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Overview of Work Proposed in Original Grant Application for the Second 

Quarter of 1995. 

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

through 21 of the research were allotted to Task #2. The description of Task #2 was: 

Task R: "Measurements on Carbides with the Fluorite Structure," states: 

"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 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 castings, or highly pressed and sintered pellets, of CeC2 and 

Lac2 and to test the castings (or pellets) for the ionic conduction of carbon-ions across the 

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

electrolyte. 



Laboratory Investigations to Date 

At the suggestion of Dr. Kamal Das, this quarterly report will be somewhat more 

comprehensive than normal. We will review the laboratory research completed so far in the 

project, in a manner similar to the speech given at the Department of Energy University 

Coal Reseach Conference held June 13,1995 at Tennessee State University in Nashville. 

To the date of our speech on June 14, in our research project we have accomplished 

the following goals: 

1. Materials and Equipment have been procured. 

2. The quality, ambient crystal structure, and phase transition temperatures of 

several starting materials have been assessed by means of X-Ray Powder 

Diffraction, Differential Thermal Analysis, and Microscopy. 

3. Carbide pellets have been successfully cast from the molten state. Attempts to 

presshinter carbide pellets are ongoing. 

4. Cerium Dicarbide powders have been doped with six different dopants, pressed 

into green pellets, and arc melted into small circular castings. 

5. Fragments of the doped cerium dicarbide castings have been analyzed for 

changes in their phase transition temperatures as compared to the original pure 

cerium dicarbide. 

6.99.99% pure carbon13 powder and D-Glucose made from 99.99% pure carbon 

13 have been acquired to fabricate a carbon 13 sputter target. Successful 



negotiations for the use of ultra-high vacuum sputtering chambers and guns have 

been undertaken. 

7. Training on the use of Secondary Ion Mass Spectrometry has been received from 

the staff and facilities of the Microelectronics Center of North Carolina. 

8. Proposals have been submitted to do High Temperature Powder X-Ray 

Diffraction at temperatures from ambient up to 1500 C on the doped cerium carbide 

samples at the Max Planck Institute at Halla in Germany and at the Oak Ridge High 

Temperature Materials Laboratory here in Tennessee. 

Each of these 8 steps will now be discussed briefly. 

Materials and Eauipment and Assessment of Starting Materials: Quantities of 

cerium, lanthanum, beryllium, cerium dicarbide, lanthanum dicabide, barium carbide, 

aluminum carbide, titanium carbide, thorium carbide, zironium carbide, zirconium nitride, 

calcium dicarbide, and lithium carbide have been acquired. One unexpected and time 

consuming development in materials procurement was the discovery that the cerium 

dicarbide originally purchased from the Cerac Corporation was either an amorphous crystal 

structure or not the dicarbide. The Cerac cerium dicarbide did not give any phase transition 

peaks in DTA analysis, nor did its X-ray diffraction pattern match that of the di- or bi- 

carbide of cerium. After a careful and time consuming re-evaluation of the x-ray and DTA 

equipment to determine that it was operating properly, alternative cerium dicarbide was 

purchased from the Johnson Matthey Corporation. This cerium dicarbide gave the 

expected x-ray pattern and displayed the phase transition peaks at the expected temperatures 

in DTA analysis and has been used in all succeeding carbide and doped carbide 

experiments. 



A 1700 C capable, computer controlled, argon gas flushed, tube furnace was 

procured to anneal and sinter pellets. This furnace has operated satisfactorily, but the sinter 

operation has not yet been able to produce a strong intact pellet, either in the green state or 

after sintering. It is common to use a binding agent to increase the green strength of 

pellets. This binding agents are usually water based. With carbides, however, water based 

binding agents would cause hydrolysis of the carbide. Recently the Rohm and Haas 

Chemical Company has donated a sample of their water-free binder designated Acryloid 

Resin B-7MEK tm . This binder reportedly completely decomposes in hot argon gas. It is 

hoped that this binder will enable the production of suitably strong sintered pellets. 

Casting. of Carbide Pellets: In response to the problems encountered with pressing 

and sintering carbide pellets, arc melting of cracked and/or fragmented pellets was tried in a 

Materials Research Corporation Series V-4 Arc Melting Furnace. This is a robust furnace 

with water-cooled copper hearths, vacuum and/or inert gas atmospheres and 800 ampere 

current capability. It was found that cast carbide ingots could be made. Some surface 

contamination of the castings was evident, but has since been reduced, but not entirely 

eliminated by the use of U H P  grade argon gas that has been further purified by the use of 

oxygen and water traps in the feedlines to the arc melt furnace. Over twenty castings have 

been made. Ongoing efforts are concentrating on producing a casting in the form of a right 

circular cylinder with squared ends suitable for carbon sputter deposits. 

Douants and their effect on Phase Transition Temueratures: Cerium carbide 

powders have been doped with 10% by weight fractions of ZrN and the carbides of Al, Ba, 

Ca, La, Ti, and Zr. These doped powders have been pressed, arc melted and cast in 

circular ingots. The ingots have been fragmented and small samples of each doped carbide 

analyzed by DTA analysis. Preliminary analysis of the DTA results indicate that the La 

dopant successfully lowered the transition temperature by 30 C.  Similar samples will be 

analyzed by ambient, and high temperature, powder x-ray diffraction to determine each 



samples's crystal structure after doping and their phase transition temperatures upon 

heating. 

The use of Carbon as a Tracer and its Sputter Deposition: In the past 3 years 

enriched carbon containing up to 99.99% carbon13 isotope has become available at costs of 

less than $260 per gram. Natural carbon is 98.89% carbon12 and 1.1 1% carbonl3. 

Carbon13 is a stable, non-radioactive isotope. This availability and cost has made it 

practical to use carbon13 as a tracer in research to determine the diffusion or conduction of 

carbon in solids. However, to the knowledge of these researchers, no supplier of sputter 

targets has yet been willing to offer or quote a price on a carbon13 sputter target, Therefore 

this project has procured supplies to make a carbon13 sputter target by pressing 5 grams of 

the powder into a 50mm sputter target backing plate. The sugar D-Glucose, also available 

in 99.99% carbon13, will be used as a binder. After pressing, the green sputter target will 

be sintered at 1700 C in an argon gas atmosphere to "carbonize" the glucose binder. 

Secondary Ion Mass Spectroscopy: SIMS is a versatile technique to analyze the 

near surface composition of solids. It involves the bombardment of the surface with an ion 

beam. The bombarding ion beam creates ions from the atoms of the solid under analysis. 

These "secondary" ions are then drawn into a mass spectroscope for analysis. Modern 

SIMS machines have the sensitivity to detect the difference between carbon12 and 

carbonl3, although the separation of these two isotopes is complicated when the sample 

contains or is contaminated by hydrogen. A common source of hydrogen contamination is 

water vapor. The Microelectronics Center of North Carolina, of which Duke University is 

a participant, has made available to the researchers in this project the use of their Perkins- 

Elmer Model 1200D SIMS Analyzer, and has further provided a 80 hour no-cost 

scholarship to train researcher Henry LaViers in it operation. This machine will be used to 

determine the extent of diffusion of carbon in the electrolyte samples after annealing. 

High TemDerature Powder X-Rav Diffraction: As previously stated, it would be of 

great practical benefit to create an electrolyte for carbon-ions that not only had good ionic 
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conductivity, but also was of one crystal structure throughout the temperature range of use. 

To determine whether dopants added to the carbides have extended the temperature range of 

one crystal structure, high temperature powder x-ray diffraction is invaluable, as it can not 

only indicate the temperature at which phase transitions occw (as can DTA), but can also 

quantify the crystal structure both before and after the transition. High Temperature X-Ray 

Diffraction units are not common. The present researchers have submitted proposals to use 

the machines existing at the Oak Ridge National High Temperature Laboratory and at the 

Max Planck Institute at Halla Germany. 

In the time period since the Department of Energy University Coal Research 

Conference in Nashville, the following developments have occurred: 

(a) Our proposal to the High Temperature Materials Laboratory at Oak Ridge 

National Laboratories has been favorably reviewed. 

(b) Rohm and Haas ACRYLOID B-7MEK resin has successfully been used to bind 

pellets of Tic  and Lac2 . This same binder is being used to attempt to bind 

Carbon-13 powder into a sputter target. 

(c) Machine shop work has been completed on building a die to press the 

Carbon-13 powder into a 25mm baseplate for the sputter target. 

(d) One X-Ray spectra has been received from the Max Planck Institute. This 

data showed the samples were contaminated prior to analysis, however. 

Research efforts over the next 90 days will concentrate on creating a Carbon-13 sputter 

target and sputter coating carbide pellets. 



Conclusion 

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

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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