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ac susceptibility of the ferromagnetic phase of the AuFe system
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The ac susceptibility of a Au —22-at. %-Fe alloy has been studied as a function of both applied field and
thermal history in the vicinity of the Curie temperature Tc. The principal maximum in the ac susceptibility
becomes weaker, broader, and moves to lower temperatures relative to the zero-field maximum, as the external
field is increased. A second narrower peak is consequently observable, and is identified as the true critical
peak. Analysis of the critical behavior reveals that the exponent y = 1.51 while 5 = 3.6 for the as quenched

sample, and its effective Fe moment is estimated at about 6p,~. The effects of thermal history are striking; Tc
is found to increase from 213 to 278'K on aging the rapidly quenched specimen for 1500 h at 24'C, but
subsequent aging between 100 and 300'C causes Tc to fall to about 228'K. Both y and p,,ff are unchanged by
such treatment, but the apparent value for 5 increases to 3.9. These results are not consistent with the
formation of large magnetic clusters (or precipitates) during heat treatment, but may be explained by the
occurrence of short-range order which varies- the arrangement of magnetic neighbors.

I. INTRODUCTION

The AuFe system is perhaps the most extensively
examined alloy system, having recently been sub-
jected to study by small-angle critical neutron
scattering, ' asymmetric positron emission from
positive muon decay, and ac susceptibility mea-
surements' as well as by electrical, 4 thermoelec-
tric, ' thermal, ' Mossbauer, ' ' and magnetic tech-
niques. ""The consensus emerging from the
analysis of these data indicates that below 25-ppm
Fe it acts as an essentially isolated impurity sys-
tem with a Kondo temperature of about 0.24'K.
Above this concentration interimpurity interactions
are observed, which result in the occurrence of
magnetic ordering of various types. In the concen-
tration range 0.5- to 8-at.% Fe these alloys are
considered to be spin glasses, with the paramag-
netic to spin-glass trarisition being characterized
by a sharp cusp in the zero-field ac susceptibility
y, (T) at the spin-glass ordering temperature. The
mictomagnetic regime occurs above 10-at.% Fe,
where large Fe clusters and behavior strongly de-
pendent on thermal history are observed (ordering
temperatures can reportedly"" be changed by up
to 50 'K by varying heat treatments), while it has
also been suggested"" that large-cluster super-
paramagnetism occurs in this region. Finally, for
Fe concentration in excess of 17 at.%, long-range
ferromagnetism occurs. Even for these higher
concentrations, thermal history effects have been
reported. "

In this paper we report measurements of the ac
susceptibility y(T) of Au-22-at. % Fe, an alloy
whose concentration is well into the region of long-
range ferromagnetic order. We have previously
reported the ac susceptibility of the ferromagnetic

exchange-enhanced systems" PdCo and"
(Pd»Rh, )Co and presented evidence that in such
systems the principal maximum in X,(T) did not
coincide with the ferromagnetic ordering tempera-
ture T~, in contrast to the behavior reported' for
spin glasses. In these dilute ferromagnetic alloys
it was demonstrated that the principal maximum
in X(T) became weaker, broader and moved to
lower temperatures relative to the zero-field max-
imum as the dc biasing field was increased; this
weakening, however, allowed a second narrower
peak to be observed which exhibited a small up-
ward shift in temperature with increasing applied
field. For the PdCo system it was argued that this
behavior (as a function of field) provides strong
evidence that the secondary and not the principal
maximum in X(T) is the true critical susceptibility
maximum resulting from a divergence in the sus-
ceptibility at the onset of long-range magnetic
order; supplementary evidence supporting this
assignment came from the analysis of the
(Pd»Rh, )Co data. where it was shown that the or-
dering temperature T~ derived from the position
of the secondary peaks agreed within experimental
error with those derived from a resistivity study"
on the same set of alloys, whereas those derived
from the principal maxima certainly did not.

The data on the AuFe system reported in this
paper display many of the characteristics dis-
cussed above and previously reported for the Pro
and (Pd»Rh, )Co systems; in addition we present
two new features: (i) an analysis of the critical
isotherm [y(H)]r and the zero-field susceptibility
immediately above T~ which, for various reasons,
were not examined in the two systems mentioned
above. (ii) a direct measurement of the Curie
temperature, as it depends on thermal history; we
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find that even with 22-at. '%%ug Fe there remains a be-
havior normally associated with the mictomagnetic
regime.

II. EXPERIMENTAL DETAILS

The starting materials used in the alloy prepara-
tion were 99.999%%up-pure Au splatters (from Atom-
ergic Chemetals, New York) and 99.999%-pure Fe
powder (from Johnson Matthey, London). The Au

was first melted on the water-cooled Cu hearth of
an argon- ar c furnace using a tungsten electrode,
to form a button with an approximate mass of 2 g.
The button was cold rolled into sheet form, in
which the appropriate amount of Fe powder was
subsequently wrapped, and then returned to the
arc furnace. The alloy was removed from the arc
furnace after the first melt and reweighed; the
melting losses were negligibly small. The alloy
was then replaced in the furnace and homogenized
by inverting and remelting it six times.

As there exist many reports in the literature
pertaining to thermally induced changes"~"'"
in the magnetic properties of the AuFe system, we-
attempted to quench the sample in the shortest
time possible. Consequently, the alloy was cold
rolled into a sheet of thickness -40 p.m. A section
of this sheet weighing -0.2 g was sealed in Vycor
tubing and annealed for 3 days at 920 C in a vacu-
um of 10 ' Torr; it was then quickly plunged into
iced water, the Vycor tubing being smashed im-
mediately on entering the water bath. After a thin
sliver was cut from it, the AnFe sample was
mounted in a previously described" ac suscepti-
bility apparatus that had been precooled to liquid-
nitrogen temperature. We estimate the total time
the sample spent at room temperature to be 3

min.
While the procedure described above, combined

with the sheet form of the speci'men, produced
more effective quenching of the entire volume of
the sample compared with, say, a spherically
shaped sample of comparable mass (lower surface
to volume ratio), it did preclude an accurate eval-
uation of the specimen's demagnetizing factor.

The composition of the sample was checked for
us by Dr. P. Gaunt of this laboratory, who per-
formed x-ray diffraction measurements on the
aforementioned sliver. These revealed a lattice
constant of 4.0172 A which, compared with the data
of Jette et al. ,

" indicated a composition of 21.7-
at.% Fe.

vented accurate corrections for demagnetizing ef-
fects, although we estimate the sample's average
demagnetizing factor to be close. to 0.5. Both the

X (T) recordings and the internal fields subsequent-
ly used in the various critical plots were corrected
using this value for the demagnetizing factor. We
have attempted to obtain absolute susceptibility
values by calibrating the system with a MnF, sam-
ple having approximately the same filling factor as
the AuFe specimen. While relative susceptibility
values can be determined with high precision, the
absolute values are uncertain to typically +10%.
In order to optimize various features (such as
those in Fig. 1) it was not always convenient to
operate the magnetometer in a calibrated mode;
under these circumstances relative susceptibility
values only are reported.

A. Behavior in the vicinity of T&

In Fig. 1 we show the ac susceptibility X (T) of
the quenched sample as a function of temperature
in zero field and in parallel dc applied fields of 10,
25, 50, and 75 Oe. The purpose of this figure is
twofold: (a) It shows the depression of the princi-
pal maximum in y (T) by small applied fields in
what is a well established long range ferromagnet;
for the alloy investigated here this downward shift
of the principal maximum amounts to some 45 'K
in an applied field of 25 Oe. (b) In addition to this
downward shift, the associated weakening and
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The ac susceptibility data reported below were
obtained at 5 kHz in an ac driving field of 0.6-0e
rms. The somewhat irregular sample shape pre-

FIG. 1. Measured ac susceptibility of the rapidly
quenched Au —22 at.% Fe specimen as a function of
temperature in,zero applied field, and in dc fields of
10, 25, 50, and 75 Oe.
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broadening of the principal maximum allows a
second narrower peak to be observed.

Whereas both effects have been reported pre-
viouslyis, i9 for ferromagnetic alloys, the influence
of an applied field with respect to both (a) and (b)
is far more striking in AuFe than i.n any other al-
loy system we have studied. This point is em-
phasized in Fig. 2 in which the field dependence of
the second peak is examined in detail; the ease
with which an applied field suppresses the princi-
pal maximum and hence allows a study of this
second peak is evident from such a figure, which
also indicates an uPuaxd shift in temperature of
this latter peak in increasing applied fields. As
argued previously"" the behavior of the princi-
pal and secondary maxima as a function of applied
field is convincing evidence that the latter and not
the former is the true critical peak.

It is possible to obtain X(H)r from the secondaryc
peaks, and thence to deduce the exponent ~ of the
critical isotherm22 M(H)r ~H'~'. From a mea-
sured power-law dependence

q (H), H-",

the critical exponent 6 is given by

(2)

In Fig. 3(a) we have plotted X(H)r, defined by the
height of the peaks, against the .internal fi.eld H, „,
The demagnetizing correction w'as first applied to
the measured susceptibility values, whereupon an
initial estimate of 6 was made. Using this 6, an

M(H)r plot was constructed to obtain a correctionc
to the applied field, giving the internal field. Due
to the non-uniform demagnetizing factor, this pro-
cedure is rather dubious at low' fields; therefore

-2
0IO-

E 5—

IO
IO

I

20
I

50
I I

IOO 200

H, , (oe)

I

500 I k

FIG. 3. Log-log plot of the susceptibility at the critical
peak, against the internal field H, „t as defined in the
text. (a) The lower data refer to the rapidly quenched '

sample and (b) the upper points after. annealing at 225'C.

Au 22 at. % Fe

only the high-field slope was considered, which
then yielded an exponent e =O.V2 + 0.02, from which
we obtain & =3.6+0.3.

This value is somewhat smaller than what is
found in elemental ferromagnets (cf."5 =4.2 in
Ni and" 5 =4.35 in Fe), but this is largely due tO

a broadening of the critical region in the alloy, as
will be discussed below. Nevertheless, this re-
sult provides further support for the choice of the
secondary maxima as the true critical peaks.
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FIG. 2. Detailed analysis of the ac susceptibility (in
emu/gOe) of the secondary peak in various applied dc
fields (H, , in Oe).

FIG. 4. Field dependence of the position of the critical
peak in X(T); the zero-field values are the inflexion
points in Xp(T). The lower plot was obtained from the
data represented in Figs. 1 and 2, while the upper plot
is derived from the data in Fig. 9.
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FIG. 5. Critical plots of Xo(T) for (a) the rapidly
quenched sample and (b) after annealing at 225'C for
15 h.

The ordering temperature, as defined by' the po-
sition of the critical peaks, is plotted in Fig. 4 as
a function applied field. The error bars arise
from several sources; at low fields they are pri-
marily due to the rapidly varying background from
the nearby principal maximum. At higher fields,
where the principal maximum is well removed,
the second peak is itself rather broad. Figure 4
shows that the apparent ordering temperature in-
creases with field, and may be extrapolated to
render a Curie temperature T~ =213.1+0.5 K in
zero field. Within experimental uncertainty this
temperature coincides with that of the inflection
point of the X,(T) curve, as it does for other sys-
tems ""

The zero-field susceptibility above T~ can be
analyzed to extract the critical exponent y of the
expected power-law dependence '

X,(T) = Ae ', with e = T/Tc —1 .
Values of X,(T) taken from the recorded curve
were corrected for demagnetization and placed on
a log-log plot against &, using the above estimate
of T~. An upward adjustment of 0.4 K from this
value was required to obtain a best fit of the data
to a straight line for & &3 && 10 '. The corrections
to X, and T~ had a negligible effect on the slope of
Xo(E) for E & 5 x 10, the data are presented in the
upper part of Fig. 5.

It is found that y =1.51+0.02 in the range 2 && 10 '
&q &3 x10 '. This value is higher than y=1.33,
which is commonly quoted for three-dimensional
Heisenberg ferromagnets. "'" The critical ampli-

tude A derived from Fig. 5 will be discussed in
Sec. III B.

We must consider two factors which might in-
fluence the validity of these measured exponents.
The first is the spread in ordering temperatures
to be expected within a random alloy. The result-
ing smearing out. of the critical region will have a
minor effect on the apparent value of y, and then
only close to T~, and is thus of little concern here
where the spreading of the critical region is esti-
mated to amount to no more than 1 or 2 'K, or 4&
«10 '. However the effect of a smeared critical
region is extremely important in the case of the
critical isotherm. The i'ield dependence of X(II)r
drops rapidly on either side of the maximum de-
fining T~ this behavior being strongest at low
fields (see Fig. 2). The direct consequence of a
broadened critical region is thus a decrease in the
measured value of 6 as well as a reduction of the
critical amplitude. These effects are clearly seen
in the experimental results reported in Sec. IV.

The second point to consider is the presence of
a s~all background susceptibility which may arise
from magnetic entities such as clusters or para-
magnetic regions not taking part in the long-range
ordering at Tc (we can safely neglect diamagnetic
and similar contributions because of the relatively
large values of X encountered here). The major
effect of such entities would be to induce a non-
linearity in the plot of X,(e) (Fig. 5) for e & 5 x 10-',
no such nonlinearity is observed and hence we
conclude that the amount of magnetic precipitates
or superparamagnetic clusters present in our
sample above T~ is negligibly small. Further
confirmation of this conclusion comes from the
lack of any observable field dependence in y(T) at
higher temperatures (e &10 '). This latter fact is
also relevant to the interpretation of changes in-
duced by metallurgical treatment described in
Sec. III B.

Finally it should be pointed out that we omit any
discussion of possible effects of the thinness of the
foil sample on the critical behavior since the pres-
ent critical analysis is considered to be an inves-
tigative tool rather than an end in itself.

8. Effects of heat treatment

All the data discussed above were obtained on a
rapidly quenched specimen which had spent about
3 min at room temperature. At no time during
the measurements was it allowed to warm to room
temperature, and it was stored in liquid nitrogen
in intervening times. We emphasize this point be-
cause the sample subsequently showed striking ef-
fects after aging'at room temperature (24 'C).
Figure 6 details these aging effects; we have
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FIG. 6. ac susceptibility in the critical region, mea-
sured in an applied field of 100 Oe, as a function of,
room-temperature aging time.

drawn the ac susceptibility It(T), recorded during
warming in an applied field. of 100 Oe, for a range
of aging times. The nonlinear temperature scale
in Fig. 6 is a consequence of using the thermo-
couple signal for the direct recording of X(T).

Aging clearly causes a considerable increase
in the ordering temperature, amounting to some
65'K after 1500 h. In addition, the critical peak
becomes progressively broader, with an attendant
reduction in its amplitude, although the area under
the peak remains approximately constant. The ap-
parent value of 5 decreased with aging time (e.g. ,
5 =2.7 after 387 h), as is to be expected from a
spreading of the critical region.

Again, as in Fig. 4, the critical-peak positions
always extrapolate to a zero-field T, which coin-
cides with the inflection point on the X,(T) curves.
These curves are now more asymmetrical about
T~, with the inflection point occurring closer to
the lower corner in y, (T); the region between Tc
and the Ito(T) maximum is very broad (-30'K) com-
pared to that of the as-Iluenched sample (-5'K),
suggesting a larger inhomogeneity in the ferro-
magnetic state of the sample afte~ aging.

A rather extreme example of critical-peak
broadening was shown by the cold-rolled sheet
before it was heat treated; the critical peak, cen-
tered at T~-210'K, was -40 K wide, compared to
-10'K after Iluenching the sample (Fig. 2). The
corresponding value of 6 was -2.2. Prior to mea-
surement, this sample had been stored at roorq
temperature for about one year, and thus 210'K is
the practical upper limit of the ordering tempera-
ture of a cold-worked fully aged sample of the
AuFe alloy composition studied here. It is doubt-
ful, however, that signifi. cant aging effects oc-
curred in this sample. The broadening is readily
attributed to random strains in the sample.

As an aid in identifying the aging mechanism,
we have plotted the as-quenched sample's order-
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FlQ. 7. Estimated ordering temperature &z ( K)
plotted against (a) the logarithm of the room-tempera-
ture aging time t (h); The inset (b) shows T~ plotted
against I; for laboratory times.

ing temperature as a function of room temperature
aging time t; the most satisfactory relationship
is the

& Tc OI- logxot (4)

dependence depicted in Fig. 7(a). There are some
deviations from this behavior for the earliest aging
times (t &0.5 h), but there is some difficulty in
selecting the true origin of the time scale, since
aging effects occurring during the quench cannot
be accounted for with any accuracy. Note, how-
ever, that the addition of about 1 h to the aging
times allows all our data (extending over three
decades of t) to be represented by EIl. (4).

A linear plot of Tc(t) as shown in Fig. 7(b) indi-
cates that on a laboratory time scale, the change
in T~ reaches —,

' of its "saturated" value" in a time
of about 60 h. We had hoped that accelerated aging
of the sample at a higher temperature would pro-
duce a continuation of this behavior, but with a
different characteristic time. It would then have
been possible to estimate the activation energy of
the aging process and, in turn, to identify its
physical origin. Such an attempt was not success-
ful with the sample which was preaged at 24 C.
After only 15 min at 100'C., T~ was lowered from

. 277 to 260 K, instead of being raised. A further
decrease to 255 K was found for times up to 3 h
at 100 C, after which no measurable changes in

Tc occurred. It seems obvious that, if an activa-
tion energy is to be deduced from the temperature
of the rise in T~ caused by aging, the sample
should always be used in the as-quenched state,
for each aging temperature. This is especially
true when we may not assume a linear dependence
of T~ on the sample parameter directly affected
by aging.

Figure 8 summarizes the changes in the critical
peaks, in an applied field of 100 Oe, produced by
the treatment at 100'C as well as at higher temper-
atures. The sample was exposed to these con-
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FIG. 8. ac susceptibility (in emu/gOe) in the vicinity
of the critical region, measured in an applied field of
100 Oe, after annealing at successively elevated tem-
peratures (shown against the appropriate curve), sub-
sequent to room-temperature aging.

secutively increasing temperatures for around
15 h each, followed by a slow cooldown at 24 C,
as determined by the cooling rate of the vacuum
furnace. The high-temperature aging or annealing
results in a continuous, rapid decrease in T~, up
to about 200'C, above which T~ changes more
slowly towards an apparently final value of -228 K.
The positions of the critical peak at 100 Oe are
plotted in Fig. 9.

The divergent behavior of T~ represented by
Figs. 6 and 8 implies that either two distinct
metallurgical processes are in operation over
the temperature range investigated by us, or
that the magnetic behavior reflects a single pro-
cess in various stages of completion. We present-
ly favor the latter interpretation, as will be dis-
cussed in Sec. V.

In addition to the reduction in T~, the higher-
temperature treatment produces a narrowing of
the critical peak. The extent of this narrowing
associated with "annealing" at 225'C surprisingly
results in a peak even sharper than that of the
sample originally quenched from 920 C as can be
seen by comparing Figs. 6 and 8. The critical
indices after the 225'C treatment, obtained from
the plots in Figs. 3(b) and 5(b), are

6 = 3.9 + 0.2 and y = 1.51 + 0.02.

The increased value of 6 as well as the critical
peak height are both consistent with a narrowing
of the critical region, while this has no measur-
able effect on y.

In the two cases where we have analyzed the
critical behavior, we can extract values of the
effective impurity moment p. ,«, for comparison
with previous estimates and, more importantly,
as a check on changes in this quantity, resulting
from the presence of magnetic precipitates or
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FIG. 9. Estimated magnetic-ordering temper ature
('K), defined by the critical peak position in an applied
field of 100 Oe (Fig. 8), as a function of (increased)
annealing temperature ( C).
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superparamagnetic clusters induced by the heat
treatment.

The conventional manner of deducing p, ,« is from
the observed Curie-Weiss behavior well above

T~. However, during the room-temperature aging
experiment, no X,(T) data could be taken above
24'C, to avoid uncontrolled aging of the sample.
For this reason we did not obtain values of y
and p.,« for the long-aged samples, nor could

we resort to a Curie-Weiss plot to find p, ,« for
the sample even after the higher-temperature
treatments, since T~ was always too close to
these temperatures to obtain meaningful slopes.
We therefore used the following approach; in

the mean-field approximation (MFA),

X (T) =NIJ.2„,/3k(T - e) (5)

in the usual notation. Within the MFA, B=T~
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and y=1, so that we can write

Np6ff T —Tc
Xo( )- „(T T )

Np0«T Tc MFA y

3&Tc Tc

Using series-expansion methods, Ritchie and
Fisher" obtain

(T) A AMFA f

(6)

V. CONCLUSIONS

As we stated previously, "and as the above re-
sults demonstrate, a greater insight into the mag-
netic-ordering process can be obtained by s'udying
the critical behavior than by studying the reversal
of the bulk magnetization associated with the prin-

withe, ~1 for the fcc structure with S&1; A, is
slightly temperature dependent. Within the spirit
of our approach we use

X,(T) =Ac ', with A =A . (8

Experimentally we find that A =(2.95 +0.2) && 10 '
emu/gOe for the as-fluenched case (Tc =213.5'K)
and A =(2.53+0.2) x10 ' emu/gOe following an-
nealing at 225'C (Tc =229.5'K). The associated
values of p, ,«are then (6.2 + 0.2) p, ~ and (6.0
+0.2)lf~, respectively, per Fe impurity atom.
We take this constancy of p, ,« to be strong evidence
against the presence of substantial clusters which
are already magnetically ordered above Tc. Fur-
thermore, despite the lack of extended X,(T} traces
for the long-room-temperature-aged sample, a
check at equivalent temperature increments above
Tc shows no noticeable change in X,(T), suggest-
ing overall constancy of p, ,«. The above value of

p « falls between previously reported re suits of
Curie- Weiss analyses (e.g. ,

"4.7 p s and' 10.5p s},
which are higher than the value obtained from the
saturation magnetization at low temperatures""
(p, ,ff 2.8p~), for Au-22-at % Fe a. ll-oys.

We have no suitable explanation for the field
dependence of the ordering temperature, seen
in Fig. 4. The shift amounts to -10'K/kOe in
the low fields used here, and is almost indepen-
dent of thermal history. Such a strong field de-
pendence was not found in other alloys.""By
making the approximation dTc/dH = Tc/H, „, one
obtains an effective exchange field II„=20koe;
this may be compared with the effective field
H kTc/p ff 500 kOe, using p, ,ff 6p~. How-
ever, we feel that this inconsistency should not
be used as evidence of large-cluster behavior,
because of the implied lack of variation in cluster
size with heat treatment.

cipal maximum in y(T). The sharpness of the
critical peak after the initial quench, as well
as after annealing above room temperature,
shows that we are dealing with a true long-range
ferromagnet with little inhomogeneity. This should
be contrasted with the condition of the sample af-
ter considerable room-temperature aging, which
shows nonequilibrium conditions, resulting in a
much broader critical peak. Whether this is due
to microscopic phase separation into AuFe, and
AuFe (as would be suggested by the Au-Fe phase
diagram") we were unable to determine directly
particularly in view of the subsequent behavior
of the critical peak after higher-temperature
treatment. Indirect evidence on this point is pro-
vided by the critical analysis which shows that
the critical indices as well as p, ,«are not signifi-
cantly affected by the sample treatment. In par-
ticular, this lack of variation in p, ,«argues against
precipitation of n-Fe or AuFe, clusters during
aging.

In this latter sense our work agrees with that
of Borg and Dienes" who argue that the variation
in magnetic properties of the AuFe system (at
the concentration of interest here) is not caused
by the nucleation and growth of a second phase
but rather by the presence of short-range order
induced by heat treatment through the change in
proportions of like and unlike near neighbors rel-
ative to that of a random solid solution. Further,
while we agree that the greatest sensitivity to
short-range order in AuFe should occur near
17-at.% Fe, where the magnetic order supposedly
changes from mictom~agnetic to long-range fer-
romagnetic, our samples showed marked thermal
history effects even in the well-established fer-
romagnetic regime, contrary to previous results. "

Variations in the rate of vacancy-aided diffusion
and hence the degree of short-range order caused,
for example, "by the presence of local stresses,
will lead to magnetic inhomogeneity within the
sample after aging. This would account for the
spreading of the critical peaks (Fig. 6) as well as
the broadening and downward shift, relative to
Tc, of the X,(T) maxima, since domain wall motion
is expected to be the dominant process in the low-
field magnetization reversal.

For AuFe alloys near the low-concentration end
of the ferromagnetic regime and with a large num-
ber of quenched-in vacancies, we conclude that
the initiaI. rise in Tc induced by room-temperature
aging is due to an increase in the number of mag-
netic nearest-neighbor interactions. It has been
suggested' that short-range order results in the
interconnection of random chains of Fe atoms.
We may postulate further that a continuation of
this process, together with the annealing out of
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vacancies at higher temperatures, produces a
number of Fe sites with surroundings equivalent
to fcc y-Fe which will then have the effect of de-
creasing the number of ferromagnetic nearest-
neighbor interactions, by analogy with CuFe."
It is thus implied that T~ will pass through a max-,

imum during low temperature heat treatment. For
higher temperatures or longer annealing times than
were used in this work, any metastable y-Fe re-
gions will begin to precipitate as ferromagnetic
bcc e-Fe,"with very different magnetic conse-
quences.

The low value of T~ in the cold-worked sample
(slightly less than that of the rapidly quenched
sample) and the apparent lack of aging'effects is

consistent with the above explanation in that such
a sample should represent a random solid solu-
tion. The low-equilibrium density of vacancies
at room temperatures will greatly reduce the
aging rate by inhibiting the short-range-ordering
mechanism.
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