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DOREMUS: DIFFUSION

fifty (=p) to give the points in Fig. 1, whereas for
run 7 the time at 7'y was divided by fifty for the points
plotted. The lines in Fig. 1 were drawn from a
numerical integration of the equation

2 zdz
- = Ki 3
fo a(l — W) ! _ ®)

in which @ is a dimensionless parameter, ¢ is the tinme,
and K is a constant for any particular run that
depends upon  the temperature and the number
density and shape of the precipitate particles. The
relation between W and z is:

aW =2z |- 2% |- (423/372).

Equation (3) was derived for the diffusion-controlled
growth of asymmetrie particles, hut it will he used
here strietly as an empirieal relation.  The equation

—In (I — W) = Kt* (1)

with 2 a constant, is frequently compared to precipi-
tation data, but equation (3) fitted tho present
results better than this equation,

DISCUSSION

There are several assumptions involved in using
this method to find the activation energy for precipi-
tation. One assumption is that the number of pre-
cipitate particles is constant throughout the precipi-
tation process and at both temperatures. In all of
the runs reported here the curves plotted with (e
ratios p given in Table 1, such as those shown in
Fig. 1, could be superimposed on the eurves that
resulted when a sample was aged at a temperature ol
Ty throughout the entire precipitation process.  Ifor
example, the eurve for run 7 in Tig. 1 SuUperimposes
exactly on the curve in Fig. 1, ref. 2 for a unstrained
wire aged at 120°C. Theso correspondences are good
evidenee that the number of particles is  indecd
constant, hecanuse a change in the number of particles
by dissolution or formation af T, would result in
dificrent kinetic behavior at 7'y, Turthermore these
results argue  against any nueleation during the
measured precipitation period, because the rate of
such nucleation would  almost certainly have
different temperature dependence than the growth
rate of the particles. Thus the model proposed by
Wepner® cannot, apply to this system, because this
model requires continued nucleation throughout the
precipitation process.

Theaverage value of @ from Table 1s 17.1 leeal/mole
with a variation of +0.5 kecal/mole. In an earlicr
study Wert® reported a value of 17.5 -+ 1.7 keal/mole
from similar experiments on precipitation rates of
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carbon in g-ivon in the range 100°-150°C, The points
in Fig. 4 of ref. I that were determined by the precipi-
tation method seem to fall slightly below the curve
for equation (1) although the graph is too small to
make an aceurate cstimate. In any cvent the
activation energy for precipitation seems to be
appreciably lower than the activation encrgy for
diffusion  that is caleulated from the relaxation
experiments. The temperature of maximum internal
[riction at a given frequency did not vary with degree
of precipitation for the runs reported in Table 1;
this same result has heen found by other workers.(7.8)
Thus the relaxation process is not aflected hy the
presence of precipitate particles, and the rate at
which carbon atoms jump from one interstitial site
(o amother s constant, thronghout the precipitation
JPrOCess,

The activation energy for precipitation will oqual
that Tor diffusion only il the precipitation Process is
entirely controlled hy solute diffusion through the
madrix. 1 a renction at the particle surface is slow
cnough it may also influence the kineties of precipi-
tation.  When a surface reaction entirely controls
precipitation, W is proportional to ¢ for spherical
particles in the ecarly stages of precipitation; for
mixed reaction and  diffusion controlled processes
the proportionality is hetween ¢32 and 3 for spherical
particles.™  For aging temperatures above about
60°C the exponent of initial time-dependence of W
is always less than 3/2 for the preeipitation of carbon
- g-iron, 5o a reaction at the particle interface is
probably not influential in this process, although one
cannot eliminate it completely from the experimental
evidenee available. In the remainder of this discussion
we will assume that interface reactions are un-
important in the precipitation of carbon from g-iron.

The results in Table | show that the activation
energy for precipitation of earbon in g-iron is constant
within experimental error from 0° to 170°C at least.
Neither changes in carbon concentration nor cold-
working scem to affect this activation energy. The
kineties of carbide precipitation below about 60°C
arc different from those at higher temperatures.
This phenomenon will be discussed more completely
in a separate report, but it is interesting to note
here that the activation energy for particle growth
is mot affected by this change. Presumably  the
different kinetics are caused by different nucleation
mechanisms and consequent variations in the number
density of particles, rather than any change in
growth mechanism.

The lower activation energy for long-range diffusion
of carbon atoms to precipitate particles may be caused
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