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4. 

Overview of Work Proposed in Original Grant Application for the First 

Quarter of 1995. 

In the original grant proposal submitted to the Department of Energy, months 10 

through 2 1 of the research were allotted to Task #2. The description of Task #2 was: 

"Task #2: Measurements on Carbides with the Fluorite Structure 

There are twelve known carbides of the fluorite structure with transition 

temperatures from 350-1450 C. Small quantities of these carbides in powder form will be 

purchased when commercially available. Pellets pressed from powder within an inert 

atmosphere will be made, CVI treated, and tested as described in Task #l. Pure carbides 

will be tested first, followed by carbides doped with impurities of different electrical 

valences whose atomic radii are favorable for solubility in the carbide lattice structure. 

Dopants will be introduced either during the chemical formation of the carbide, by mix and 

sinter diffusion, or by high energy ion bombardment of the powder prior to pelletization. 

The approximate time period for completion of Task #2 is twelve months." 

Report of Work Completed to Date 

The research project is proceeding with the construction of apparatus to create a 

solid electrolyte in the form of highly pressed and sintered pellets of CeC2 and Lac2 and to 

test the pellets for the ionic conduction of carbon-ions across the electrolyte, and the 

attendant, but undesirable, parasitic conduction of electrons across the electrolyte. 

Since the fourth quarterly report, the investigation has been greatly hampered by the 

failure of a 122 centimeter long by 100 centimeter in diameter 99% alumina tube in the high 



temperature furnace. The long ceramic tube is a special order item from the Coors Ceramic 

Company in Golden Colorado, and as of the writing of this report, its replacement has not 

yet been received at the Department of Mechanical Engineering and Material Science here at 

Duke, although it is past its quoted delivery date. 

In the absence of the replacement tube, and facing several months delay without a 

crucial instrument, the investigators have attempted to improvise a working tube for the 

furnace. After the acquisition of a diamond tipped, 23 centimeter in diameter, circular cut- 

off saw blade, a portion of the broken tube was successfully sectioned after several 

attempts. To extend the length of the salvaged section, a 60 centimeter section of aluminum 

tubing was heat bonded to the 99% alumina tube by pre-oxidizing the inner surface of the 

aluminum tubing, heating both the 99% alumina tube and the aluminum to the melting point 

of aluminum (661 Degrees Centigrade), and heat shrinking the aluminum tube to the 

tapered end of the 99% alumina using insulation at the desired bond point. The slowest 

possible cooling rate was necessary to prevent the different co-efficients of thermal 

expansion from cracking the 99% alumina before the aluminum metal could yield 

sufficiently to relieve the thermal stresses. This makeshift composite tube was then placed 

in the furnace and run through a series of temperature cycles. As of this date, it has 

continued to prove serviceable, but it is the opinion of the investigators that this is only a 

temporary solution until a proper replacement can be obtained. 

Laboratory Investigations to Date 

The emphasis in the laboratory this quarter has continued to be on set up for the 

production of lanthanide carbide pellets. The Elmes 30 ton laboratory press and a Spex 

Company 13 mm die set have been used in pellet making attempts. Aside from the 

problems with the high temperature furnace outlined above, additional problems have been 

encountered in producing a "green" lanthanide carbide pellet with sufficient strength to 



resist disintegration during removal from the pellet die and transfer to the furnace for 

sintering. The predominant problem has been fracture of the pellets into multiple layers. A 

failure theory, involving shock waves that are generated in the pellet when the piston of the 

die binds and then suddenly releases during pellet ejection, has been judged to be the likely 

cause. Solutions already tried to remedy this problem have been: (1) extending the 

pressurized portion of the pelletizing process anywhere from one hour to four days in an 

attempt to increase inherent pellet consolidation, and (2) making special efforts to eject the 

pellet from the die extremely slowly. 

Another problem encountered, but now essentially solved, has been oxidation of 

the pellet, (or pellet fragments) during sintering. Despite the use of the highest purity grade 

of argon gas, several pellets emerged from their furnace temperature cycle having the 

mustard yellow color characteristic of cerium oxide on their surface. One unsuccessful 

attempt to further protect the pellet was place in an alumina crucible and then surround and 

submerge it in activated charcoal powder. An analysis of this intially unsuccessful 

experiment led to pre-firing the charcoal to remove any pre-absorbed water or oxygen. The 

pre-fired charcoal then successfully protected the cerium carbide pellet on a subsequent 

run. 

The second glove box set up to surround an International Equipment Company 

Planetary Micro Mill with tungsten carbide grinding jars and media has successfully ground 

the lanthanide carbides. This mill has been used to grind cerium carbide of minus 4mm 

size to a fine powder of approximately 90% minus 300 mesh sizing. The International 

Equipment Company Planetary Micro Mill will also be used to selectively introduce 

dopants to the carbides prior to pellet pressing and sintering. 

The next major step in this investigation after the successful pelletization of the pure 

and doped lanthanide carbides is the sputter coating of one surface of the pellet with a layer 

of Carbon-13 isotope. As of the date of this report, no commercial supplier of a Carbon-13 

51 mm in diameter sputter targets has been found. Carbon-13 powder, and d-Glucose, 



made with Carbon- 13 isotope only, however, are commercially available. Natural carbon 

sputter targets, (98.9% Carbon-12, 1.1% Carbon-13) are made by pressing, "carbonizing" 

and then sintering a fine carbon powder that has been mixed with a 5% by weight glucose 

solution to act as a binder. Therefore the investigators are exploring the possibilities of 

making such a sputtter tartget out of materials exclusively made with Carbon-13 atoms. 

Conclusion 

The research project "Novel Carbon-Ion Fuel Cells" is entering its sixth quarter. 

Some problems have been encountered with replacement tubes for failures in the high 

temperature furnace, but improvised repairs have allowed continued experiments and 

permanent replacement parts are on order. Methods to successfully pelletize lanthanide 

carbides are being investigated. Sources and methods for making Carbon-13 sputter 

targets are being pursued. 
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