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ISOTOPIC POWER FUELS MONTHLY 
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Eugene Lamb 

CURIUM-244 FUEL DEVELOPMENT 

(Division of Space Nuclear Systems Program 04 30 05 0 3 )  

Curium-244 Oxide Fuel Development and Properties 

Heat Capacity of 244Cm203 

Various tools necessary to handle the 244Cm203 heat capacity sample 
were made, and a trial run for loading the sample into the experimental 
apparatus was successfully carried out. 
initiated following minor adjustment to the instrumentation. 

The experimental run will be 

Vented Capsule Fuel Form Study 

The installation of a high-temperature, high-vacuum furnace for the test- 
ing of fuel forms in vented capsules was started, The test is to simulate 
and study the effects of space-like conditions on the fuel form of a 
prototype vented capsule, The helium release characteristics of the 
fuel form will be determined, and the residual atmosphere in the furnace 
and the possible vapor species from the fuel form will be measured. 
FoLLowing the exposures at temperature, the specimens will be sectioned 
and examined for compatibility effects, The test facility enclosed in 
a shielded alpha glove-manipulator cell consists of a Brew-type furnace, 
a turbomolecular pump, and a quadrupole mass spectrometer for analyses 
of gaseous and vapor species, 

Curium-244 Cermet Fuel Development and Properties 

This task involves the preparation of sized 244Cm203 particles for use 
in cermets and the determination of ranges of fabrication parameters for 
noble meta1344Cm203 cermets e The preparation of cermets requires sized 
particles of CqO3 which are incorporated into the metal matrix to form 
the composite fuel, 
particles, the ion-exchange procedure offers the potential advantages of 
efficient utilization of 244Cm without recycle, adaptability to manipu- 
lator cell operation, and simplicity of procedure. 

Of the several methods available to produce sized 

Our aim is to develop cermet fuel forms with the most desirable combina- 
tion of properties and to reduce the in-cell development requiring curium, 
We are specifically attempting to structure the cermet to provide for 
helium release ., 
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Preparation o f  Sized 244Cm203 Part ic les  

D i f f i c u l t i e s  were encountered which were caused by v a r i a t i o n s  i n  commer- 
c i a l  ion-exchange r e s i n s .  The two r e s i n s  which had been previous ly  used 
s u c c e s s f u l l y  were Rexyn 102H and IRC-72. 
of Rexyn 102H t h e  p a r t i c l e s  d i f f e r e d  apprec iab ly  from t h e  o ld  r e s i n  i n  
phys i ca l  form and i n  ion-exchange capac i ty .  Tests wi th  t h e  r e s i n  were 
abandoned. 
n a l  capac i ty ;  however, many of t h e  beads were observed t o  break  i n  both  
t h e  loading and t h e  carboniza t ion  s t e p s ,  
encountered i n  earlier tests wi th  c e r t a i n  except ions ,  
batch of very  h igh ly  bonded materia) had been badly broken and beads 
which had been i n i t i a l l y  i n  t h e  NH4 
za t ion ,  
carboniza t ion  caused a l l  types of beads t o  break,  

The breaking of beads dur ing  loading  was e l imina ted  by a change i n  pro- 
cedure t o  e l i m i n a t e  a g i t a t i o n  dur ing  loading ,  
developed which ope ra t e s  on t h e  p r i n c i p l e  of t h e  c o f f e e  p e r c o l a t o r  i n  
which t h e  s o l u t i o n  p e r c o l a t e s  through a bed of t h e  r e s i n ,  
do not  break  dur ing  loading  when t h i s  appara tus  is  used. 

I n  a r e c e n t l y  purchased ba tch  

A new ba tch  of IRC-72 was t h e  same i n  appearance and i n  nomi- 

This  d i f f i c u l t y  had n o t  been 
The beads of a 

form tended t o  break  dur ing  carboni- 
It a l s o  had been found t h a t  t h e  presence of oxygen du r ing  

A loading  appara tus  was 

The beads 

The carboniza t ion  cyc le  was observed us ing  a ho t  s t a g e  microscope. 
found t h a t  breaking  always took p l a c e  i n  t h e  temperature  range of.460-500°C, 
The breaking was always v i o l e n t ,  and p i e c e s  were hur l ed  a c r o s s  t h e  micro- 
scope s t age .  I n  some cases escaping vapor could be seen ,  
of t h e  beads a l s o  occurs  i n  t h i s  temperature  range,  
when t h e  beads s h r i n k  t h e  permeabi l i ty  of t h e  o u t e r  s u r f a c e  is  reduced. 
The p res su re  of t h e  organic  vapors  generated by t h e  decomposition of t h e  
organic  material i n  t h e  i n t e r i o r  of t h e  bead causes  breaking.  It w a s  found 
t h a t  breaking could b e  reduced t o  a low l eve l  i f  t h e  loaded r e s i n  were h e l d  
a t  a temperature  of 430-450OC f o r  2 o r  more hours  be fo re  t h e  c r i t i c a l  tem-  
p e r a t u r e  range i s  reached. 
t o  430°C without  damage, This i s  t r u e  whether t h e  r e s i n  i s  w e t  o r  dry  a t  
t h e  beginning 

It was 

Rapid shr inkage  
It was concluded t h a t  

The r e s i n  can be  hea ted  r a p i d l y  (40-50°C per  min) 

When breaking occurs  because of t h e  presence of oxygen t h e r e  i s  no vio- 
l e n t  a c t i o n ,  b u t  c racks  simply appear.  
p i eces  which may o r  may not  remain p a r t l y  a t t ached .  This  breaking 
apparent ly  i s  caused by i n t e r n a l  stresses, 

It has been found t h a t  t h e  presence of a trace of carbon i n  Gd2O3 beads 
i n t e r f e r e s  w i t h  s i n t e r i n g ,  
a l l  carbon was destroyed.  However, when a vacuum hot-press  fu rnace  was 
used, poor r e s u l t s  were obta ined  un le s s  t h e  sample was oxid ized  w i t h  g r e a t  
thoroughness ahead of t i m e .  
This f a c t  n e c e s s i t a t e s  a change i n  t h e  planned h o t - c e l l  equipment. 
z a t i o n  and ox ida t ion  i n  a nichrome-wound furnace  had been planned,  
w a s  t o  be  followed by s i n t e r i n g  i n  a vacuum hot-press  furnace .  
seems l i k e l y  t h a t  a s i l i c o n  carbon element furnace  w i l l  be  used f o r  carboni- 
z a t i o n ,  ox ida t ion ,  and s i n t e r i n g ,  Fu r the r  s i n t e r i n g ,  however, might b e  
requi red  i n  t h e  vacuum hot-press  furnace  because of t h e  h ighe r  temperature  
requi red .  

Beads o f t e n  s e p a r a t e  i n t o  s e v e r a l  

I n  a i r  s i n t e r i n g ,  t h i s  made no d i f f e r e n c e  s i n c e  

One hour a t  900°C i n  a i r  was n o t  s u f f i c i e n t ,  
Carboni- 
This  

* 

It now 
b 
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He1 i um Re1 ease f rom Cermets 

Tests to determine the effect of alpha damage on the helium permeation 
of metals were initiated,l 
contact with 244Cm203 
has been observed. 
in the next experiment, 

After 4 weeks of exposure of aluminum in 
no measurable permeation of aluminum by helium 

A new test material, molybdenum foil, will be used 

Cermet Tes t  Program 

Strength deterioration and reduced helium permeability of 244Cm203-bearing 
cermets upon aging are of particular concern to the development of a cer- 
met fuel form, 
During this reporting period, the aging of the simulant material at 1500'C 
was interrupted for 2 weeks because of a defective rheostat. To achieve 
the desired thermal treatment, aging of these specimens will be extended 
to June 5, 1972,  Evaluation of the simulant material aged at 1200°C and 
<2 x torr for 1000 hr is in progress, 

We are investigating these effects in Mo-Tho2 compacts, 1 

Meta l lography  o f  Curium Source T e s t  Fuel 

The x-ray diffraction study of the fuel sample from the Curium-Source 
Test was terminated. 
ever, due t o  high radiation levels from the 244Cm no conclusion as t o  
impurities o r  concentration could be made, 

The study showed that the fuel was 244Cm203. How- 

Impact T e s t i n g  o f  Heat Source Mater-ials 

Sabot Heaters 

The toggle brackets for the sabot heater electrical connections were 
installed in the impact gun gas chamber, and a heater has been tested 
in the gun, The following data were recorded during this test: 

Time 
(mid 

0 
10 
20 
40 
55 
65 
80 
90 
120 
130 

P 

Heater Power 
(W> 
50 
100 
150 
200 
225 
225 
250 
270 
270 
270 

Temperature of Heater 
Cavity ("c)~ 

750 
810 
870 
915 
9 82 

10 10 

%easured with optical pyrome%er, 

lEugene Lamb, Isotopic Pouer Fuels MQE&~.ZLJ Status Report for  March 6972 ,  
ORNL-TM-3'796, Oak Ridge National Laboratory, 
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The impact gun sabot  g r ippe r  was energ ized  wi th  t h e  h e a t e r  a t  t h e  maxi- 
mum temperature  t o  test t h e  system a t  temperature ,  G a s  could b e  heard 
escaping around t h e  sabot  dur ing  t h e  test ,  and only 150 p s i g  &as pres-  
s u r e  could be  maintained on t h e  system wi th  t h e  gas r e g u l a t o r  wide open. 
The gun was disassembled, and t h e  g r ippe r  was dimensional ly  in spec ted ,  
A 0,006-in0 permanent d i s t o r t i o n  was found i n  t h e  c e n t e r  of t h e  g r i p p e r  
i n d i c a t i n g  t h a t  t h e  g r ippe r  and gun had expanded more than had been an- 
t i c i p a t e d .  
only an i n s i g n i f i c a n t  amount because of t h e  l a r g e  h e a t  s i n k  of t h e  gun, 
i t s  l a r g e  e x t e r n a l  s u r f a c e  area, and good thermal conduct iv i ty .  However, 
t h i s  appears  not t o  be t h e  case, and a tes t  series is  being conducted 
t o  determine t h e  expansion t h a t  w e  should expect  t o  see i n  t h e  g r ippe r  
mechanism a t  va r ious  temperatures .  
two of t h e s e  tests: 

It had been expected t h a t  t h e  g r i p p e r  and gun body would expand 

The fo l lowing  d a t a  were recorded i n  

Heater Temperature of I D  of Gripper  OD of Heater 
Test Power Heater ("C) ( i n  ) ( i n , )  
No 0 Ho t Cold 

- _ I  

Cavity J a c k e t  Hot Cold (W> - - - 
1 2 70 9 75 207 2,777 2.769 2,765 2.749 

2 150 750 140 2 .774  2 .769  2,759 2,749 

The 0.012- and 0.015-in. c learances  between t h e  sabot  and g r i p p e s  are too  
l a r g e  f o r  the g r ippe r  t o  seal  e f f e c t i v e l y .  The most probable  impact t e m -  
p e r a t u r e  f o r  curium f u e l  materials is 700"C, t h e r e f o r e ,  new sabo t  h e a t e r s  
are being s i z e d  f o r  t h e s e  condi t ions .  A s  o t h e r  tests are made a t  d i f f e r -  
i ng  temperatures ,  t h e  sabot  h e a t e r s  w i l l  be  s i z e d  f o r  t h e  d i f f e r e n t  
temperatures.  

I 

Two manufacturers  of thermal  i n s u l a t i o n  f o r  t h e  sabo t  h e a t s s  responded 
to a reques t  for c o s t  estimates on 100 of t h e s e  i t e m s .  
Corporation submit ted an estimate of $28.35 p e r  i n s u l a t i o n  cup us ing  
Min-K 2000* and Union Carbide submit ted an  estimate of $10.00 p e r  insu la-  
t i o n  cup us ing  Zircai.** 
wi th  Union Carbide i n  mid-May. 

Johns-Manuille 

An o rde r  f o r  100 i n s u l a t i o n  cups w a s  p laced  

Velocity Measurement System 

The baser  beam v e l o c i t y  measurement system has  been completed and has 
proven s a t i s f a c t o r y  dur ing  c a l i b r a t i o n  tests. 
i n s t a l l e d  f o r  t e s t i n g  wi th  t h e  impact gun. 

The system i s  now being 

*Johns-Manville Corporation trademark, 
**Union Carbide Corporat ion trademark. 
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Curium Heat Source 

The 1000-W curium heat source is to be removed fram its storage container 
and the curium fuel recovered. 
container and removing the fuel from the tungsten capsule have been 
fabricated. 
in June 

Several tools for opening the storage 

Work on opening the storage container is scheduled to begin 

APPENDIX 1 

Cur? um-244 Inventory 

Weights are in terms of 244Cm isotope in elemental form. 
is received from Savannah River Laboratory as 244Cm02-x powder and is 
stored in that form. 

Raw material 

Cumulative Receipts and Usage 

Cumulative Receipts from SRL 

Allocated to 04 Heat Source Program 
Current Use in ORNL Test Program 
Analytical Samples from Test Program 
Shipped to Lovelace Foundation 
Shipped t o  SRL for Analysis 
Test Program Residues for Recycle 
Discarded to ORNL Tank Farm 

Raw Material Inventory, 04 Heat Source Program 

Allocated to 05 Transuranium Program 
Transferred to TRU 
Shipments to Other Sites 
Transferred to Target Fabrication Group 

Raw Material Inventory, 05 Transuranium Program 

Total Raw Material Inventory on May 31, 1972 

Curium-244 (g) 

2488 

1866 
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