRENGTH = 35,395 psi 

c, Yo Y I E L D  STHLNGTH 1 ?4,480 PSI 

IL,UUU IO r L O N G A T l 0 N  = 10.5 ~ 

E ,  MODULUS OF E L A S  r l C l T Y  11.6 x 106 

0.60 0.40 0.50 0.10 0.20 0.30 0 
STR4!N ('70) 
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UNCLASSIFIED 
ORNL-DWG 63-2341 

28,000 

24,000 

20,000 
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v) 
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3 16,000 

I2,OOO 

8 0 0 0  

4000 

ROOM TEMPERATURE 

- ------ 
L-cl L-2 L-3 

ULTIMATE TENSILE STRENGTH (psi) 43,925 44,065 44,485 
0.2 % YIELD STRENGTH (psi) 25,680 24,585 25,260 

E, MODULUS OF ELASTICITY (ps i ]  
ELONGATION (%) 45 i3 44 

f7.5 X!06 46.5X4O6 19.2 X 1 0 6  

--- 
L-4 

44,76C 
25,40( 

2 0  
48.2 X i '  

I I I 
0.20 0.30 0.40 0.50 0.60 0 

0 0.10 
STRAIN (Tal 

Pig. 6 .  Typical Tensile Curves 36 wi; f U02-Tyye 34r? Stainless 
Steel Cermet. 
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UNCLASSIFIED 
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STRP.IN (70) 

Fig. 7. '&pica1 'Tensile Cwves 36 wt $6 U 0 2 J ~ p u  3 3  Staiiiless 
S t e e l  Cermet. 



Fig. 8 .  Typical Microstructure of 363 w t  $ U02+~pe 347 Sta in less  
S tee l  Cermet; As-Polished; 1OOX. 
di rec t ion .  (b) Surface transverse t o  r o l l i n g  d i rec t ion .  Reduced 20$. 

(a) Surface p a r a l l e l  LO ro l l i l l g  
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Fig, 9. 'Qqx 347 Sta in less  S t ~ e l - 3 6  wt 5 IJ02 Cermet Tenailc T'ested 
a t  1000°F in A i r ;  Specimen Cut ParalleJ to Blatc l iollJng Djroct ion.  
Etcl iant :  70% H20, 20% H202, 10% IQIOj. 1OOX. 
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UNCLASSIFIED 
ORNL-CWG 63-2343 
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Fig. 11. Stress Range vs Cycles to F a i l u r e  for Type 347 Stainless 
Steel-36 wt $UOz and Type 347 Stainless Steel .  
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On the bas is  of r a t h e r  l imi ted  data,  Jt ~pgears  t h a t  the s t r a i n -  

fCa-tigle behavior of the  cermet can be described by:  

where N = number of cycles to f a i l u r e  

E = pl.astic s t r a i n  range 

C = a constant = 0.19. 
P 

Metal.J.ography- of 8 s t ra in- fa t igue  specimen is shown Fig.  13* 

The argon blanket prevented formation of U30,. as i s  apparent frorn the  

et,ched high magnification phcjtoniicrograph of a n  individual partic1.e 

located a-t the fm-acture. 

One strain-fatigue -test ,  a l s o  na t  inc1.iided in Figs.  8 and 9, w a s  
I W ~  i n  a i r .  A composite of photomicrographs taken a t  various loczbions  

j.n the specl.men i s  given as E'ig. 14e Examination of E'ig. 14 reveals 

t h a t  conversion of UO2 til U308 occurred a t  locst ions re rnot~  from t h e  

surf ace. 

It can be easily shown t h a t ,  fo r  th.e s i z e  par t ic les  under con- 
s iderat ion,  the i.n@r.ease i.n .volume due t o  formation of the higher oxide 

can r e s u l t  i n  s t resses ,  i n  the matri.x immediately adjacent t o  the particle, 

exceeding the st rength of the s t a i n l e s s  steel..  These stresses vere 

probably responsible for the e a r l y  f a i l u r e  which was observed. wi-th t h i s  

specimen. 

All. strain-fst1g-w data  a rc  presented in -the Appendix. 
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Fig. 13, Type 347 Sta in less  S t e e l 4 0 2  Cermet S t r a i n  Cycled i n  
Test No. 91.9: Plastic s t r a i n  range - 0.0014 in./i.n.; Stress Argon. 

range - 32,000 psi; Cycles t o  f a i l u r e  - 15,600. 
lOOX. (b) Etchant: '70% 320, 20% 3 2 0 2 ,  10% HN03; 5OOX. Reduced lo$. 

(a) As-polished; 
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1 - 4 5 7 0 5  IWX AS miiw Y-45699 5OOX ETCI4ED 

UNCLASSIFIED 
Y-45936 

Y - 4 5 7 0 1  N9CHINED SURFACE 2 0 0 X  ETCHED 

Y-45698  U f ~ A T F I ( A C T I J R E  tDGEPOLAAlZLDLlGHl FRACTURE EDGE 2WX ETCH€I) Y - 4 5 7 0 4 M A C H l ~ E D S U R F I S E  IDOX AS POLISH 

Fig,  1-4. Type 347 Stainless S t e e l - U O z  Cermet S t r a i n  Cycled in Ai-s, 
Test No. 201.7: Pl.astic strain range - 0.001.6 i n . / i n - ;  Stress range - 
44,0013; Cycles to f a i l u r e  ..-. 795. Reduczd. 22%. 
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T a b l e  1. Ten: 
c 
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........ .- ............... ....................... ............. ........ .................... ~ 
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Table 2 .  Strain-Fatigxe Properties of 36 w t  4 u 0 z - T ~ ~  34t7 
Stainless Steel a t  1150°F in Argo11 

( I  20 cycles per hour) 
-_______c_ -- 

P l a s t i c  S t r a in  Range SLYCGS Range Cycles t o  ( i n .  / in .  ) (Psi  ) Failllre 
-_I_.̂  __C___.____C__-.. 0.02 50 , 000 0.25 

2 0.06 
0.005 37,500 1,500 

0.0014 3? ,000 15,600 

50 , 000 

0.00/,5 32,300 769 

795" 
.. " 

44,400 
-.- 

0.0016 
cI_- ___.-w..rr__ 

a 'Ilested in air. 
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