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AI-base Ag alloys have been quenched from the liquid state and aged at temperatures 
within the metastable miscibility gap. It is found that in the liquid-quenched condition the 
alloys contain a solute cluster size-distribution which is considerably narrower than that 
obtained by normal bulk-quenching. Indeed, liquid-quenching is far more effective than 
fast bulk-quenching in minimizing clustering. Electrical resistivity, wide-angle and small- 
angle X-ray techniques and transmission electron microscopy have been used to study the 
evolution of the decomposition products on ageing the liquid-quenched alloys. 

1, Introduction 
Phase decomposition in quenched Al-base Ag 
alloys has been the object of numerous studies 
[1]. Small-angle X-ray scattering (SAXS) and 
electrical resistivity measurements carried out 
during ageing near ambient temperature have 
been interpreted in terms of a high density 
(10 is cm -3) of GP zones which form at the 
observed high rates owing to enhanced diffusion 
resulting from excess quenched-in vacancies. 

Several detailed models have been proposed 
for the structure and distribution of GP zones. A 
study by Baur and Gerold [2] established that 
the concentration of silver in the zones is 
controlled by a metastable miscibility gap which 
is totally submerged within the equilibrium two- 
phase region (Fig. 1). The gap is asymmetric and 
exhibits a constriction in the temperature range 
140 to 200 ~ C. Of further interest is the fact that 
for a considerable composition range the gap is 
inaccessible by solid quenching: the gap ranges 
from 0 to 60 at. ~ Ag, while the high-tempera- 
ture single-phase region which is available for 
solution treatment extends only to 23 at. ~ Ag. 

Quenching speed is of central importance in 
order to preserve a solid solution, the decomposi- 
tion of which is to be studied. This is particularly 
true in Al-base Ag since the metastable gap has a 
critical temperature of 450~ which is only 
70~ below the solvus line. The speed and 
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technique of solid quenching have improved 
considerably over the years, but it has not been 
possible to avoid solute clustering during the 
quench. Liquid quenching, in addition to enabling 
an exceedingly fast cooling rate (~ 10 6 ~ C sec-1), 
permits the formation of metastable decomposi- 
tion products in regions of the phase diagram 
which could not be attained by solid quenching. 
Furthermore, liquid quenching has frequently led 
to significant extension of solid solubility, new 
crystalline phases have been observed, and under 
certain circumstances amorphous phases are 
formed. Several reviews of liquid quenching 
have been published [3-7]. 

The main objectives of the present study are 
two-fold: (1) to quench into a region of the 
phase diagram not accessible by solid-quenching 
methods; (2) to quench at ultrahigh rates in 
order to obtain the most random solid solution 
possible. Electrical resistivity, X-ray techniques 
and transmission electron microscopy were used 
to characterize the as-quenched condition and to 
follow the rates of formation, the structures and 
the morphologies of the evolving decomposition 
products. 

2. Experimental procedure 
Master alloys of each composition, 20, 40, 60, 
70.5 and 80 ~ Ag, weighing approximately 200 g, 
were prepared from 4N silver powder and 5N 

�9 1973 Chapman and Hall Ltd. 
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Figure 1 A1-Ag phase diagram showing the metastable 
miscibility gap. [Baur and Gerold, Aeta Metallurgica 10 
(1962) 637]. 

aluminium rods (A. D. Mackay, Inc.)*. The 
alloys were melted under argon in an induction 
furnace. 

Liquid quenching was carried out using two 
different methods. The device known as the 
torsion-catapult has been described previously 
[8], and consists in catapulting (at subsonic 
velocities) the melt out of a curved furnace 
against a copper substrate. In addition, a device 
similar in principle to the original gun technique 
of  Duwez [9] was also used. 

In a few cases, to illustrate the difference 
between solid quenching and liquid quenching, 
some of the liquid-quenched specimens were re- 
homogenized in the single phase region and solid- 
quenched. The solution treatment was carried 
out in 550~ molten salt, and the specimens 
were quenched manually into 25~ water. For 
all isothermal ageing the specimens were 
immersed in silicone oil controlled to • 0.05 ~ C. 

For  X-ray studies, Debye-Scherrer patterns 
were taken in an 11.46 cm diameter camera, 
using Ni-filtered Cu radiation (40 kV and 26 mA) 
with exposures for 4 h. Diffractometer measure- 
ments were taken using copper radiation (45 kV 
and 15 mA), monochromatized by a LiF crystal 
in conjunction with a pulse height analyser. 
*Unless specified otherwise, all compositions are given 

For transmission electron microscopy (TEM), 
no thinning was necessary in the case of the 
liquid-quenched specimens obtained by the gun 
technique. Some flakes were sufficiently trans- 
parent to electrons. The edges of the torsion- 
catapult foils were also directly usable for trans- 
mission. 

Electrical resistance of the specimens was 
measured by the potentiometric four-probe 
method. An interruption technique was used for 
measurements, the resistance being determined 
at 20~ in a temperature-controlled bath 
(+ 0.o5oc). 

A Kratky camera was used for SAXS measure- 
ments. The radiation was Ni-filtered copper 
(34 kV and 40 mA). Step-scanning was employed 
the scattered radiation being detected with a 
proportional counter in conjunction with a pulse 
height analyser. 

3, Results and discussion 
3.1. Characterization of the as-quenched 

structure 
The results for the two different liquid-quenching 
techniques, gun and torsion-catapult, are presen- 
ted separately. The specimens from the gun 
technique were directly suitable for X-ray 
powder studies and for TEM. The torsion- 
catapult foils were studied with both high-angle 
X-rays and SAXS. TEM observations were 
limited to the very thin edges of  the foils. 

3.1.1. The gun technique 
(a) Lattice parameter - extension o f  solid solu- 
bility. The gun technique yields a powdery 
material which is easily removed from the copper 
substrate. The powder was filtered through a I00 
mesh screen and the resulting particles were 
inserted into a 0.5 mm quartz capillary and 
mounted in the camera. The patterns were all o f  
good quality and could be measured accurately 
to 0.01 ram. The lattice parameter obtained f rom 
the high angle reflections are extrapolated to, 
0 = 90 ~ versus the Nelson-Riley function. 

The results for the as-liquid-quenched alloys 
with 20, 40, 70.5 ~ Ag are shown in Fig. 2. The 
values for the lattice parameters given in A units 
were calculated from Keel, K~2 or K~ reflections 
weighted in the ratio 2 to 1. Second-phase lines 
were detected only in the pattern of  the 80 ~ Ag 
specimen. 

The lattice parameter-composition plot shows 
a negative deviation from Vegard's relation. The 

in wt %. 
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Figure 2 Lattice parameters of liquid quenched A1-Ag alloys compared with the literature values. 

lattice parameters of Al-base Ag solid solutions 
have been the object of several investigations 
[10-16]. The results are summarized in Table I 
and plotted together with our results in Fig. 2. 
The present values of lattice parameters are the 
highest with the exception of Simerska [16] and 
Guljaev and Trusova [12]. In both of these 
studies a positive deviation from Vegard's 
relation was reported. The values of Simerska 
were determined at high temperatures and extra- 
polated to room temperature. The results of 
Guljaev and Trusova are in question since 
Pearson [17] has noted that similar measure- 
ments by the same authors on systems other than 
A1-Ag also disagree with different recent work. 

If one examines the technique of specimen 
preparation used by the various investigators, as 
briefly summarized in Table I, there appears to 
be a pattern in the results; i.e., the higher the 
quenching rate, the larger the parameters. 
Increasing the quenching rate should reduce the 
amount of quench-clustering. Therefore, it 
appears that clustering is resulting in a change of 
lattice parameter, corresponding to a loss of 
solute from solution. Since lattice parameter 
increases with solute content, it clearly follows 
that liquid quenching is superior to bulk 
quenching in minimizing clustering. 

A further observation from the lattice para- 
meter-composition results is that a considerable 
extension of solid solubility from the 23.7 at. 
Ag equilibrium value at high temperature to 
37.5 at. ~ Ag is made possible by liquid quench- 
ing. The extension of solid solubility has also been 
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reported by Dixmier and Guinier for this system. 
Extension of solubility limits in aluminium-base 
alloys has been observed in numerous studies 
[18]. As early as 1952, Falkenhagen and 
Hofmann reported increased solubility for iron, 
manganese, chromium, vanadium and titanium 
[19]. 
(b) T E M  studies. Large areas of the gun- 
quenched specimens were adequate for TEM 
study without thinning. The flakes, easily 
removed from the copper substrate, were 
inserted immediately into the electron micro- 
scope. The few plates reproduced here are 
typical of numerous plates which were taken. 

Typical microstructures of the A1-20 ~ Ag are 
shown in Fig. 3. In all cases a single fcc phase 
was observed. No unusual selected area diffrac- 
tion (SAD) patterns were recorded. The grains 
are e longated-  a few microns w id e -  and the 
grain boundaries are apparently free of precipi- 
tates. Small dislocation loops, 100.~ or less in 
diameter, are seen in Fig. 3b. The change of 
visibility around the loops is a contrast effect 
arising when a portion of the loop is steeply 
inclined to the foil surface. No stacking fault 
contrast is seen within the loops. Large numbers 
of dislocations were observed in some areas 
(Fig. 3c); these may be very irregular helical 
dislocations. The dislocations seen in Fig. 3c 
are oriented in a given direction. This area may 
have been inadvertently deformed during hand- 
ling. Often, in the thinnest part of the specimen, 
the area was completely free of any defects. The 
examination of liquid-quenched A1-40 ~ Ag gave 
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Figure 3(a) to (c). Typical electron micrographs of as 

similar results: a single phase and elongated 
grains. There appears to be no influence of 
concentration on grain size. 

Examples of micrographs for the eutectic 
composition, A1-70.5 ~ Ag, are seen in Fig. 4. 
Even for the thinnest sections (a) and (b), the 
grain boundaries contain some form of precipi- 
tate. A second phase is present in (c). The 
apparent periodic alignment of this precipitate 
may be due to the nearly unidirectional heat 
transfer during solidification. A dendritic-type 
structure is also observed for the A1-80 ~ Ag 
alloy (Fig. 5). The characteristic tree-like pattern 
in micrograph (a) has a spacing of approx- 
imately 1200 to 1600~. Larger spacings are 
visible in the thicker areas of Fig. 5. 

Dendrite arm spacing is a function of the rate 
of cooling [20] and, therefore, can be used to 
estimate quenching rate [21]. Using the expres- 
sion of Chalmers [20] and the data of Matyja 
et al [21 ], it is found that the cooling rate for the 

1486 

liquid-quenched (gun tecnnique) A1-20Yo Ag. 

present experiments is of the order of 106 
~ sec -1, which is in good agreement with 
previous estimates for the gun technique [4]. 

3.1.2. The torsion-catapult 
High-angle X-ray diffraction patterns were 
taken from both surfaces of a number of liquid- 
quenched foils. The surface finish of the copper 
substrate was found to have a noticeable influ- 
ence on the patterns. If  a sand-blasted substrate 
was used, no distinction between the two 
surfaces (i.e. the specimen surface in contact with 
the substrate versus the surface exposed to the 
atmosphere) could be made on the basis of the 
diffraction patterns for the low concentration 
alloys. On the other hand, for the high concentra- 
tion alloys, if a polished surface was used, the 
presence of a second phase was observed on the 
side of the foil not in contact with the substrate. 

The TEM results for the torsion-catapult are 
similar to the observations made using the gun  
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Figure 3 continued, 

technique. Large numbers of small dislocation 
loops and helical dislocations are observed. A 
plane of zero contrast is seen for some of the 
loops, indicating a large inclination of the 
invisible segment to the foil surface. Where 
dislocations exist, the density of loops is greatly 
reduced or even totally absent. A single fcc phase 
was obtained for A1-20 ~ Ag and A1-40 ~ Ag. 

3.1.3. Efficiency of the liquM quench 
X-ray powder patterns and TEM results indicate 
that for a wide composition range solid solutions 
can be obtained by quenching from the liquid. 
However, both normal X-ray methods and TEM 
are relatively insensitive to decomposition on a 
very small scale. Heterogeneities of  20~ or less 
are difficult to detect with T E M -  especially so 
in A1-Ag due to the absence of any strain 
contrast. SAXS studies were undertaken to 
study small-scale clustering in an effort to corn- 

pare the efficiency of the liquid quenching tech- 
nique with normal solid quenching. 

The interpretation of many of the SAXS data 
involved the determination of the radius of 
gyration (Appendix 1). In the present study it 
was often observed that the Guinier plots 
( log/versus  d)  were not linear over the entire 
angular range of interest, indicating that the 
system contains a significant distribution of 
particle sizes. Jellinek et al [22] have suggested a 
graphical method for analysing such data. The 
approach is straightforward and provides useful 
qualitative information. In this method the 
particle size distribution is approximated by a 
set of discrete fractions. The method was applied 
to both solid-quenched specimens and to speci- 
mens quenched from the liquid onto substrates 
of different surface conditions. 

The results of  this graphical analysis of  the 
SAXS data are given in Table II and lead to 
some interesting conclusions. For the solid- 
quenched specimens, large particles ( > 2 1 A )  
account for a considerable weight fraction (40 ~).  
On the other hand, quenching from the liquid 
onto a substrate with good heat transfer pro- 
duces a rather sharp particle size distribution: 
small particles, 12 to 13~ diameter, represent 
over 9 5 ~  of the weight fraction. Particle size 
distribution is considerably narrower for the 
polished (320 grit) surface. Note too that 
substrate temperature has a much smaller 
influence than surface finish condition. 

TABLE II Summary of SAXS calculations 

Condition Particle Weight 
radius fraction 

Solid-quenched 
550~ -+ brine ( -  22~ 7.5 0.60 

21.0 0.25 
27.0 0.15 

Liquid-quenched 
1. Substrate ground 320 grits, 

temperature 40 ~ C 

2. Substrate sand-blasted, 
temperature 40 ~ C 

3. Substrate sand-blasted, 
temperature 12 ~ C 

8.0 0.56 
18.5 0.15 
26.5 0.29 
6.5 0.96 

15.0 0.04 
5.5 0.95 

13.5 0.o5 

3.2. Decomposition of the liquid-quenched 
structures 

Following the analysis of the as-quenched 
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Figure 4(a) to (c). Typical electron micrographs of as liquid-quenched (gun technique) A1-70.5 ~ Ag. 

condition, the decomposition of the liquid- 
quenched specimens was investigated both 
kinetically and microstructurally. The observa- 
tion of decomposition in specimens prepared 
using the gun technique was limited to hot- 
stage TEM. The torsion-catapult specimens 
were investigated using electrical resistance, 
high-angle X-rays and SAXS. The decomposi- 
tion was followed in the temperature range from 
50 to 200~ 

3.2.1. Gun technique, hot-stage TEM 
Direct micrographic evidence of precipitation in 
thin sections of liquid-quenched A1-40~ Ag 
specimens is shown in Fig. 6. The as-quenched 
structure is shown in Fig. 6a, where a solid 
solution with a small amount of grain-boundary 

precipitate is observed. The temperature of the 
hot stage was estimated to be 300~ No photo- 
graph could be taken during the first 5 rain be- 
cause of thermal drifting of the image. The struc- 
ture after 5 min (Fig. 6b) has two characteristic 
features: copious precipitation is observed along 
grain boundaries and, in some grains, long 
narrow precipitates, 7' or 7, are seen. The 
background structure is initially without distinct 
shape or morphology, but appears to be a non- 
oriented modulated precipitate. The modula- 
tions* grow competitively except near the grow- 
ing 7' precipitates or near grain boundaries. The 
modulated structure is seen to mature, changing 
gradually to individual particles. The maximum 
observed dimension of these particles is about 
500A, as seen in Fig. 6e. Those particles within 

*The size of the background modulations is difficult to estimate. The measurements were always made in the same region 
in each micrograph where the influence of grain boundaries and precipitates are the least. A line was traced at random 
and the number of modulations or particles of different shade were counted. A linear dependence of dimension on 
time is found when the particle size is plotted as a function of ageing time on a log-log scale. 
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solid-state isothermal reactions can be described 
by a form of the Johnson-Mehl equation: 

where X is the fraction transformed at time t, K 

Figure 4 continued, 

the grains dissolve in regions adjacent to growing 
platelets or grain boundaries. 

3.2.2. Torsion-catapult technique 
The electrical resistance of liquid-quenched 
A1-40 ~ Ag was measured at room temperature 
by the interruption of isothermal ageing in the 
temperature range l l0  to 175~ (Fig. 7). In 
addition, a kinetic study of ageing was carried 
out at 150 and 175~ with high-angle X-ray 
diffractometry. A second phase, indexed as hcp, 
develops on ageing in this temperature range. 
The integrated intensities of the (1.01) reflection 
of the second phase and the (200) matrix 
reflection were measured as a function of time at 
150 and 175~ The intensity of the (1.01) 
reflection increases with ageing time while the 
(200) matrix reflection decreases. 

An empirical analysis is used to describe the 
isothermal kinetics for both the resistance and 
the X-ray experiments. The early regime of many 

Figure 5(a) and (b) Typical electron micrographs of as 
liquid-quenched (gun technique) A1-80 ~. Ag. 
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Figure 6(a)to (f). Electron micrographs sequence from liquid-quenched A1-40% Ag aged in the microscope 
(gun technique). 

is a temperature-dependent parameter containing 
the activation energy for the process, and n is a 
constant. X can be related to a change in 
property by 
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where the subscripts are for zero time, time t and 
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Figure 7 Change in electrical resistance versus time for 
liquid-quenched A1-40% Ag aged at 110, 130, 150, 160 
and 175 ~ C (torsion-catapult). 

Figure 6 continued. 

infinity, respectively [23]. The properties used 
here are electrical resistance, R, and integrated 
X-ray intensity of a given reflection. An activa- 
tion energy, Q, for the process can be computed 

from the experimental data in a number of ways; 
rate-constant method, cross-cut method and 
change-of-slope method. 

To test Equation 1, the appropriate plot for 
ageing at 175~ is shown in Fig. 8 and consists 
of two linear sections of slopes 1.6 and 0.5, 
respectively. The plots for ageing at 150 and 
160~ are similar but exhibit larger deviations 
from linearity. The fraction transformed versus 
ageing time as determined from X-ray data is 
shown in Fig. 9; data for two ageing tempera- 
tures are included. 

The activation energies determined by the 
three methods from the electrical resistance and 
X-ray data are reported in Table III together 
with the evaluation of n. 

IC I I I 
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Figure 8 log In(l/1 - X) versus log t plot from analysis 
o f  change in resistance data (ageing at 175 ~ C). 
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Figure 9 Fraction transformed as a function of ageing 
time at 150 and 175~ evaluated from the intensity 
change of the (1.01) reflection. 

Consider first the evaluation of n. Two values 
are obtained in the temperature range 150 to 
175~ The first stage has an n of 1.6 which 
extends to 0.18 fraction transformed; the second 
stage with an n of 0.5 extends from 0.18 to about 
0.93 fraction transformed. On the other hand, 
for the X-ray study at 150~ a similar analysis 
gives an n of 0.5 for a short initial portion extend- 
ing up to 0.08, followed by a value near unity up 
to 0.57 fraction transformed. At 175~ a single 

stage is observed with an n of unity from 0.02 
to 0,65 fraction transformed. 

It is of interest to compare these experi- 
mentally determined values of n with theory. 
Ham [24] has shown that a value for n of 3/2 is 
characteristic of the diffusion-controlled growth 
of a fixed number of particles irrespective of the 
shape of the particles. For thickening of large 
plates by diffusion, n is expected to be 1/2. The 
values of n obtained from the change in resist- 
ance can thus be explained by initial diffusion- 
controlled growth of particles, followed by a 
stage of thickening of the precipitate platelets. 

The changes in intensity of the precipitate and 
matrix X-ray reflections give a value of unity for 
n which is not consistent with the resistance data. 
A comparison between the isothermal ageing at 
175~ for the resistance and X-rays (cf. Figs. 7 
and 9) indicates for the former that the time for 
half-reaction is about 80 rain, whereas it is about 
700 rain for the X-ray data. It is thus clear that 
the X-ray data represent a later feature of the 
reaction. The unity value found for n at 175~ 
from the X-ray data is likely due to coarsening: 
the scattered X-ray intensity will change with 
volume of the growing phase, and in coarsening 
reactions the average radius grows as t 1/a. The 
volume will thus grow as t, which is observed 
from the X-ray data at 175 and at 150~ after an 
n = �89 transient. 

T A B L E I I I Summary of the empirical kinetics analysis 
Evaluation of n 

Temperature range (~ C) 

150 to 175 

150 

175 

Electrical resistance 

1.64 zE 0.10 (X = 0.00 -+ 0.18) 
0.46 i 0.02 (X = 0.18 -+ 0.98) 

High-angle X-ray diffraction 

0.48 zE 0.02 (X - 0.01 ~ 0.08) 
1.12 ~ 0.06 (X = 0.08 -+ 0.57) 

1.00 :E 0.03 (X = 0.02 ~ 0.65) 

Activation energies in kcal mol-* 

Method Temperature range 
(~ 

Electrical resistance High-angle X-ray 

Rate-constant 110 to 175 
150 to 175 

Cross-cut 110 to 175 
150 to 175 

Change-of-slope 
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110 to 175 

20.0 =L 1.7 

Increases up to X = 0.3, then 19.6 

19.7 ~ 1.0 

27.5 :E 2.2 

Decreases up to X = 0.2, 
then 26.8 
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Let us now consider the multiple values of 
activation energies, Q, obtained from the 
resistance and the X-ray data (Table III). Of the 
three methods used, the rate-constant and cross- 
cut methods are closely connected since the rate 
is simply an evaluation of Q at 0.632 fraction- 
transformed. Any variation of Q with X is best 
observed using the change-of-slope method. The 
value obtained at a certain fraction transformed, 
X, using the cross-cut technique, is an average of 
the process from the beginning to the value under 
consideration. 

The estimate of Q for the total temperature 
range under investigation by the three methods of 
calculation using the resistance data, agree well 
with an average value of 19.6 ~ 1.0 kcal mo1-1. 
The estimate is also found to be nearly independ- 
ent of the fraction-transformed. Our value is 
close to the results of Turnbull et al [25] and 
Borelius and Larsson [26] using electrical 
resistance and Baur and Gerold [27] using 
SAXS. 

The apparent activation energy which is 
obtained from the X-ray study is noticeably 
different. The rate-constant estimate is 27.5 ~ 2.2 
kcal mol -~. Using the cross-cut method, the 
value of 32.3 ~ 2.5, kcal mol -~ obtained at 
X = 0.1 rapidly decreases and reaches a plateau 
of 26.9 :~ 1.4 kcal tool -a from X = 0.2 to 0.7. 
These energies are close to the value of Toman, 
28.6 kcal tool -a, for a similar study on single 
crystal A1-9.6 at. % Ag aged in the temperature 
range 173 to 260~ [28]. K6ster and his group, 
following changes in physical properties, also 
give a similar value for the activation energy 
[291. 

In summary, two activation energies are 
observed in the temperature range 110 to 
175~ approximately 20 =~ 2 kcal tool -1 from 
the change in electrical resistance and 27 • 2 
kcal tool -1 from the high-angle X-ray study. The 
latter is probably representative of equilibrium 
volume diffusion, and the good agreement with 
the activation energy results from the single- 
crystal study of Toman eliminates grain-bound- 
ary diffusion as an important factor. 

Since the resistivity data are representative of 
an earlier stage of reaction than for the X-ray 
measurements the lower activation energies noted 
for the former can be explained as being due to 
liquid-quenched excess vacancies. The original 
quench will freeze in large numbers of excess 
vacancies (certainly the system contains of the 
order of 10 -4 atomic fractions vacancies prior to 

the quench). Some of the vacancies persist in 
metastable traps and are likely released and are 
available for enhancing the precipitation reaction. 
This enhancement is observed in the resistivity 
data, but not in the X-ray studies, where mainly 
later, post-vacancy decay reactions predominate. 
This is consistent with the values ofn which were 
obtained in this study. 

4. Conclusions 
It has been possible to quench a wide range of 
A1-Ag alloys into regions of the phase diagram 
not accessible by solid quenching. Electrical 
resistivity, X-ray techniques and TEM have been 
used to characterize the as-quenched condition 
and to follow the kinetics, structures and 
morphologies of the decomposition products of 
the liquid-quenched specimens. 

4.1. The gun technique 
Lattice parameter measurements indicate that 
liquid-quenching is superior to bulk-quenching 
in minimizing clustering. 

Considerable extension of solid solubility, 
from the 55.6 % Ag (23.7 at. % Ag) equilibrium 
limit to 70.5% Ag (37.5 at. % Ag), is made 
possible by liquid-quenching. 

In typical microstructures of the low- 
concentration alloys (20 and 40 % Ag) the grains 
are elongated and the grain boundaries are free 
of precipitates. In the highly concentrated 
A1-80% Ag alloy a dendritic-type structure is 
observed and, using the dendrite arm spacing, 
the cooling rate is found to be of the order of 
10 6 ~ sec -1. 

The observation of decomposition of A1-40 % 
Ag was carried out with hot-stage TEM at 
300~ The structure after a few minutes at 
temperature had some characteristic features; 
copious precipitation along the grain boundaries, 
long narrow precipitates of 7' or 7 within some 
of the grains and background composition 
modulations. These modulations developed and 
grew competitively to a maximum dimension of 
about 500/~. It is suggested that the modulations 
are a manifestation of spinodal decomposition. 
A SAXS study supporting this conclusion will be 
reported in a forthcoming publication [30]. 

4.2. The torsion-catapult technique AI-40% 
Ag 

The TEM results are similar to the observations 
made on the specimens from the gun technique. 

The sharper size distribution of the clusters, as 
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obta ined  f rom SAXS,  confirm tha t  l iquid- 
quenching is more  efficient than  bulk-quenching  
in preserving a solid solution.  

The  t ime law exponent ,  n, and  the ac t iva t ion  
energy, Q, of  the empir ical  analysis were 
evaluated  for  the electrical  resistance and X- ray  
data.  The values o f n  ob ta ined  f rom the change in 
resistance can be explained by  init ial  diffusion- 
cont ro l led  growth  o f  part icles fol lowed by  a 
stage of  th ickening of  the prec ip i ta te  platelets.  
On the other  hand,  the X-rays  are sensitive 
pr incipal ly  to a la ter  feature of  the reaction,  and  
the value of  uni ty found  for  n is l ikely due to 
coarsening.  

Two act ivat ion energies are observed in the 
t empera tu re  range 110 to 175~ approx imate ly  
20 i 2 kcal  mol -*  f rom the change in electrical 
resistance and 27 ~ 2 kcal  tool-* f rom the 
X-ray  study. The la t ter  is representat ive  o f  
equi l ibr ium volume diffusion, while the lower Q 
noted  for  the resistance da ta  can be due to 
l iquid-quenched excess vacancies. 
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Appendix 1 
Guinier*,  assuming tha t  the part icles are o f  
identical  shape,  sufficiently well-spaced and  o f  
r a n d o m  dis t r ibut ion,  has  shown that  the intensi ty 
of  the scat tered X-rays  can be approx ima ted  by, 

( 47r~ R2 ~ ) 
I = M n  2 Ie exp 3M 

where M = the number  of  scat ter ing part icles 
i r r ad ia ted ;  n = the  difference in the number  of  
electrons between the par t ic le  and  the sur rounding  
mat r ix ;  R = radius  of  gyra t ion ;  Ie = the intensi ty 
scat tered by  an electron;  E = the scat ter ing 
angle = 20; 2~ = the wavelength of  the X-rays.  
As seen f rom the equat ion,  if  the logar i thm of  the 
scat tered intensi ty is p lo t t ed  versus the square of  
the scat tered angle, the slope o f  the line can be 
used to determine the radius  o f  gyrat ion,  R. 
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