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ENCAPSULATION OF UC-PuC MIXTURE FOR CALORIMFTRIC STUDY 

ABSTRACT 
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Tantalum capsules lined with tantalum carbide were loaded 
with a mixture of uranium carbide-20 wr"' plutonium carbide 
and sealed with an electron beam weld f<- ,• use in Argonne 
National Laboratory calorimetric studies of reactor fuels. 
Experimental welding tests were made to determine optimum 
weldiny parameters. Special equipment ave- lable only at 
LLL was used and techniques were developed to perform the 
loading and welding operations without exp;,-ire to moisture 
or oxygen and with complete containment of tne radioactive 
particles. Three capsules were successfully loaded, welded, 
tested, and delivered to ANL. 

INTRODUCTION 

In 1975i we were requested by Argonne National Laboratory to load 
tungsten capsules with a mixture of uranium carbide-20 vitZ plutonium carbide 
in a super dry oxygen-free (less than 5 Ppm oxygen) atmosphere and seal these 
capsules by welding and maintain a high vacuum inside the capsules. These 
capsules were to be used in a calorimetric experiment on prospective reactor 
fuels at ANL; and it was essential th?t the capsules contain a high vacuum 
to prevent excessive pressures in the capsules during heating. Six capsules 
wire loaded, welded, and delivered to ANL as a result of this request. 
Calorimetric studies of the material at temperatures below the melting point 
were made successfully, but when the carbides were heated into the molten 
range, a reaction apparently took place between the molten carbides and the 
tungsten capsule and li:aks resulted. Subsequent investigation at the Los 
Alamos Scientific Laboratory indicated that tantalum carbide would resist 
the molten carbides. On this basis, work was started to prepare tantalum 
carbide-lined tantalum capsules for further calorimetric work. 

We were requested by Donald F. Fischer of ANL to load and seal 
these capsules, and we again agreed fo the request because LLL is the only 
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facility in the EROA complex with both a plutonium contaminated glove box 
in which the required purity of atmosphere could be obtained and maintained 
and which has a plutonium contar.i nated electron beam welder in which to do 
the welding. The work was accepted on a time available, no priority ba is. 

MANUFACTURE OF CAPSULES 

The capsules were prepared by Ultramct of Paicoma, CA, by chemical 
vapor depositing (CVD) tantalum carbide on a mandrel to about 0.1 mm-lliick, 
chemical vapor depositing pure tantalum on top of the tantalum carbide to 
a thickness in excess of I mm, and then machining the surface to give a I mm-
thick tantalum wall. The mandrel is then removed. A drawing of the finished 
capsule is shown in Fig. 1. Note the hollow center post in the capsule. 
This feature is to permit placing a thermocouple in the center of the mixture 
durinp the calorim*"tric tests, and its location caused some difficulty bolh 
in making the capsules and in filling the capsules with the UC-PuC mixture. 
The cap is also coated with TAT and is electron h?-»"i wc-H'd in n'-pre. 

When this type of capsule was proposed for welding, we questioned 
the detrimental effect of the tantalum carbide in the weld joint because our 
experience in welding dictated that a ceramic coating v;ould disrupt the 
welding action. Indications from the supplier were that the joint area was 
to be free of tantalum carbide, and its influence on welding would be insig
nificant. Since the cost and difficulty of obtaining the lined capsules 
precluded using the tantalum carbide coated capsules to determine optimum 
welding parameters, we agreed to do our procedure development on simulated 
capsules made from pure tantalum tubing of a smaller diameter and on end 
caps made from bar stock. 

UC-PuC PELLETS 

The mixture of uranium carbide/20 wt? plutonium carbide pellets 
were prei red at the Los Alamos Scientific Laboratory. The pellets w.=re 
compressed to a dimension of approximately 12 mm diameter and 6 mil th.'ckness. 
They were then loaded into a stainless steel tube, the end welded shut with 
a protective atmosphere inside, and shipped to ANL. They were delivered to 
us in the welded tube as prepared at LASL. The pellets could not be made 
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in doughnut shapes with a hole to accommodate the center post, so the pellets 
had to be broken into pieces small enough to fit between the post and side 
wall of the capsule. 

WFLOING PROCEDURE DEVELOPMENT 

The ANL requirements for the weld were to achieve at least 30% 
penetration, eliminate cracks or other defects, withstand the heating and 
cooling in the calorimetric apparatus, and not disturb the UC-PuC mixture. 
These requirements had been met 01 an earlier order for tungsten capsules. 

Six short tubes of tantalum, machined to simulate the capsules, 
and six caps machined from bar stock were received from ANL for parameter 
development. These tubes were fmallcr in diameter (12.7 mm) than the final 
capsules (1^.3 mm), and we found that six were not onough for both development 
and verification samplers. These tubas were used to determine parameters, 
and a sample was sent to ANL for approval. Tliis sample was welded at: 0.762 
m/socond travel speed, 70 kV accclera'ing voltage, 7-5 nA beam current with 
the beam defocuscd to give a 0.5 ram spot at the work. The filament current 
was first reduced tc 1.75-1-8 A to give a soft, low-powered spot, and this 
was applied to the joint for 2 revolutions to preheat the part. The filament 
Current was then brought up to 2.1 A, and three welding passes made at full 
power. 

A copper chill fixture was machined to fit tightly around the 6 mm 
tubing and positioned 1.5 mm below the weld jiont. The purpose of the chill 
fixture was to keep the welding heat from affecting the character of the 
mixture. The absorption of heat by the chill fixture must be compensated 
for by adding heat during wnlding to obtain the desired penetration, and, 
therefore, the fixture had to be used in development welding even though 
the tubing was empty. 

After the initial work was clone and the sample sent to ANL, some 
tantalum capsules and lids with the simc approximate dimensions as the 
practice capsules were found surplus at LLL, and these were used to make 
verif ical ioir welds. After ranking several repetitive samples, we found that 
thej penetration was insufficient tit the stated set of parameters, and that 
it was necessary to raise the current to 10 mA to obtain the desired 
penctrat ion. 
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The tantalum carbide-lined capsules were received front AIJl, ultra-
sonicaSiy cleaned in HCK (methyl ethyl ketone) as specified, and mass 
spectrometer heliun leak-tested. All were tight except for capsule #1, 
which had 6 large leak. Capsule -"2 had been specified by ANL as the one 
to be used for weldability checking and as a sample capsule to use for cali
brating the ANL calorimetric apparatus. This uropty capsule, containing a 
thin tungsten circular wafer and used as a heat shield between the rp-̂* •>.-•.-: 

and the cap weld, was placed in the chill fixiure and into the norvontamin.itrd 
welder to check procedures and parameters. The cap was tack welded in k spots 
to hold it in place after the restraining bar was removed. Some weld pool 
erruptions were observed during U>e «ad. welding. When the finish weld was 
made, one side of the joint welded smoothly, but crruplions occurred on the 
other side of the joint and molten racial was expelled. This left the surface 
of half the weld with a rough and lumpy appearance. This was thought to be 
caused by the TaC qn the cnpsul.- surface because almost all the TaC had been 
ground away from the cap edge ii. order to fit it into the capsule. Welding 
was done nt the parameters slated previously, except that the ijmperage was 
raised from 7-5 mA to 10.0 mA. No measure could be taken of the penetration 
but the capsule was helium mass spectrometer leak-checked and found to be 
leak, tijht. It was sent to AfIL for evaluation with our comments on the 
welding action. 

It was decided by ANL lhat capsule r!, the leaking capsule, should 
be welded in the contaminated mjchinc to check the transfer of parameters to 
this machine and a further test of the weldabiIity of the TaC lined material. 
When this capsule was welded, large expulsions of molten metal occurred and 
several holes were left in the we'd. The capsule di ; not appear to be of 
the best quality, and the poor welding action seemed to be caused by e 
combination of the TaC in the joint and poor material. There were no spare 
parts, so the decision was made to fill and weld the remaining capsules as 
best we could. Since the TaC had been removed from the cap of capsule 4'2, 
we removed the TaC from the edges of the remaining caps by rotating the cap 
in a jeweler's lalhe and holding an abrasive Slone against the edge of the 
cap. This removed most of the TaC. 
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LOAPING 

The loading of the capsules was performed by Mr. W, Thayer in a 
special plutonium-contaminatod glove box in which a very dry and pure 
atmosphere could be obtained and maintained. This atmosphere was required 
because of the susceptibility of the mixed carbides to oxygen and water 
vapor. The oxygen content of the glove box was kept below 2 ppm at all 
times and the moisture, hydrogen, and nitrogen level was kept very low by 
suitable trains. The tools, pellet tube, and capsule r} were loaded into 
the vacuum lock of the box and the lock evacuated for one hour before trans
ferring the contents to the glove box. This evacuation removed atmospheric 
contamination from these items and maintained the glove box atmosphere below 
2 ppm oxygen. 

The capsule was removed from its container, and with its cap and 
a thin tungsten heat shield was weighed to within 0.0001 g on the Mettler 
H-30 in the glove box. The stainless steel tube containing the pellets was 
then opened with a sharp tubing cutter and the pellets removed as necessary. 
Since the pellets were too large to fit inside the capsules with the center 
post, a Planner's mortar and pestle was supplied by ANL. A pellet was 
placed in the mortar and broken with a sharp hammer blow. T-.e large pieces 
were picked out with tweezers and placed in the capsule, while the fines 
and powder were poured into the capsule using a foil funnel. A camel hair 
brush was used to ensure that all particles of material were removed from 
the mortar and pestle and brushed into the capsule. The weld joint area was 
carefully brushed to remove any particles of material that might interfere 
with welding. Whifn the capsule was filled with material, a thin tungsten 
heal shield was placed on top of the material to protect it from direct 
radiation heating during welding, the cap set in place, and the assembly 
again weighed to 0.0001 g. The difference between weights was the weight 
of material; approximately 40 g. 

The loaded and weighed capsule was placed in the copper chill 
fixture and a retaining bar fastened across the end of the fixture. This 
bar heid the two halves of thr fixture toacther and also held the end cap 
firmly in place. The capsule and chill fixture was placed in a plastic 
container, and the top sealed with taps. The contaminated container witli 
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the capsule was then bagged out of the super dry glove box by Hazards 
Control and into the electron beam welder glove box. It was a requirement 
that the capsule be kept in an upright position at all times after the 
heat shield WAS in place to prevent any material from getting above the heat 
shield. Care was taken during all the bagging and moving operations so that 
at no time was the capsule turned from the vertical position. 

The glove box enclosure around the welder had been purged with dry 
nitrogen for an hour before the plastic container with the capsule was 
bagged in. The container was opened, the chill fixture with the capsule 
placed in the rotating welding fixture, and the Assembly moved into the 
welding chamber. The chamber was evacuated, the cap was tack welded in four 
places to hold it securely, the chamber opened and the retaining bar removed 
from the chill fixture, and the assembly returned to the welding chamber. 
The welding chamber was then evacuated overnight to ensure a high vacuum in 
the capsule, and the final weld was made the next morning. Vacuum in the 

-c 
welding chamber before welding was at 3 x 10 torr, or better. 

The vacuum in the welding chamber was then broken with helium gas 
and the capsule kept in the helium atmosphere for at least 15 minutes. If 
there is a leak in the capsule weld, the vacuum existing inside the capsule 
will pu'l helium into the capsule through the lei.'/ and the vacuum will be 
reduced. When the outside of the capsule is evacuated during leak testing, 
this helium will be pulled out through the look and signal the leak detector. 
This is our standard method of leak testing sealed capsules. 

After welding, followed by soaking in helium, the capsule was again 
bagged into the super dry atmosphere glove box and reweighed. It was also 
visually examined with a low power microscope for defects in the weld. After 
all the capsules had been loaded, welded, weighed, and examined, they were 
then helium mass spectrometer leak-ler.ted. They were all placed in a con
taminated container, the container evacuated, and placed on the leak detector. 
If a helium signal had been received, the capsules would then have been 
tested individually to determine the leaking capsule. All capsules were 
leak tight, however, so the contaminated capsuled were placed in their 
containers, taking care net to contaminate the outside of the containers, 
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doiible bagged for additional protection, sealed in a tin container, and 
shipped to ANL in the upright position. 

HELPING OF CAPSULES 

The first loaded capsule to be welded was capsule #3- Because of 
the difficulty encountered in welding capsule #1, the welding procedure 
was changed. The changes were to increase the heat and melt more of the 
tantalum. The object was to remove the support for the tantalum carbide, 
causing it to break up into small pieces under the action of the beam and 
reduce the disruptive effect upon the wetd. The increase in heat was 
obtained by raising the beam focus to a spot 25 mm above the work to give 
a more diffuse beam, slowing the travel sperid to 0.508 m/s from 0.762 m/s 
to compensate for the reduced penetration resulting from the defocused spot, 
and make three preheating passes instead of two. 

When the cap was tack welded in place, a reaction occurred at one 
of the tack welds and molten metal was expelled from the joint. When the 
full power welding pass was madis, a similar reaction occurred at the same 
spot, and more material blew out. It appeared tc be caused by tantalum 
carbide from the lining in the joint, rather thjn carbide frurn the mixture. 
The weld was low at that spot, but it was difficult to see if there v-as a 
hole in the weld by looking throuo.h the optics of the welder. When the 
capsule was removed from the .•/elding chamber into the glove box enclosure 
and it could be examined more closely, we could see that there was a hole 
in the weld. 

The capsule was returned to the welding chamber and an attempt was 
made to flow the edges of the hole together by melting the edges of the hole 
with the beam. This attempt was unsuccessful. Tantalum wire was obtained 
and an attempt made to place the wire in the hole, melt the wire in place, 
and fill the hole. This technique is used in our normal operations, but the 
wire or other material must bo fastened in the hole, usually by resistance 
spot welding, to prevent it trort coming out of the hole when the bnaon hits 
it. This could not be don'e in the contaminated welding chamber, and the 
wire kept coming out of the hole when struck by the beam. Several unsuccessful 
attempts were made to repair the hole; then the electron gun filament burned 
out, stopping the welding operation. The capsule was removed to the super 
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dry atmosphere glove box while the filament was being replaced, on eight 
hour operation. The decision was then made to continue with the remair.der 
of the capsules and hope we could get at least one good one. 

Because of the difficulty found in welding capsule r3. an attempt 
was made to remove the tantalum carbide from the inner surface of capsule 
ffk at the weld 2one, The capsule WJS mounted In a lathe and a machine-
mounted high-speed grinder used. This was not successful, nor was a hand 
held low-speed grinder, because the carbide coating was too hard. The 
capsule was redeemed and loaded in the specified manner. 

Because of the difficulty with capsule #3, the procedure was changed 
to use a longer preheat cycle of h revolutions, instead of 3- J-jt before 
the completion of the weld, an expulsion of metal occurred and a depression 
could be seen. Although we were not sure that a hole was present, the 
operator preheated the part again and went back over the hoie with a lower 
power beam $.$ mA. The depression filled to the extent that we were sure 
that there was no hole present. The operator inadvertently backfilled the 
chamber with dry nitrogen, but he did not open the chamber; he then re-
pumped the chamber to 2.5 K 10 ' torr and backfilled with helium. On with
drawal from the chamber, the weld locked good with no visible hole, hetal 
loss during welding was 0.078 g. 

Capsule #5 was welded in the same manner, except that six preheat 
revolutions were used instead of four. The weld looked very good with no 
metal expulsions and no depressions. The metal loss during welding was 
0.046 g. 

Capsule tt( was welded in the same manner as US. There was a minor 
expulsion at one of the tack welds and several minor expulsions during 
welding but no depressions or holes. The weld looked good, and the metal 
loss during welding was 0.048 g. 

After completion of capsule Ht, an attempt was made to close the 
hole in capsule #3- Tantalum wire was placed in the hole in both wire form 
and in ball form, but the hole could not be closed. In the process of 
attempting the repair, several other holes opened up and the repair attempt 
was abandoned. The action of the molten metal in th™ capsule during the 
repair attempt and during the tack welding of the capsules leads us to 
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believe that the welding difficulty may be caused by defect areas in the 
capsules and not by carbide in the joint. When we questioned the manu
facturer of the capsules; he admitted that they had not actually welded 
any tantalum lined capsules, but they had assumed from the characteristics 
of the materia] that there would be no trouble. 

This leaky and badly contaminated capsule was placed in an available 
stainless steel container, the container electron beam welded shut, leak 
tested, and returned to ANL with the other capsules. 

SUMMARY 

This work shows that tantalum carbide-lined tantalum capsules can 
be successfully welded, if the proper technique is used. Proof of this is 
the fact that 3 capsules were welded with no leaks or other defects. The 
work is not complete, however, since the reason for the reaction of certain 
areas in the copsules to the beam with subsequent expulsion of metal has 
not bpon clparly deterpinP'H. If further work of this typp i«; t« he under
taken, then Sufficient tantalum carbide coated capsules or cubes must be 
providfd for welding development purposes to positively determine the cause. 

This work also shows thai: LLL has the capability for safely handling 
and encapsulating material that is highly radiotoxic and susceptible to 
contamination by small amounts of oxygen and moisture. 
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