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The aluminum~-silver phase diagram is shown in Fig. 1. Gerold (1)
has established that the cancentratian of silver in the zones is con-
trolled by a metastable miscibility gap which is totally suhmerged within
the equililrium phase diagram. Of interest 1is the fact that the gap is
inaccessible by bulk solid quench for a considerable camposition range.
Since the gap reaches the relatively high temperature of 450°C, quenching
speed 1is of primordial importance for the preservation of a high tenper-
ature state, Quenching fram the liquid has then great appeal for this
gystem.

A study of the as liquid-quenched (LQ) condition and its decampo-
sition is presented. The specimens were quenched using either the
Duwez-gun technique or the torsian-catapult. The retentiaon of a single
phase vas initially examined with X-ray-Debye~Scherrer~and transmission
electran microscopy. The Debye-Scherrer results are shown in Fig. 2.
The lattice parameters were obtained using the Nelson-Riley extrapolation.
The lattice parameter cawosition relation is not linear but increases
fairly rapidly up to 14 at.% after which the lattice parameter is nearly
constant. Gampared with the literature values, cur results of lattice
parameters are the highest with the exception of those of Simerska (2)
and Guljaev and Trusova (3) which show a positive deviaticn fram Vegard's
relation, The experiments of Guljaev and Trusova are subject to serious
Joubt according to Pearsan (4) who remarks that similar measuraments by
the same authors also disagree with other recent worke On the other
hand, the values of Simerska were determined at high tamperatures and
extrapolated to room tamperature. Two interesting cbservations can be
madet 1) there appears to be a pattern, i.e. the higher the quenching
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rate, the higher the value of the parameters. Clustering would be
reflected in a change of lattice parameter corresponding to a loss of
solute, Since the lattice parameter increases with solute, the differ-
ence in lattice parameter between fast quench and slow quench should be
positive for a clustering reaction. Our results are then indicative

of the superiority of the IQ technique over bulk quenching in minimizing
clustering; 2) a considerable extension of solid solubility is observed,
result also confirmed by Dixmier and Guinier (5).

WEIGHT % SLVER
2 % L 4
"E:__'_'__;"--- _ aom|- ’[J"’
.:w ;" 4086 // '_"’ e e
E"/ ¥ /L
g-: .\\ ,2 4054 ~ o
e II\\_h___ gnou ,."">_____
- \ F//:ﬁf/:: ’
S S I ow e e o——,
—_— e T pp— ATOMIC % SRVER
FIG. 1 T FIG. 2
Al-Ag phase diagram Lattice parameters versus carposition

Typical microstructures for the Al 20 wt % Ag are shown in Fig. 3.
In all cases a single FOC phase was observed. 'The grains are elangated
and the grain boundaries apparently free of precipitatess The exami-
nation of IQ Al 40 wt % Aq, Fig, 4, gave similar results - apparently
only a single FCC phase, Exanples of micrographs for the eutectic,
Al 70.5 wt % Ag, are seen in Fig, 5. Even in the thinnest esctians the
' grain boundaries contain eare form of precipitate. In the highly con-
centrated Al B8O wt % Ay alloy a dendritic-type structure is abserved;
Fiq. 6. The tree-like pattern has a spacing of apmrudmately 1200 to
1600 %, The edges of the torsion—catapult foils were also sufficiently
thin and the results were similar to those using the qun technique.
Electran microscope abservations not only confimm the X-ray results but
also give infarmation on the structure; i.e., grain size, shape,
orientation and defect distribution,
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FIG. 5  FIG. 6

Electron micrographs Elactran micrographe
fram Al 70.5 wt.$ Ag fram Al 80 wt.S Ag

The preliminary acbservations usig mbrye-Scherrer and electron
microscopy indicate that we are apparently successful in preserving a
single phase by quenching fram the liguid. However, these teclniques
are insensitive to small scale dexwpoeitian. SAXS studies were under-
taken to qualify the cbservations of single phase material. If the
logaritim of the intensity is plotted versus c2 (the Guinier's plot),
Fig. 7, the slope of the line can be used to determine the radius of the
scattering regions or particles. It is abservend that the plots are not
linear, an indication that the system contains a distribution of particle
sizes. Jellinek et al (6) have suggested a graphical method for
analyzing the data. The gqppraach is simple but sufficient for the
present use, The distribution is approximated by a set of discrete
fractions, A tangent is drawn to the experimental curve at the largest
measured angle; a new curve not containing the cantribution of this
fraction is obtainad by subtracting fram the original curve the values
of the tangent. The SAXS results are summarized in Table 1. The par-
ticle size distribution is cansiderably narrower in specimens quenched
fram the liquid than fram the solid.
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FIG. 7

Illustration of the
graphical deaompositian

TABLE 1
Suamary of Calculatiaons

Weight Nurber
Oondition Radius () Fracti Fraction
SOLIDOUENCHID . 7.4 0.15 0.98
550°C = Brine (~22°C) . 20,9 .60 .015
26.8 .25 005
LIQUID-QUENCHED
1) substrate 320 grits 8.1 0.56 0.97
o 18.7 .15 .02
tamparature 40°C 26.6 «29 .0l
2) substrate sand blasted 6.4 0.96 0.996
tamparature 40°C 15.2 .04 004
3) substrate sand blasted 5.6 0.95 0,99
tanperature 12°C 13.7 .05 .0l

Following the analysis of the as-quenched condition, the decarposition
of the torsion-catapult specimens was investigated using electrical resis-
tance, high-angle X-ray and SAXS,

Tie empirical analysis of the electrical resistance and high-angle
X-ray work will not be repurted here but the results briefly sumarized.
The estimate of the activation energy fram the resistance data in the
temperature range 110 to 175°C, 20.0 ¢ 2.0 K cal/mole is in fair agreement
with the literature results. - The apparent activation energy obtained
fram X-ray study at 150 and 175°C, 27.0 t 2.0 K cal/ole is also near
the values of similar studies previcusly reparted.

Finally the Al 40 wt % Ag was investigated for the presence of a
spinodal mode of decawposition, The Rmndman-Hilliard analysis (7) of the
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SAXS gpectra, the only available reliable test for spinodal was applied.
The analysis will not be repruduced here but the necessary plots are shown
schematically in Fig. 8. The natural logarithm of the measured intensity
plotted against time ahould be linear with a slope of 2R(8), Then when
the amplification factor, R(B), is plotted against 8, a maximm and a
critical value of B are abtained. The plot of R(B)/B2 versus B2 should
be linear.

The temperature range 50 to 175°C was investigated. The spectnum
of R(B) versus B is shown for anly ane tamperature, 150°C, in Fig. 9.
The more stringent test of the theory is in the linearity of the plot
R(B)/8% versus 82 shown in Fig. 10, The cbserved relationship is defi-
nitely not linear. Our proposal to explain the deviation fram “ideality"
is that two paths of decamposition are occurring simultanecusly. 'The
apparent clirvature is then due to the sum of two linear sections. The
two modes of decawosition were not observed during aging of the SQ
specimen.
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Schematic represen- R(8) versus 8, R(B)/82 versus 8.2,
tation of Rmdman- IQAl40wt.3Ag 1IQ Al 40 wt.gAg
Hilliard analysis aged at 150 C. aged at 150°C.
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DISCUSSION

What :is the "Torsion - catapult" ?

The torsion-catapult, details of wich will be found in the

literature (Materials Science and Engineering 3, 62 (1968)), is

a technique in which the liquid is propelled by a catapult out of
a curved furnace and into a copper ski-slide substrate.

1. The verification of Cahn’s theory relies on-approximations
valid for the very first stages of precipitation. Unfortunately
in that stage, measurements of diffracted X-ray intensity
are difficult because they are very small.

2. It Is not correct to use the (log I- & 2) plot in a - quantitative

way outside of the initial linear regions.

. The comment of Prof. Guinier on the verification of Cahn’s

theory is vell gppreciated. The intensities were small and the
linearity of the logarithm of the intensity versus time was only
of the order of 75 sec at 150°C for example. The point to kee;
in mind is that we do have strong evidence for spinodal
decomposition even if the small deviations from "ideality" are
not fully explained.

. The simple graphic method for the analysis of the (log | -.Ez)

plot was only for qualitative comparison of the size
distribution in liquid and solid quenched specimend,





