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'!he alumim.m-silver phase diagram is shown in Fig. 1. C',erold (1) 
has established that the ocncentratim of silver in the zones is coo.­
trolled by a rretastable misc.iliility gap which is totally subrerged within 
the e:;iuilibritUn phase diagram. Of interest is the fact that the gap is 
inacoess.ilile by bulk solid quench for a considerable catp:>sition range. 
Since the gap reaches the relatively high tatperature of 45o0c, quenching 
speed is of pr:lrcordial :IJTportance for the preservat.icn of a high tenper­
ature state. QUenehing £ran the liquid has then great appeal for this 

system. 

A study of the as 11.quid-quenchel (I.Q) caidition and its decarp;,­
sitioo is presented. The spec.trrens were quenched using either the 
Du\oJez-gun technique or the torsion-catapult. '1he retention of a single 
phase was initially examined with X-ray-Debye-Scherrer-and transmission 
electrcn microscopy. The Debye-Scherrer results are shown in Fig. 2. 
'.I.be lattice parareters were obtained using the Nelsoo-Riley extrapolation. 
'!he lattice parareter cxnposition relaticn is not linear rut increases 
fairly rapidly up to 14 at.% after which the lattice parareter is nearly 
ccnstant. Catpared with the literature values, our results of lattice 
pararreters are the highest with the �on of those of Sinerska (2)
and Guljaev and 'l'ruoova (3) which soow a positive deviatia1 £ran Vegard' s  

relaticn. - '!be experinents of Guljaev and Trusova are subject to serious 
Joobt acoording to Pearscn (4) who rerarks that similar neaSI.U"Elne!lts by 
the same autoors also disagree with other recent work. en the other 

ham, the values of Sinerska were determined at high tenperatures and 
extrapolated to roan t:mperature. '1\,,0 interesting observaticns can be 
!Mdes 1) there_ appears to be a pattern, i.e. the higher the quenching 
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rate, the higher the value of the parmreters. Clustering 'i01ld be 
reflected in a change of latt:I.Cle parameter c;iorrespcnding to a loss of 
solute. Since the lattice paraneter increases with solute, the differ­
ence in lattice pararreter be� fast quench and slow quench should be 
positive for a clustering reactiai. our results are � .indicative 
of the superiority of the LQ technique over bulk �chlng in minimizing 
clustering, 2) a ccnsiderable extensiai of solid solubility is observed, 
result also ccnfinlled by O!Janier and Guinier (5) ,

»- � - � .,"

FIG• 1
Al-Pig phase diagram 
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Iattioe pararreters versus ClallJOSition 

'fypical microstructures for the Al 20 wt I Ag are sha,m in Fig. 3. 
In all cases a single FCC phase was observed. 'ltie grains are elaigated 
and the grain boundaries awarently free of precipitates. 'lbe exami­
nation of I.Q Al 40 wt I Ag, Fig. 4 ,  gave similar results - aw;u-ently 
aily a single FCC phase. Elcar!ples of micrographs for the eutectic, 

Al 70.5 wt I h.J, are seen in Fig. 5. Even in the thinnest eecticns the 
· grain boundaries ocntain eam fm:m of precipitate. In the highly ocn­

centrated Al BO wt I Ag alloy a dendritic-type structure is observed,
Fig. 6. '!tie tree-like pattem has a spacing of approximately 1200 to
1600 i. '!be edges of the torsial-catapult foils were also sufficiently 
thin and the results were s:lmilar to those using the gWl technique.
Jllectral mictosoope observatiais not aily ocnfixm . the x-ray results wt 
also give infa:rnatial a\ the atruature, i.e. , grain size, shape,
orientatim and defect disb:ibltion,



FIG. 3 

Elect.roo micrographs 
fran Al 20 wt.I Ag 

FIG. 5 
Electral rnicrographs 
fran Al 70.5 wt.I Ag 

6 . 3  

FIG. 4 
EJec+rm ldanp api1S 
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FIG. 6 

£1*::tz:al mi.crogxapl8 
fran Al 80 wt.I Ag 

'lbe preliminary observatiaul w,inl �z:m:: and elect:ral 
microscopy indicate that we are IIR*Rl'tly aJCCessful 1n preserving a 
single phase by quenching fran th8 Uqw.d. JbWeVer, these techniques 
are insensitive to snail scale �1t.1cl'l. SI\XS studies were under­
taken to qualify the obeervatia\11 of aingle phase material, If the 
logarithm of the intensity ill plDtt.od wraus t2 (the Guinier's plot) ,
Fig, 7 ,  the slope of the line can be uaed to deteJ:mine the_ radius of the 
scattering :regicns or particlaa, It is observed that the plots are not 
linear, an indicaticn that the ayatan ocntains a distributicn of �le 
sizes. Jellinek et al (6) haw auggested a graphical method for 
analyzing the data. '!be approach is sinple wt sufficient for the 
present use, 'lhe distriblti.al is a�ted by a set of discrete 
fracticns, A tangent is drllW'l to the eJCP8I'in'ental curve at the largest 
measured angle, a new curva not ocntaining the ocntributicn of· this 
fracticn is obtained by subtracting fran the original curve the values 
of the tangent. 'lbs SI\XS results are �ized 1n Table 1, '!be par­
ticle size distriblticn is ccnsiderably narrower in spec:!mens quenched 
fran the liquid than fran the solid. 
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FIG. 7 
Illustraticl'I of the 

graphical decal\)Ositictl 

TABLE l 

SWtraJ:y of Calculatials 

O:nditia1 

SOLID-QUOCHI'D 
55o0c • Br.1ne (-22°C) 

LI�IED 
1) substrate 320 grits

t:al\)8rature 4o0c

2) substrate sand blasted
�ature 4o0c 

3) substrate sand blasted
tarperature J.2°c 

Radius cfu 

7.4 
20.9 
26.8 

s.1
18 .7 
26.6 

6.4 
15 .2 

5.6 
13.7 

�ight 
Fractioo 

o.15
.60 
.25

o.56
.15 
.29 

o.96
.04

0,95 
.os 

Nurrber 
Fracticn 

o.9s
.015 
,005

o.97
.02 
.01 

0.996 
.004 

0.99 
.01 

Following the analysis of the as-quenched cmditictl., the decarpos.itial 
of the tarsicn-catapUlt specimens was investigated using electrical resis­
tance, high-angle X-ray and SAXS. 

111� E!ll>irical analysis of the electrical resistance and high-angle 
X-ray \«.lrk will not be reported here but the results briefly sumnarized. 
'!he estimate of the activatia1 energy fran the resistance data in the 
t.elt{lerature range 110 to 175°c, 20.0 ± 2.0 :K cal,hoole is in fair agreement 
With the literature results. · '!he  a�t activatia1 energy obtained 
fran X-ray study at 150 and 17s0c, 27 .o ± 2.0 :K cal,hoole is also near 
the values of similar studies previoosly reported • 

. Finally the Al 40 wt I h;J was investigate:! for the presence of a 
spinodal m:xle of deoai,;:x:,sitial. 'lbe Rundman-ruJ.liard analysis (7) of the 
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SAXS spectra, the roly available reliable test far spinodal was applied. 
'!he analysis will not be reproduoed here but the necessary plots are shown 
schsnatically in Fig. 8 .  'lhe natural logarithm of the rreasured intensity 
plotted against time sh:>uld be linear with a slope of 2R(B) . 'll1en when 
the anplificaticn factor, R(B) , is plotted against B ,  a rcwdmum and a 
critical value of 13 are obtained. '1he plot of R(B)/132 versus 132 shoold 

be linear. 

'Iba tsrq;,erature range SO to 175°c was investigated. 'lhe spectrum 
of R(l3)  versus 13 is shown for aily ooe tsrq;,erature, iso0c, in Fig. 9 .
'!he nore stringent test of the theory is in the linearity of the plot 
R(ll)/132 versus 132 shown in Fig. lo. 'lhe observed relaticnshi.p is defi­
nitely not linear. Olr proposal to explain the deviaticn fran "ideality" 
is that t'tK> paths of dec:atp:,siticn are oocurring simult.aneously. 'Iha 
apparent curvature is then due to the sum of two linear secticns. 'llle
t'tK> nodes of decarp:>siticn � not observed during aging of the SQ 

speciroon. 
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FIG. 8 
SCl'enatic represen­
tatiai of Iuldman­
Hilliard analysis 
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R(8) versus B, 
IJJ Al 4o wt.A 11g 
aged at 150 C. 
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FIG. 10 
R(ll) /132 versus 13�, 
IJJ Al 40 wt, %  1\g 
aged at 15o0c.
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DISCUSSION 

What , is the "Torsion - catapult" ? 

The torsion-catapult, details of wlch wi I I  be found In the 
l iterature (Materlals Sc ience and Engineering 3, 62 (1 968)), is 
a technique in which the l iquid is propel led by a catapul't out of 
a curved furnace and into a copper ski-sl ide 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 smal l ,

2 : I t  Is· not correct to use the (log I - c. 2) p lot in a · quantitative
way outside of the initial l inear regions . 

R .  Roberge : 1 .  The comment of Prof . Guinler on the verification of Cahn' s 
theory is veil (l)preciated . The intensities were smal l  and the 
linearlty of the logarithm of the intensity versus time was only 
of the order of 75 sec at J 50°C for example . The point to keei 
In mind is that we do have strong evidence for spinodal 
decomposition even If the smal l deviations from " ldeal ity" are 
not ful ly exp lalned . 

2 .  The simp le graphic method for the analysis of the (log I - · €. 2)
plot wos only for qual i tative comparison of the size 
distribution In l iquid and solid quenched spec lmen4 , 




