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This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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INTRODUCTION 

This report is the second of a series of reports to 
summarize progress in the Savannah River Laboratory (SRL) ̂ ^^Pu 
Fuel Form Program; this program is supported by the AEC Division 
of Space Nuclear Systems (SNS). 

The SRL Program is designed to provide technical support 
for the transfer of ^^^Pu fuel form fabrication operations from 
Mound Laboratory to a new facility to be built at the Savannah 
River Plant (SRP) for startup in January 1976, and then to 
assist in sustaining the plant operations. The program includes: 

o Demonstration of processes and techniques, currently in use 
at Los Alamos Scientific Laboratory (LASL) and Mound Laboratory, 
for production at SRP, thereby providing design information 
and the data upon which technical standards and operating 
procedures will be based. 

o Technical Support to assist plant startup, and to assure 
continuation of safe and efficient production of high quality 
heat sources. 

o Process Development after startup to accommodate changes in 
product and product specifications, to assist user agencies 
in improving product performance, and to assist the plant in 
developing process steps that increase efficiency and product 
reliability. 

FAMILIARIZATION PROGRAM 

The technical program plan was submitted to the Savannah 
River Operations Office (SROO). A prime consideration is the 
selection of either the hydroxide or oxalate process for obtain
ing PuOa feed powder. SRP presently has a capability for the 
oxalate process. The additional capital and operating costs to 
provide a capability for hydorxide feed have been estimated. In 
view of the favorable developments at LASL on pure plutonium 
oxide (PPO) fabrication with PuOa from SRP oxalate feed and the 
plan by LASL to provide sufficient data to select between oxalate 
and hydroxide by the end of FY-73, SRL does not plan to do any 
work on hydroxide feed until FY-74, and then only if the results 
at LASL show that oxalate-type feed is unacceptable. This approach 
will not affect the January 1976 startup of the fuel facility. 
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A second consideration is the assumption that whichever 
head-end process is used, fuel made at SRP will require quality 
certification to assure that its characteristies are equivalent 
to fuel that has been used in the flight qualification program. 
Preliminary discussions with LASL indicate that the requirements 
for fuel certification are probably small, consisting of 
confirmation of purity, microstructure and perhaps some limited 
thermal ramp and impact tests. The program plan assumes that 
the quality certification will be performed at another site, 
probably LASL. No need for extensive "systems qualification" is 
anticipated. 

Neither overcoating of plutonia-molybdenum cermet (PMC) 
fuel nor fabrication of plutonium-iridium cermet (PIC) fuel are 
to be included in the scope of the SRP facility. Unencapsulated 
PMC disks and PPO spheres are to be shipped to Mound Laboratory. 

Molybdenum coating of PuOz shards as now performed results 
in molybdenum contents that vary from <14 to >21 wt %, outside 
the specification of 16-19 wt %, requiring extensive blending 
to obtain averages within the specification. The effort of the 
SRL process adaptation will be to understand and improve the 
basic molybdenum chemical vapor deposition (CVD) technique to 
(1) control molybdenum content to minimize recycle, recoating, 
blending and ^^ Pu inventory in line, (2) eliminate M0CI5/PUO2 
reaction and reduce chlorine content in coated fuel, (3) adapt 
fluid bed mechanics to accommodate wider variation in shard size 
to minimize oxide recycling and prevent plugging of the 
equipment with molybdenum and (4) develop and demonstrate high 
performance process equipment readily operated and maintained in 
the process cabinets. Preliminary arrangements are being made 
with Du Pont's Pigments Research Laboratory for consultation in 
this area because of their experience in CVD-fluid bed technology. 
A basic coating system is under construction at SRL for operating 
in early CY-73 with ThOa or UO2 standin. 

PROCESS DEVELOPMENT 

A Pilamec vibratory mill has been received and is being 
modified and installed for testing for ^^^PuOz shard production. 
It is expected that this mill will reduce material at up to three 
times the rate, and with one half the iron contamination of 
ball milling as evidenced by milling studies on barium ferrite. 
The reproducibility of simultaneous production and sizing of 
shards will be investigated. Attempts will be made to narrow 
the particle size distribution, thereby reducing the once-
through 40% recycle rate presently achieved from both compacted 
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Pu02 and self-calcined hydroxide cakes. The mill will also be 
used to comminute failed multi-hundred-watt (MHW) spheres prior 
to recycle or recovery. 

PROCESS DEMONSTRATION 

Twenty additional plant batches of ^^^Pu oxalate were 
precipitated by direct strike and converted to large-particle 
^^^PuOz to supply 1.5 kg of ^^^PuOz to LASL for heat source 
evaluation. As sunmiarized in the previous ^^®Pu Fuel Form 
Processes Report (DPST-72-128-1), initial plant and laboratory 
tests demonstrated that ^^^PuOa with an average particle size of 
'V'30y can be produced by adding the oxalic acid solution to the 
plutonium nitrate solution to precipitate the PuOa. In contrast, 
average particle diameter is 3 to 9p in the reverse strike 
process where plutonium nitrate is added to oxalic acid. ^'^PuOa 
as the larger particles may be more suitable for fabricating heat 
sources. Particles smaller than 4iJ are undesirable because of 
their potential for inhalation. The September tests and the 
1.5-kg production are described in the following paragraphs. 
Despite somewhat smaller particle size in some of the 20 
production batches, only 2% of the ^^^PuOa was <4]i and 74% was 
still in the 14 to 55y range. 

With the reverse strike process particle size distribution 
is very broad, ranging from <0.7 to 55y, and extensively populated 
throughout. With the laboratory direct strikes, essentially 
none of the oxide is <4ii and 90% is between 14 and 55y. In the 
first two plant tests, the respective particles average 25y 
(range 1 to 70y) and 31y (4.5 to 70y)• 

In the October series of "-'20 direct-strike precipitations 
in the H-Area B-Line, the first batch of PuOa ('̂31y average 
size with none <7y), was similar to the September laboratory 
and plant tests. The average particle size of PuOa from 
subsequent batches of direct-strike oxalate was smaller, 
averaging '̂ '17y, Changes in rate of addition of oxalic acid and 
in digestion time had little effect on particle size. Despite 
the somewhat lower than expected average particle size, only 
^^2% of the PuOa was <4y and V 4 % of the material was still in 
the 14 to 55y range as shown in Table I. 

Because this larger ^^^PuOa has lower respirable fines, in
quiries are planned to determine whether other laboratories, such 
as Mound Laboratory, would prefer this material, provided that 
further analyses in progress determine that the chemical purity 
is maintained in direct-strike production and that the oxide 
dissolves readily. 
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TABLE I: PARTICLE SIZE OF "spuQ^ 

wt % 

Laboratory Test 

Plant Test 

20 Production 

1 
2 
3 
4 
5 
6 

A 
B 
Avg 

Batches^ 
Can with largest 
particles 

Avg of 8 cans 

Can with smallest 
particles 

Reverse Strike, avg 

Avg, y 

29 
30 
34 
29 
31 
21 

'̂ 2̂5 
31 
28 

22 

17 

13 

3-9 

Min, y 

2.5 
3.5 
4.4 
7.0 
3.3 
3.3 

<1.0 
4.4 
<1 

<1 

<1 

<1 

<0.7 

Max, y 

70 
70 
88 
70 
67 
42 

70 
70 
70 

55 

55 

55 

55 

<4y 

<2 
0.5 
0 
0 
<1 
<1 

<9 
0 
<5 

<2 

<2 

<2 

30-60 

14 to 55y 

92 
89 
83 
93 
89 
80 

75 
89 
83 

85 

74 

50 

11-30 

a. '̂'1.5 kg total; packed in 8 cans. Although avg size for the cans 
varies from 13 to 22y, the <4y portion is generally <2 wt %. 
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Six direct-strike oxalate precipitations in the laboratory 
demonstrated the production of large-size ^^®Pu oxide. 
Although considerable differences were tested in rates of 
oxalate addition, concentrations of plutonium nitrate and oxalic 
acid, and variations in precedure, the average particle size of 
the PuOa in all cases except one was in the range 29 to 34y. 
This implies high reproducibility of the particle size distribution 
during production. The sole exception had an oxalic addition 
rate four times that of the original test, and had an average 
particle size of 21y. In the two September direct-strike tests 
in the plant, the procedure was similar to that in the original 
laboratory test and the results indicated that the laboratory 
results could be reporduced in plant equipment. Details of the 
laboratory tests were discussed in DPST-72-128-1, 

The procedure used initially for production of 1.5 kg of 
PUO2 in the HB-Line was similar to that for Laboratory Test 4, 
with addition of 1 to 2% of the total oxalic acid per minute. 
Because the average particle size of the ^^^PuOa was M7y 
(Table I), the rate of oxalic acid addition was decreased and 
the digestion time increased. Neither change affected the 
particle size. 

Near the end of the production campaign, the precipitator 
was flushed with strong acid between precipitations. Although 
some indication was seen of increased particle size, the results 
were not definitive. The difference in particle size between 
laboratory and plant precipitations may be a result of residual 
solid and liquid left in the plant precipitator between batches. 
Laboratory tests will attempt to determine the reason for this 
difference. The 1.5 kg of M7y PUO2 produced in the plant 
campaign will be shipped to Los Alamos. 
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DOCUMENTATION 

DPST-72-492, describing computed dose rates from ^^^Pu oxide, 
was issued. These calculations will serve as a basis for 
providing shielding and controlling personnel exposure in glove 
boxes used for process development. 

A document describing the technical program, assumptions 
and bases for the process development activities at SRL was 
issued to SROO. (C. H. Ice to N. Stetson, October 18, 1972). 

DPST-72-465 was issued on hydrogen production during 
dissolution of ^'^Pu scrap containing beryllium and brass. 

DPST-72-480, -501 and -516 were issued to the Manufacturing 
Division, describing procedures to be used to produce direct 
strike ^^^Pu oxide in HB-Line. DPST-72-433 was issued on the 
process for hydroxide precipitation. 

Metallographic requirements in support of the fuel facility 
were described in DPST-72-550. 

Several additional technical summaries are in draft form. 

PLANT TECHNICAL ASSISTANCE 

As described above (Process Demonstration), plant assistance 
was provided in support of the production of 1.5 kg of direct-
strike ^^®Pu02 for LASL. Support activities included measuring 
particle size distribution of production batches, assessing 
product purity and analyzing precipitation conditions to explain 
the "heel" effect producing slightly smaller Pu02 than found in 
laboratory tests. 

ENGINEERING 

Extensive discussion of the layout of the Building 235-F 
facility was continued between personnel from the Technical 
Division, Manufacturing Division and the Engineering Department. 
General agreement has been reached on the layout of facilities 
on the operating and support levels of the building, the design 
of cells and boxes, the 2nd level equipment arrangements, the 
throughput of air to the facility, and upon the use and location 
of a sand filter. Current economic considerations favor a 
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common inert gas system, rather than individual systems for each 
cell. 

The specifications for the hot press were generally 
established. Centorr Associates, Inc. has been retained for 
final engineering design of the press. 

EQUIPMENT AND FACILITIES 

A safety analysis review of the Alpha Materials Facility 
(AMF) has been drafted with emphasis on assessing the hazards 
associated with handling hundreds of grams of ^̂  PUO2 powder 
and fuel forms. 

The small hot-press was instrumented, checked out, and is 
now operational. Debugging of the three tungsten vacuum 
furnaces continues. A vibratory crusher and a sonic sifter are 
being modified for installation in the AMF in January. A 
molybdenum CVD-fluid bed system is being constructed for 
operation with non-radioactive material in February. Glove 
boxes for ^^0 exchange and precipitation development have been 
fabricated. 

SCRAP RECOVERY 

Operations (SRP) 

Problems with the Freon cooling system for the dissolver.were 
resolved, and the system is working as designed. Equipment check
outs and acid runs were completed without major problems. 

The first scrap dissolution was made on October 24. Through 
month-end, four dissolutions, containing 727 grams of Pu-238, 
were completed. 

Technical Assistance (SRL) 

The results of a laboratory study on the evolution of 
hydrogen during dissolution of brass and beryllium were transmitted 
to SRP for use in preparing a test authorization to cover this 
class of scrap. (DPST-72-465) 
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TRIPS AND VISITORS 

On October 19, P. K. Smith attended the ^^®Pu MHW Heat 
Source Meeting held at General Electric, Valley Forge. 

On October 27, P. K. Smith visited Pigments Research of the 
Du Pont Co., Wilmington, DE, for initial discussions of their 
consultation on molybdenum CVD-fluid bed coating. 
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