
levels as the temperature of heat treatment is in
creased. 

Two mechanisms for the increase in acceptor con
cent ration have been given, one postulating a change 
in solubility of an acceptor impurity, the other 
postulating the formation of acceptor centers by 
thermally produced lattice defects. 
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Grain Boundary I:ffed 

In Surface Tension Measurement 

by Harry Udin 

I N 1948, the writer and his associates determined 
the surface tension of solid copper by balancing 

the force of surface tension in a very fine wire 
against an extern al load.' At that time we, in com
mon with other early workers, assumed that grain 
boundary energy in a pure metal is very small in 
comparison to the energy of an external surface. Ac
cordingly, we neglected the internal surface energy 
of the coarse-grained specimens. 

Since that time, experimental evidence has ac
cumulated showing that grain boundary energy, far 
from being small, is generally about one-third of 
the energy of an external surface."-' This is sufficient 
to introduce a significant error into our determina
tion. The differential equation governing equilib-
rium is: 

wdl = yds, + y*ds, [1 ] 
rather than 

wdl = yds 

as originally written. w is the balancing force in 
dynes, 1 the length of the specimen, S, the extern al 
and S2 the internal surface area, y the copper / 
copper vapor surface tension, and y* the grain 
boundary tension. 

Fortunately, we had made for another purpose a 
careful study of the size and shape of the grains, 
and found that the boundaries, with rare exceptions, 
traversed the specimens and were perpendicular to 
the wire axis. For this case, eq 1 leads to 

w = 1fry -( ~ ) 7Tr'y* [2] 

where r is the wire radius and ( ~ ) is the number 

of grains per unit length. A count of some twenty 
n 

5-mil wires indicated that - became 80 ± 10 after 
1 

a short anneal near the melting point, and remained 
nearly constant for as long as 96 hr at temperature. 

An assumption of y* = 1I3y leads to a defining 
equation for y: 

w = 7Try [1 - ( ~) ( ~) J 
The term in the brackets may be considered a C01'

rection factor applied to eq 11 of ref. 1. Upon ap
plying this factor, the surface tension of solid coppel" 
at its melting point is found to be 1650 :i: 100 dynes 
per cm, rather than 1370 as previously reportcd.' 
The new temperature coefficient is -0.55 dynes per 
cm per °C. 

Grain boundary energy is more significant than 
surface energy to the physical metallurgist. It is 
evident from eq 2 that aseries of experiments with 
wires of different grain size can lead to an evalua
tion of y*. The details of such an experiment are 
being worked out now. 
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