
~XD -

c 

LA-UR- 0 I - ~ ~ f 

Title: Fuel Technology for Radioisotope Heater Units and General 
Purpose Heat Sources, Inclusive of a Historical Review 

Author(s): Elizabeth M. Foltyn (NMT-9) 

Submitted to: Vugraphs for oral presentation at Space Technology and 
Applications International forum (STAIF-2001), February 
11-15,2001, Albuquerque, NM 

. . ' 

Los Alamos 
NATIONAL LABORATORY 
los Alamos Nalton8llebonllory, ..,elfinneliw ediorJequIII oppIIf1UnIIy 8fI'IClIoyer,IS operae.d ~ h UrY.wsIy 01 ~ b.". U.S. 
[)epaf1men10l Energy under c:onIIXt W·7405-€NG-36. By ~ 01 this enide, the PIbIIIw ~ fIeI .... U.S. GeNa ••••• 
ralalrw a nonexdua/Ye, roy8Ity.!ree IicenM 110 pubIiah or AIpfOClIce .... pubIIIhed tonn 0I1hi1 c:ondJuIIon, or 110..,. 0IIwa 10 do 80. b U.S 
ao-mwtI purposea.los Alamos N.cioneI ~~!NIh PIbIIIw idenIIfy" enIde_WOdI performed ....... 
IIUSpioes 01 the U.S. 0epar1menI 01 Energy. 1..01 AI8moa NdonaI L.abor-.y III"ongIy IUpportI ec:.dImc "'-'om 8nd. i I d.', itgNlIO 
p!AlIiah:.en 1naUUion. r-, the UbcnIorycto. noI encbM h ~oI.pubIQtign or ~"1ec::hnocIiI CCI"'_. 

F_83SI8I8O) 

• as : --- ,!----



xo-

Fuel Technology for Radioisotope 
Heater Units and General 

Purpose Heat Sources 

Liz Foltyn 

Power Source Technologies 

Los Alamos National Laboratory 

Fuel Forms 

• Pu metal Early 1960's 
- Transit (navigational) 
- Lower operating temperatures 

'. 

• Pu02-Mo cermet Late 1960's-early 
1970's 
- Nimbus (meteorological) 
- Pioneer (planetary) 
- Viking (Mars) 

Fuel Forms (continued) 

• Pressed OXide (cont ) 
- General Purpose Heat Source (GPHS) 

, 980's to present 
• Galileo (Jupilor) 

• Ulysses (sola.) 

• Cassin. (Saturn) 

- Light Werght Radlo.sotope Heater Unrt 
(LWRHU) 

Characteristics of 238PU 

Half-life = 88 years 

Principal Decay Mode a (-5.5 MeV) 

Specific Power = 0,568 Wattlgram 

Neutron emissions 
- Sponlaneous fis6ion : -3000 nJsJg 

- (a,n) reaclions wilh nalural O. F, elc ~>20,OOO 

g from decay products of ]J6pu 

Typical Enrichment: 80-86% mpu 

Fuel Forms (continued) 

Oxide microspheres: Late 1960's-early 
1970's 
- Apollo (lunar) 

• Pressed oxide 
- Multihundred Wan (MHW): Mid 1970's 

• LES (communicalions) 

• Voyager (planelary) 

, , /w-:., 

Requirements for Pressed 
Pu02 Fuel Form 

• Power Density 

• Crack Resistance 

• He Release 

• Impact Properties 
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Process Flow 

• 1(,0 I:xchange to reduce neutron emission 
rate 

• Milling to achieve desired particle size 
distrihution and morphllillgy 

• Slugging Hnd screening to produce granules 
of si/.e desired t < 125 Jlm) for hot pressing 

• Granule SC<Isoning to tilrm reactive and 
nonreactive components 

Direct Fabrication Efforts 

• Potential tilr reducing processing steps 

• Approach: 
lise wllr",r a'-plecipilah:d malc,.;.1 (l'Ir") III 
preclude nec-d li'l milling lind granule 
ItlnllHlilln 

I\djusllnp densilY hy plesinleling 10 ledUc.: 
pdlct inlcnlol slr..:ss..:s Irnm compacllOn 

1/'0 Exchange 
Neulrun I.."11USSllIl1 " li'um 2 mccham " m~ 

Srlllfll.mcllu< Ii ,,,n t~ItMln" ~ :I·!'U 

( .Jlrlu. Ih:llll ,m ) "· ,Idlom." If.111I 1.1" Il'kIl\L'n(~ 

• IIr r 

J<alc or cxl.:!umg..: dClll.:1l!.Js lill 

h"fllpc:ralua', r.IJllllnC'.H 7Il1h(' 

1'1t J1ld~ ~1/:t' I.h"ll,hull nn 

Surl.JLC n:' ,H:I!\' I(\ 

( · ,\Il\:\.'nll .ll lll11 , . , 1'( I 111 Cdrrlcr k:.I\ 

'\rc.1 .lv,II L,hh' I," h~<I(lI\lll 

Process Flow (cont) 

• Die preparation and loading 

• Ilot pressing 

• Post-press sintenng and pellet storage 

• Encapsulation 

• Nondestructive evaluation 

'ff' 

Sol-Gel Preparation of Feed 
Material 

• Pot~:ntial to improve m@rostructural 
homogem:ity, stoichiometry 

• Would minimize worker exposure amI 
oxide dust 

• Small-scale experiments in dcsitm phase 

RadinlVlic degrad.lion "" IIlganics 

Produclion of mixed wasle 
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The Future 

• Strcamlinoo Processes 

• !)u~1 Minimization 

• Automation 

• Improved I'ropcr1ics 
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Neutron Emission Rate at Several Processing Steps 
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Neutron Emission Rates Before and After Processing 
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