} X0 =

LA-UR- ¢/ - &l

Approved for public reiease;

diistnibution is unbimited.

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
Laos Alamos National Laboratory, an affimative action/equal opportunity ampioyer, is operated by the University of Californis for the U.S.
Department of Energy under contract W-7405-ENG-36. By acceptance of this articie, the publisher recognizes that the U.S. Government
relains a nonexciusive, royaity-free license to pubish or reproduce the publishad form of this contribution, or 10 aliow others o do so. for U.S
Govemment purposes. Los Alamos National requests that the publisher identify this articie as work performed under the
auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher’s right 1o
publish; as an institution, however, the Laborstory does not endorse the viewpoint of a publication or gusranies its techrnecal correciness.
Form 836 (6/00)

- s . - )



X0 =

| AL R ol 8Ll

Fuel Technology for Radioisotope
Heater Units and General
Purpose Heat Sources

Liz Foltyn
Power Source Technologies
Los Alamos National Laboratory
7

Characteristics of 238Pu

« Half-life = 88 years
« Principal Decay Mode: a (~5.5 MeV)
+ Specific Power = 0.568 Watt/gram
+ Neutron emissions
- Spontaneous fission: ~3000 n/s/g
- (a.n) reactions with natural O. F, etc ->20,000
+ g from decay products of 2%6Pu
= Typical Enrichment: 80-86% 238Pu ==

Fuel Forms

« Pumetal Early 1960's
- Transit (navigational)
- Lower operating temperatures
* PuO,-Mo cermet Late 1960's-early
1970's
— Nimbus (meteorological)
- Pioneer (planetary)
- Viking (Mars)
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Fuel Forms (continued)

= Oxide microspheres: Late 1960's-early
1970's

- Apollo (lunar)
» Pressed oxide

— Multihundred Watt (MHW). Mid 1970's
» LES (communications)
+ Voyager (planetary)

Fuel Forms (continued)

* Pressed oxide (cont )
- General Purpose Heat Source (GPHS)
1980's to present
» Galileo (Jupitar)
« Ulysses (solar)
» Cassim (Saturn)

- Light Weight Radioisotope Heater Unit
(LWRHU)
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Requirements for Pressed
PuO, Fuel Form
« Power Density
« Crack Resistance
He Release
* Impact Properties
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Process Flow

Process Flow (cont)

¢ 160 lixchange to reduce neutron emisston * Die preparation and loading
fule ¢ ot pressing
* Milling to achieve desired particle size 5 :
Aillhing t o Post-press sinte sllet st ;
distribution and morphology I.‘M press ?mu,nng and pellet storage
* Slugging and screening to produce granules ¢ l:ncapsuluu(Tn '
of size desired (<125 pm) for hot pressing ¢ Nondestructive cvaluation
» Granule seasoning to form reactive and
nonreactive components P
( ]
. o Sol-Gel Preparation of Feed
Direct Fabrication Efforts pard
Matenial
« Potential for reducing processing steps * Potenual to improve m@mslrucluml
« Approach: homogeneity, stoichiometry
Use coarser as-precipitated material (Pu') to * Would minimize worker exposure and

preclude need for milling and granule
tormation

Adjust tap densily by presintering to reduce
pellet internal stresses from compachion

oxide dust

Small-scale expenments in design phase
Radiolytic degradation ol organics
Production of mixed waste ~

1“0 Exchange

= Neutron emussions from 2 mechanisms
Spontancous tission W00 pivy PPy
(alpha, neutron) reactions from luw / elements
< e ¥
OO IR 0 0% ratural shundance
= Rate of exchange depends on
Temperature, rapid near 7004
I"aticle size distnibution
Surtace reactivity

Concentration of 'O n carner pas

Arca avathable tor reaction /‘.

ometre s Emseems Sow o | oow i ¥ mesoning Tups.
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The Future

Streamlined Processes
Dust Minimization
Automation

Improved Propertics
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GENERAL PURPOSE:HEAT SOUR
FUEL P ROCESS.

BALL MILL
M TO NORMALIZE PARTICLE SIZE

-

FINAL SCREENING
TO BRING BOTH FRACTIONS
TO LESS THAN 208 i m

ANALYSIS

GRAPHITE FURNACE

0-16 EXCHANGE OR HELUIM RELEASE
TO LOWER NEUTRON EMMISION (775 C 1000 C)
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PO AL

TO CLS-1 ANALYSIS

GRAPHITE FURNACE

SLUGGING AND SCREENING | GRANULE SEASONING AT 1000 C AND 1600 C
PROVIDES DESIRED GRANULE SIZE TO SINTER GRANULES AND
ESTABLISH PELLET MICROSTRUCTURE

R T r QUALITY ASSURANCE '
JOCLSVANALISE m ) DOCUMENTATION |
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MIX GRANULE FRACTIONS : WEIGHING OF  Reee o 7| HOT PRESS DIE xR HOT PRESS PELLET
2 e | BLENDED CHARGE | CHARGE LOADING f

)

EXTRACT PELLET 1  WEIGHING AND i 7 IRIDIUM CLAD !
FROM HOT PRESS DIE | DIMENSIONING PELLET : GIRTH WELD

| DECONTAMINATION peE 2 © FUELED CLAD I ' “| PACKAGE FOR SHIPMENT
IRIDIUM CLAD P _ ll ACCEPTANCE MEASUREMENT : : : v '
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n/s’gram 238Pu
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Neutron Emission Rate at Several Processing Steps
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Neutron Emission Rate at Several Processing Steps
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Neutron Emission Rates Before and After Processing

30000

25000

15000 -

n/sigram 238PU
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as granules as granules as granules
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