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Introduction 

This is the second quarterly progress report covering the work performed 
under the subject contracto This program is a continuation of Task 5<>00 
previously reported under Contract AT(30-l)-2389» 

Program Objectives 

This program covers the irradiation of̂ nstrumented,..fia£Sules containing 
UO2-PUO2 having compositions of interest for'Tast breeder reactors and 
forjlAitĝ niiam-xeiayclê  thermal reactors. Under the program, a set of 
fuel capsules will be fabricated and irradiated for periods ranging from 
approximately 10,000 tô Sp̂ QQO.JWTO/j'snne. The specific objectives of the 
program are: 

1) To observe relative performance between fuel pellets prepared 
from coprecipitated UO2-PUO2 and pellets fabricated from feed 
material prepared by the mechanical mixing of component powders 

2) To determine the effect on performance of relatively gross 
inhomogeneities that may result from incomplete powder blending 

3) To observe differences in performance that may arise due to 
differences in pellet stoichiometry or the presence of PU2O0 

k) To observe the performance of fuel elements formed by the vapor 
cementation with tungsten of spherical particles composed of 
UO2-PUO2 

Progress During This Period 

Major effort during this period was concentrated on corapletiBg the 
assembly of the thermal recycle fuel capsules and on"getting these 
ST3r"the associated instrumentation shipped to the test reactor site. 
One capsule is now in-pile. Additional effort was concentrated on the 
ilharacterization of fuel materials to be irradiated under the fast fuels 
program and on the fabrication of fuel elanents that contain mixed oxide 
particles coated with tungsten. Work was also initiated on the preparation 
of the data package associated with irradiation of the fast fuel capsules. 
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The two capsules containing the thermal recycle fuel U0„-5 w/o PUO2 were 
sent to the test reactor site along with the associated instrumentation. 
Capsule NU-I6 was inserted into the GETR (General Electric Testing Reactor) 
in Cycle 6I, and theiTnocouple readings indicate that this capsule is 
undergoing irradiation as planned. However, during shipment, several 
thermocouples of Capsule NU-I5 were damaged, and therefore this capsule 
is being returned and will be fitted with a spare thermocouple assembly. 
Hopefully this capsule can be returned to the reactor site for insertion 
into Cycle 62. 

All of the fuel elements for Capsules NU-l?, NU-I8 and NU-I9 have been fab
ricated except those elements that are to contain particles of U02-35 'w/o PUO2 
coated and consolidated with tungsten. The nominal volumetric compositions 
of all fuel elements to be tested in these three capsules is U02-20^ PUO2, 
nominally a desirable composition for a fast breeder fuel. 

The individual UO2-PUO2 particles that are to be consolidated with tungsten 
have an average diameter of i|-60 microns. The associated"TfiIlir'3ehsity'~rs 
5.32 grams/cc and the tap density 5*65 grams/cc. The apparent solid density 
(from CClr penetration) is 9^.5% of theoretical density with ^.^ v/o close 
voids. During this period, these particles were coated with tungsten via a 
fluidized _b_ed process using the mechanism of thermal decomposifion of tungsten 
carbohyl. Particles were coated to an average thickness of 5»1 microns. 
Chemical analysis of the coating indicates a relatively high carbon content. 
It can be concluded, therefore, that the coating is probably not pure tungsten 
but a mixture of tungsten, tungsten carbide, and free carbon. The measured 
carbon content is equivalent to a coating composition of W2C. This abating, 
while it consists of laminated layers, is essentially homogeneous, and no 
grain structure is observable under optical microscopy. Photographs 
of the coated particles are shown in Figure 1. It is seen that the oxide 
structure is quite porous and that the coating is uniform. 

For fabrication of the fuel elements, these coated particles were packed 
into 316 stainless steel tubing which was fitted with a stainless steel 
screen in order to retain the particles. These packed tubes were then 
introduced into a furnace and then infiltrated with a tungsten carbonyl-
argon gas mixture to allow cementation of the particles with tungsten 
formed by the thennal decomposition of the tungsten carbonyl. Two proto
type elements have been made to date, and these are being sectioned to 
determine the cementation structure and the porosity. 

In preparation for the irradiation of capsules NU-17, NU-18 and NU-19, 
work on the associated data package was initiated during this period. 
Table I giving the capsule heating rates and interface temperatures at 
a rod bank height of 23»0 inches is included to illustrate the in-pile 
conditions that these capsules will be exposed to. 
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It is anticipated that all work on the fabrication of the fast composition 
fuel capsules will be completed during the next period. 



Table I 

Element 
Number 

NU-17-1 
NU-18-1 
NU-19-1 

NU-17-2 
NU-18-2 
NU-19-2 

NU-17-3 
NU-18-3 
NU-19-3 

NU-17-4 
NU-18-4 
NU-19-4 

NU-17-5 
NU-18-5 
NU-19-5 

Unperturbed Fliix 
nv X 10"-̂ -̂  

4,173 
4,189 
4,189 

4,986 
5,00 
5.00 

5.420 
5.441 
5.441 

5,203 
5.224 
5.223 

4.444 
4.462 
4.615 

Capsule Heating Rates and Interface Temperatures 
at a Rod Bank Height of 23.0 inches 

Voliometric 
Heating Rate 
watts/cm-' 

1175 
1189 
1163 

1303 
1296 
1270 

1495 
1495 
1495 

1495 
1495 
1495 

1352 
1328 
1270 

Linear 
Heating Rate 
watts/cm 

236 
239 
233 

261 
260 
255 

300 
300 
300 

300 
300 
300 

271 
266 
255 

Interface Temperatures, C 

Fuel-Clad 

495.5 
500,5 
490.4 

535^5 
527.2 

600.6 
600.6 
600,6 

600,6 
600,6 
600.6 

553.6 
545.4 
527.2 

Clad-NaK 

453.1 
457.7 
448.5 

489^7 
482.1 

549.2 
549.2 
549.2 

549.2 
549.2 
549.2 

506.2 
498.7 
482.1 

NaK-Zircaloy 

389.1 
392.8 
385.3 

419.1 
412.9 

467.8 
467.8 
467.8 

467,8 
467,8 
467.8 

432.6 
426.5 
412.9 

Capsule 
Surface 

54.10 
54.24 
53.95 

55^25 
55.01 

57.17 
57.17 
57.17 

57.17 
57.17 
57.17 

55.78 
55.54 
55.01 

? 

ON 

-p-
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Neg. S-1206 5OX 

Neg. S-1206 '̂ OOX 

Figure 1 

Photographs of 1109-35 w/o P^OQ Tungsten Coated Particles 


