
Lawrence Berkeley National Laboratory
Recent Work

Title
ON THE DETERMINANTS OF THE STABILITY OF METALLIC PHASES

Permalink
https://escholarship.org/uc/item/9px7b34n

Authors
Krause, Charles W.
Morris, J.W.

Publication Date
1974-10-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9px7b34n
https://escholarship.org
http://www.cdlib.org/


Submitted to Scripta Metallurgica LBL~3193 

Preprint r". \ 

ON THE DETERMINANTS OF THE STABILITY OF 
METALLIC PHASES 

Charles W. Krause and J. W. Morris, Jr. 

October, 1974 

Prepared for the U. S. Atomic Energy Commission 
under Contract W ~ 7405~ENG-48 

· For Reference 

Not- to be taken from this room 
J ! 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



q 
i 
\_~ 

0 0 !J 0 r.1 2 0 .e.-~ 

0 ~.;: 

"' ~. 0 3 

ON THE DETERMINANTS OF THE STABILITY OF METALLIC PHASES 
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tt • ·. 
Inorganic Materials Research Division, Lawrence Berkeley Laboratory and 
Department of Materials Science and Engineering, College of Engineering, 
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The phase stability of metallic alloys is often discussed in terms of three factors (1): 

the electron-atom ratio, the size factor, and the. electrochemical effect. Three variables 

commonly used to quantify these factors are the valence (Z), the atomic volume (n), and the 

electronegativity (x), respectively, of the metallic elements composing an alloy. The descrip- 1 

tion of phase stability in terms of these three parameters would havemaximum utility, if they 

were independent variables. However, it is shown below that, for a commonly used scale of 

electronegativities, the three parameters are not independent for a large number of metallic 

elements. In fact, such an interdependence is suggested by a number of expressions for x in 

terms of Z and measures of atomic or molecular size (2). The expression obtained below uses the 

atomic volume derived from the elemental, metallic solids. 

The interdependence of Z, n and X for a large number of alloy systems is indicated in Fig. 

1, in which are plotted the electronegativities .of Pauling (3) for the metallic elements from 
1/3 groups IA through IVB of the periodic chart (4) and the lanthanides as a function of n , where 

n is what may be called the bonding electron density, n = Z/n, with Z equal to the number of 

bonding electrons per atom for the element, and n equal to the atomic volume as determined from 

the elemental solid. The values of Z were taken as the group numbers (4) from the periodic 

chart, except for the cobalt and nickel groups and the lanthanides for which the values nine, 

ten and three were used. Values of n were taken from Barrett and Massalski (5). 

The only elements which are metals in the solid state and are not included in Fig. 1 are 

francium, radium and the actinides. The other metals divide themselves into· three classes in 

Fig. 1: 1) the metals ftom groups IA through VIIIC, aluminum and the lanthanides; 2} the 

magnetic transition metals: chromium, manganese, iron, cobalt and nickel; and 3) the metals 

from groups IB through IVB. The three classes are shown with distinct symbols and contain 

forty-four, five and eleven elements respectively. The linear trend of the electronegativities 

with n
113 

for the first class of metals .establishes a relation between x and n, or x, Z and n, 
for these elements. The straight line in the figure is expressed by 



X = 4.2 n
1

/
3 + .2 = 4.2 (~?13 + .2 

and was found by a least squares fit .for the elements from groups IA through VIIiC (excluding 

the magnetic transition metals) and aluminum. 
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FIG. 1 

The 
1/3 

electronegativities of the metals according to Pauling plotted versus n · 

·-Metals from.groups IA-VIIIC and aluminum. 
~- Cr, Mn, Fe, Co, and Ni; 
0- Metals from groups IB-IVB. 

The box represents the lanthanides. 

This in~erdependencebetween X> Z and n indicates that the. through factors are not inde­

pendent for alloys of the•forty-four elements included in class 1. Admittedly, use of these 
i 

parameters is arbitrary, but at least the ~alue of efforts (6) to find an independent set of 

variables with which phase stability can be studied is i-ndicated. 
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