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This paper describes the measured dependence of the lattice spacings of equilibrium A1-Ag 
solid solutions on temperature and composition. The form of the lattice spacing composition 
curve is found to differ considerably from that for the supersaturated A1-Ag solid solutions. The 
differences between the spacings of equilibrium and quenched A1-Ag solid solutions plotted 
against the electron concentration yield a curve similar to that constructed from the analogous 
measurements on AI-Zn given by Ellwood. The differences can be attributed to the influence 
of changes accompanying the increased solute clustering introduced by quenching the solid 
solutions into the supersaturated state. 

HOCTOYIHHbIE PEIlIETKH PABHOBECHbIX TBEP}!blX PACTBOPOB 
CEPEBPA B AJIIOMHHI4H 

~)Ta pa6oTa o n n c s m a e T  II3Meperlrle 3aBI, ICHMOCTrl nOCTOaHttblX peLUeTK!,I paBaoBecnb~X TBepRt,IX 

paCTBOpOB A 1 - A g  o r  TeMIIepaTypbI I,I COCTaBa. BbIY[O 0 6 r t a p y ~ e u o ,  tlTO qbopMa 3aBIiCHMOCTH 

tqOCTOflrlrlO~ pemeTKH OT COCTaBa y paBHoBecm,~x TBep~blX paCTBOpOB A 1 - A g  oTYn, v-IaeTca OT qbop- 

~ TOgt ~e 3aBHCHMOeTH y nepecbt~eHr~ix TBep~I~,tx paCTBOpOB. Pa3I~OCTb IIOCTO~IH~bIX pemeTKH 
paBHOBeCHbIX I4 3 a r a n e m ~ b l x  TBep]IbIX paCTBOpOB A1-Ag ,  npe~icTaBJIeHrla~ KaK dpynIo2H~ a n e ~ -  

TpOHHOi'] KOHr~eI-ITpalII, Ili (T. e. tlHcYla Ba.rieHTHblX 3JIeKTpOHOB, HpHXOjIflI~!~IXC~I Ha o ~ n H  aTOM B TBep- 

)IOM pacTBope ) ,  HMeeT aHaJlorHqrpyto  qbopMy KaK y CI, lCTeMbI A l - Z n ,  )I.rl~ KOTOpOI~ 3Ta 3aBHCHMOCTt, 

6b~ia n o c T p o e H a  No H3MepeHHaM, IIpoBeReHnbIM ~JUIBy~IOM. BO3HHKJJJHe pa3H~KbI B HOCTOJIrlHblX 

p e m e T r r I  y paBHOBeCrmLX a llepeebIII]~eHIl/~,lX TBep)~t,IX p a c r B o p o B  MO~HO O67b$tCHHTb BJIHYlItHeM 

H3MeHeHH~, o6ycYloBJIeHHblX IIOBblIJ/eHHbIM o6pa3oBaHHeM r p y n n  aTOMOB ae rHpy~o t t t e ro  3JqeMeHTa 

n p n  3aKanKe TBepJIOFO p a e T B o p a  JIo nepec~i t t~eHHoro COCTO~taH~. 

INTRODUCTION 

The lattice spacings of  quenched solid solutions of  silver in aluminium are practi- 

cally independent o f  the solute concentra t ion according to the reported experimental 
da ta  [1], [2] and [3]. These measurements  give the spacings of  the supersaturated 
solid solutions. I t  therefore seemed useful to measure the lattice spacing/composit ion 

curve of  the A1-Ag solid solutions at temperature of  equilibrium. The comparison 
o f  this curve with that  for  the quenched alloys may reveal the influence of  the pre- 

precipitation phenomena  on the lattice spacing of  a supersaturated solid solution. 
These measurements also show to what  extent the linear expansion coefficients o f  
A1-Ag alloys differ f rom that  of  pure aluminium, sometimes used for the alurninium- 

rich solid solutions A1-Ag. 
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E X P E R I M E N T A L  P R O C E D U R E  

The alloys used for the present investigation were prepared by melting pure 99.9~ 
silver supplied by Safina Co. and high-purity 99.99~ aluminium imported from 
Hungary. The aluminium contained as major impurities 0.005~ Fe, 0.003~ Si, 
0.001~ Cu and 0.002~ Mg indicated by spectral analysis. The silver content in the 
alloys varied from 1-22 to 14.55 at. ~ Ag. The determination of the exact composition 
of the alloys and their homogeneity control were carried out by chemical analysis 
and density measurements. The filings prepared from the alloys were separated in 
a laminar stream of dry air to contain particles with linear dimensions less than 30 g. 
The filings of each alloy were then compressed into flat briquettes. The nickel chosen 
as an external calibration standard for the temperature measurements was of 99.9~- 
purity containing 0.01~ Fe, 0.02~ Si, 0.01~ Cu, 0.03~ A1, 0-002~ Co and 0.001~ 
Mg as determined by spectral analysis. Two narrow parallel strips of solid nickel 
were pressed onto the surface of flat samples of alloys. Each alloy specimen was 
annealed for 1 hour in vacuo below the solidus before each exposure. 

The high-temperature vacuum X-ray camera "Unicam" of 190 mm diameter was 
used for recording all diffraction photographs with Cu Ke radiation. The back- 
reflection technique with a flat sample in the centre of a cylindrical camera was 
employed. The ratio method described by ~ern0horsk3~ [4] was used for simulta- 
neous lattice parameter measurements of the A1-Ag solid solutions and of nickel. 
This method is advantageous in eliminating the systematic error in lattice spacings 
which may be introduced by different effective diameters of the camera when record- 
ing simultaneously the patterns of two samples with different absorption. The lattice 
parameter a of a cubic polycrystalline sample is determined by means of the ratio 
method from the relation 

(1) sj = arccos (vda) 
sj arccos (vfla) 

where vi = �89 xf(h~ + k~ + l~) and 2si is the distance of the segments of the dif- 
fraction line h , /~ ,  l~ measured in the back-reflection region along the equator of the 
photograph. The measurements of 2s~ were carried out on a Zeiss comparator. 
The solution of equation (1) for a was obtained graphically. The plot of the right-hand 
side of equation (1) against a covered the whole interval of expected a-values in all 
measurements. 

Different combinations of diffraction lines 333,224, 024, 133 were used for determin- 
ing the lattice spacings of AI-Ag solid solutions from (1), and 024, 133, 004, 113 
lines for nickel. Each photograph recorded at a certain temperature t of the sample 
gave the a-value of the solid solution investigated and simultaneously the a-value 
of nickel. The exact value of the temperature was obtained using the dependence 
a(t) of nickel given in [5]. The same kind of measurement with pure aluminium was 
carried out for the elimination of a possible systematic error in a of the A1-Ag solid 
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solutions. The resulting values were in good agreement with those given for AI by 
W i l s o n  [6] and E l l w o o d  and S i l c o c k  [7]. 

EXPERIMENTAL RESULTS 

The results of the measured temperature dependence of the lattice parameter a 
in the interval of the existence of the equilibrium solid solution are summarized in 
Fig. 1 for alloys having a composition from 0.00 to 14.55 at. % Ag. The maximum 
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Fig. 1. Lattice spacing/temperature curves 0f~equilibrium A1-Ag solid solutions. 

variation of the temperature of the sample during each exposure was ___ 2~ so that 
any particular measurement of a cannot be claimed to be better than +__ 0.0003 kX 
units. It can be seen from Fig. 1 that all curves of a(t) for the solid solutions investigat- 
ed practically follow parallel straight lines. The lines are shifted to higher values of 
a with increasing solute concentration. It follows that within the accuracy of the 
measurements, the linear expansion coefficients are the same for all aluminium-rich 
solid solutions of Ag in A1 and equal to the value of a of pure aluminium. 

The lattice spacing/composition curves are therefore analogous in the whole 
temperature range of the equilibrium solid solution. Curve (1) in Fig. 2 represents one 
of these curves and corresponds to the temperature 525~ The positive deviation 
was found for the equilibrium solid solutions of Ag in A1 from Vegard's law which 
at this temperature is represented by the straight line (2) in the same figure. 
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D I S C U S S I O N  O F  R E S U L T S  

In Fig. 3 the curves denoted by (1), (2), and (3) show the room-temperature lattice 
spacings of quenched A1-Ag solid solutions plotted against the atomic concentration 
of silver. These curves follow from the measurements of A x o n  and H u m e - R o t h e r y  
[1], E l l w o o d  [2], and Hi l l  and A x o n  [3]. Practically no obvious increase of 
lattice spacing with increasing solute con- 
centration is revealed by the measurements 

4.1o5 
on quenched alloys, whilst the similar cur- 

o, 
ve resulting from our measurements on 

[kX] 
equilibrium solid solutions shows the clear 
increase with silver content [curve (4) ~,.loo 
representing the a-values reduced to room- 
temperature]. The lattice spacing/composi- 
tion curve, which would correspond to 
Vegard's law, is included in the same figure ~.09s~ 
[line (5)]. The quenched solid solutions 
A1-Ag thus show a negative deviation 
from Vegard's law. 

It seems that the most probable interpre- 
tation of the different form of the lattice 
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Fig. 2. Latt ice spac ing /compos i t ion  curve o f  
A1-Ag solid solutions at 525~ curve (1) 
represents our measurements, curve (2)Ve- 

gard's law. 

spacing/composition curve for the equilibrium and quenched alloys can be seen 
in the different local arrangement of the constituent atoms in equilibrium and super- 
saturated solid solutions res- 
pectively. The spherical silver- 
rich clusters are formed even 
during a rapid quenching of 
the equilibrium A1-Ag solid- 
solutions to room-temperature 
as found by G u i n i e r  in small- 
angle scattering studies [8]. 
The silver atoms have a ten- 
dency to form clusters also in 
the equilibrium solid solutions 
AI-Ag [9] but the resulting 
silver-rich nuclei are of much 
smaller size than in the quen- 
ched alloys. 

4.05 

Q 

/kx/ .fojJO/~ 
4.04 

o ~ ~ 15 20 
~f ,~ A 9 

Fig. 3. Lat t ice spacing/composition curves o f  quenched  
AI-Ag solid solutions measured by Axon and Hume- 
Rothery (1), Ellwood (2), Hill and Axon (3); curve 
(4) represents our a-values reduced to 25~ curve (5) 

Vegard's law at 25~ 

The  weaker bonds between unlike atoms has been recently found by the present 
author in an as yet unpublished X,ray investigation of lattice vibrations in equilibrium 
A1.Ag solid solutions. The average number of weaker bonds in the equilibrium solid 
solutions of Ag in A1 is thus greater due to the more random substitutional disorder 
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than is the case in the same alloy after quenching. This  indicates that the lattice 
spacings of A1-Ag solid solutions in equilibrium and supersaturated states will show 
a positive difference Aa after reducing to the same temperature. This was-also confirm- 
ed by the present measurements. 

It is clear that for the same reason the positive Aa derived in an analogous way 
should also occur in other aluminium.rich alloys showing similar pre-precipitation 
phenomena in quenching. A close similarity with A1-Ag in the local arrangement 

of atoms has been found for both the 
quenched [10] and equilibrium [11] A1-Zn 
alloys. The small difference in atomic 
diameters between the atomic constituents 

~ ~ / - ' - ' ~ 7 )  in both these binary systems is a further 
0.005 favourable factor indicating the values 

I Aa to be of the same order. This compari- 
son can be carried out because the neces- 
sary data can be taken from the lattice spa- 

~ 2.9 2.8 ~ z7 cing measurements by E l l w o o d  [12] on 

Fig. 4. The variation of Aa with n, the number equilibrium and supersaturated AI-Zn so- 
of valency electrons per atom, for A1-Ag [cur- lid solutions. The different forms of the 
ve (1)1 and AI-Zn [curve (2)1 solid solutions, lattice spacing/composition curves illus- 

trated in Fig. 4 o f  [12] has been noted 
already by Ellwood. He points out that while the structure of the alloy may be pre- 
served by water quenching, the anomalies in lattice spacing cannot. 

The difference Aa between the lattice spacing of the equilibrium and quenched 
solid solutions reduced to the same temperatures are plotted against the electron: 
atom ratio for both A1-Ag and A1-Zn in Fig. 4. [The electron: atom ratio n defined 
as the number of valency electrons per atom of the solid solution is given by n = 

= CAn a + CljnB, where ca and cB are the fractional concentrations of atomic constitu- 
ents A and B, and n a and n B denote the numbers of their valency electrons.] The 
curve (1) of Aa for A1-Ag was constructed using our measurements of lattice spacings 
at 525~ [curve (1) in Fig. 2] and the room-temperature values of a taken from Fig. 
1 in [2] reduced to the temperature of 525~ by applying the corrections for expansion 
with temperature. The analogous curve (2) for A1-Zn was computed in the same 
way from the data of Fig. 4 in [12], the lattice spacings of quenched alloys being 
fitted to the temperature 360~ 

The close similarity both in the order of magnitude of Aa and in the general form 
of the curves for A1-Ag and AI-Zn solid solutions can be seen in Fig. 4. The increase 
of Aa with solute concentration is in agreement with the fact that the small size of 
solute-rich clusters in equilibrium solid solutions favours the more rapid increase 
of the number of weaker bonds between unlike atoms with increasing solute content 
than is the case in quenched alloys. 

The main result following from the present work is that the anomalies found in 
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the lattice spacing/composit ion curves  are due to the different local a r rangement  

of  atoms in equi l ibr ium and supersaturated solid solutions. The conclusions from 

lattice spacing measurements  on quenched alloys should be drawn very carefully, 

especially for alloy systems with a large miscibility gap at lower temperatures.  
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