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1. INTRODUCTION 

almost continuously supported by NSF under grants entitled "High Temperature Calorimetry 
of Refractory Systems." The present grant in this series is DMR 97-26699 which provides 
funding for 3 years from April 1,1998 to March 31,2001. 

For about 20 years our calorimetric work on high-temperature materials has been 

Since July 1,1988 we have also received support from the Department of Energy for a 
research program which originally was entitled "High-Temperature Thermochemistry of 
Transition Metal Borides and Silicides." However, six years ago the title of this project was 
changed to "High-Temperature Thermochemistry of Transition Metal Borides, Silicides and 
Related Compounds." This change reflected the fact that while a significant part of our effort 
under this grant has been devoted toaborides and silicides, our work was extended to the 
thermochemistry of compounds which are closely related to borides and silicides, such as e.g. 
transition metal carbides, germanides and stannides as well as aluminides and, most recently, 
also compounds of transition metals with gallium. A major part of the funds received under 
this grant have been used to pay the salary of a postdoctoral Research Scientist working in the 
area described by the title. 

Since 1990 this position has been held by Dr. Susan V. Meschel who has co-authored 
most of the publications which have resulted from the scientific work supported by this grant. 

The principal objective of our research under this grant has been to develop a systematic 
picture of the thermochemistry of transition metal and rare earth borides, silicides and related 
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compounds. These investigations have been made possible by our development, somewhat 
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, of a new high-temperature reaction calorimeter capable of continuous 
operation at temperatures up to about 15OOK (O.J. Kleppa and L. Topor, Thermochim. Acta 
139,29 1-297 ( 1989)) 
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2. ACCOMPLISHMENTS Under Grant DE-FG02-88ER45363. 

During the past 12 years our research supported by DE-FG02-88ER45363 have 
contributed to the completion of 45 scientific ublications. These publications are listed 
here: D6E Patent Clearance w u  
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DISCLAIMER 

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 
thmof, nor any of their employees, makes any warranty, express or implia!, or 
assumes any kgal liability or rcsponsibiity for the accuracy, completeness, or use- 
fulness of any informatioa, apparatus, product, or process disclosed, or represents 
that its use would not infringe prhteiy owned rights. Rcfcrrace herein to any rpc- 
cific commercial product. proccss, or service by trade name, trademark, manufac- 
turer. or otherwise docs not necessarily constitntc or imply its endoncmcnt, rmm- 
mendation, or favoring by the United States Gommcnt  or any agency thereof. 
The views and opinions of authors expressed hmin do not n d y  state or 
reflect those of the United States Government or any agency thmof. 
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Among the 45 scientific papers in this list there are 5 which are review papers (#18, 
23 and 33,42, and 44); these papers summarize work supported both by DOE and by 
NSF. The remaining 40 publications report on experiments supported by DOE alone. 



3 DE-FG02-88ER45363; SUMMARY 

Earlier this year in collaboration with Dr. Susan V. Meschel we prepared a major review 
paper which gives a comprehenSiv8 summary of what our IAbwatory has accomplished with 
support from DOE. This paper is #43 in the List of Publications given above. It was prksented 
to TMS at its National Meeting in Nashville, TN last March. A copy of the manuscript of this 
paper was recently mailed to DOE. It has been submitted for publication in Journal of Alloys 
and Compounds. 

This review paper summarizes our observed trends in the enthalpies of formation of TR- 
X and RE-X compounds (where X is a mB or IVB element) in their dependence of the atomic 
number of the transition metal (TR) and the lanthanide metal (RE). In this paper our measured 
enthalpies of formation for each alloy'family are compared for the 3d, 4d and 5d transition metal 
elements. We also compare our experimental results with predicted values based on Miedema's 
semi-empirical model. 

'"? . 

Data are presented for the carbides, silicides, germanides and stannides in Group IVB, 
and for the borides and aluminides in Group IIIB. During the past year (1 999-2000) we have 
extended our work to compounds of the 3d, 4d and 5d elements with gallium (see papers #40, 
#41, and #45 in the List of Publications). Fig. 1 (taken from M5) presents a systematic picture 
of our experimental values for the most exothermic gallide compounds formed with the 
transition elements. This figure is characteristic of the other systematic pictures which we have 
found for the two other IIIB elements which we have studied and for the four IVB elements. 
These figures are all presented in Ref. #43. A copy of this reference is attached to this report. 

This paper also illustrates how the enthalpy of formation of compounds of the IIIB and 
IVB elements with the lanthanide elements (with the exception of Pm, Eu and Yb) depend on 
the atomic number of RE. Finally our results for the RE-X compounds are compared with the 
predictions of Gschneidner (K.A. Gschneidner, Jr., J. Less Common Metals 17, 1-12 (1969)) 
Sometimes the agreement is goodcsometimes not. - . . j _ -  . .-__/ - ___I___C^__-". 

Prepared by O.J. Kleppa 
September 1,2000 
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