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Mi Favre Bonte, J. Bletry, P. Hicter andP.J. DESRE 

Laboratoire de Thermodynamique e t  Physico-Chimie Me'taZZurgiques (L. A. 2 9 / ,  E. N.S. E. E. G., B .  P.  ~ ' 4 4  
38401 S a i n t  Martin drH2res, France. 

Abstract.- Neutron scattering experiments were performed on liquid Cu-Pb alloys above the miscibility 
gap. Two different enrichments in Cu6' were used in order to extract two of the three BHATIA-THORNTON 
pertial structure factors SNN and SNC. The variations of SNN and SNC with atomic concentration 
(xCu = 0.50, 0.64 and 0.80) and deporture from the demixtion temperature (950 < t < 1200°C) were deter- 
mined and attributed to size effects. 

INTRODUCTION 
- 

The determination of the three structure factors b = xlbl + x2b2 and Ab = b I - "2 
SNN, SNC and SCC characterizing the different corre- .20 is the scattering angle, X the neutron wave- 

si: ' the modulus of the scatte- lations between local density (N) and concentration length and K = 4s - 

(C) [I] is one of the most ambitious and useful pur- ring vector. 

pose of diffraction measurements on liquid binary In the case of alloys of lead with natural or 

alloys. isotopic copper and for concentrations included 

In the case of segregated alloys, the first between the miscibility gap limits (0.85>x >0.33) ' 1' 

experimental results have been obtained by [31 , equation (1) reduces to : 

Ruppersberg et a1 [2] who determined S in liquid 
CC 

Li-Na alloys. since the coefficient y does not exceed 5% of the 

In this paper, neutron diffraction experiments coefficients cr and 8.  Thus, the combination of two 

on segregated copper-lead alloys are presented diffraction experiments corresponding to the same 

which enable the two remaining structure factors chemical composition but to different enrichments 

SNN and SNC to be determined. This purpose is in copper 65 (i.e. to new coefficients a'and 8')  

achieved by the isotopic substitution method for allows the structure factors S NN and SNC to be 

three concentrations covering the miscibility gap. calculated. 

A tentative interpretation of the experimental re- According to Edwards et al 141, the accuracy 

sults is finally proposed. of this method depends on the normalized determi- 

PRINCIPLE OF THE EXPERIMENTS 
nant A (4 1) of the associated linear system. In n 

According to Bhatia and Thornton [I], the coherent - - .  

our case, this- accuracy is quite satisfactory 
scattering cross section of a binary alloy may be 

since A is of the order of 0.4. n 
written : 

EXPERIP.ENTAL CO>JDITLONS 

- = 2 g2 S~(K)+ZX~~A~ sNC(K)+xIx2(Ab) SCC(K) (I) 
dQ 

Neutron diffraction experiments were carried out 

= a SNN + I! SNC + Y SCC at the D4 spectrometer of the Institut Laue 
a 

where : xi and bi are respectively the atomic con- Langevin. A 0.693 A wavelength was used in order 

centration and the coherent scattering length of to cover the K range : 0.18 + 14.75 1-I . According 
element i (indices I and 2 will stand for copper to Koester f51, the coherent scattering lengths of 

and lead respectively) natural copper and lead were taken equal to : 

. b and Ab are defined by : bpb = 0.94 and iCU = 0.76 .10-'~cro. For cuG5 we 

ueed the value : bCU65 = 1.02 .10-~*cm 

obtained from our transmission 



Fig. 1 - S(K) of liquid Cu Pb alloys at T = 1373 K. 
Cu at Z : 81 (a), 64.5(b) and 49(c). 

factor measurements since the literature values 

are contradictory. 

Six alloys were studied with concentrations in 

natural or 65 copper: xl = 0.809, 0.645 and 0.488 

surrounding the critical concentration xc = 0.657 

[3]. These alloys were prepared from 0.99999 lead, 

0.99999 natural copper and 0.992 isotopic 65 copper 

The samples were cylindrical, 4.4mm in diameter 

and 3cm high. They were melted into 0.8m thick 

silica containers in the INPG high temperature 

neutron furnace [6] and homogenized during 2 hours 

at 1373 K .  The reproducibility of the experimen- 

tal countings was checked after each 8 hour 

neutron scan. These scans were eventually repea- 

ted until no evolution could be detected. The 

temperature was measured to i: 5°C with an optical 

pyrometer. 

DATA TREATXENT 

The coherent scattering cross section was derived 

from the diffraction measurements after a data 

treatment process which can be divided into two 

steps [6]. The number of neutrons C(K)  scattered 

Fig. 2 - S(K) of liquid ~u~~ Pb alloys at 
T = 1373 K . C U ~ ~  at % : 81(a1),64.5(b') and 49(c1). 

by the alloy is first derived from experimental 

countings with the aid of background, container 

scattering and absorption corrections [7]. From 

C(K), one then calculates or its normalized 

do 2 form : S (K) = / Cx.b.. This second step invol- 
1 1 1  

ves calculating a normalization constant [ 6 ]  and 

correcting for multiple C81, incoherent and inelas- 

tic scattering 191. 

EXPERIXENTAL RESULTS 

The different S(K) of the six Cu-Pb or C U ~ ~ P ~  

alloys at T = 1373 K are reported on figures { I )  

and { 2 3 .  

The variations of the scattering pattern with 

decreasing temperature in the I< interval : 

0.18 -+ 4 .;;-I are represented on figure f3). In 

the one phase region, small angle Scattering in- 

creases as the temperature decreases while the 

remaining part of the scattering pattern is almost 

unaffected. When phas-e separatfon occurs, small 

angle scattering starts decreasing while the peak 

at K " 2.2 i'l, associated with the lead rich phase 

(which ~recipitates down)? starts increasing. 
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Fig. 3 - Temperature variations of the Cu-Pb alloys 
scattering pattern. Cu at % : 64.5(b) and 49(c). 

Finally, when the monotectic temperature is reached 

small angle scattering almost vanishes and the 

Debye-Scherrer lines of CFC solid copper appear. 

The values of the critical (Tc = 1263 K) and 

monotectic (T = 1227 K) temperatures deduced from 
m 

this qualitative behaviour are in excellent agree- 

ment with the Seith et a1 phase diagram [3]. 

SMALL ANGLE SCATTERING 

Approximation (2) cannot be used at small K since 

concentration fluctuations associated with the 

segregation tendency of Cu - Pb alloys produce a 

large increase of SCC near K = 0. As a matter of 

fact, the value of at K = 0 may be written [I] : 
dQ 

do - (0) = A + B SCC (0) dR ( 3 )  

where A and B constants depend on the temperature, 

on the alloy thermodynamical quantities and on the 

scattering lengths of its components. 

According to the Ornstein - Zernike theory 

[lO],relation (3) can be extrapolated at small K 

Fig. 4 - Ornstein Zernike plots of S CC(K) in the 
CUG4.5 Pb35. 5 

giving : 

E (K) ; A + B SCC(K) 
dS1 (4) 

Scc (0) 
where: SCC (K) = 

1 + 52 K~ 

and 5 is the correlation length of the concentra- 

tion fluctuations. 

The Ornstein - Zernike plot of figure 141 shows 
that relations (4) and (5) are well fulfilled in 

the K interval : 0.18 -+ 0.45 i-' . Therefore, we 

extrapolated relation (5) up to K = 1.5 where 

the term y S (K) does not exceed 1% of coherent 
CC 

cross section (I). We then calculated corrected 

do cross sections by subtracting y SCC(K) from - 
dn 

in the K interval : 0.18 -+ 1.5 1-1. We finally 
derived SNN and SNC in the whole K range : 

0.18 -t 14.75 from these corrected cross sections. 

PARTIAL STRUCTURE FACTORS AND CONCLUSION 

As copper concentration increases, the structure 

factors SNN and SNC of Cu - Pb alloys at T = 1373 K 

vary as follows (see figure (5)) : 

(i) SNN oscillations shift towards large K and 

their amplitude increases while the first maximum 



Fig. 5 - SNN (al ,bl ,cl) and SNC (a2,b2,c2) in 
liquid Cu-Pb alloy at T = 1373O~ - Cu at X : 
81 (al,a2), 64.5 (bl,b2) and 49 (cI,c2) 

of Sm becomes less and less asymnetrical. 

(ii) the first and most significant oscillation of 

SNC slightly shifts towards large K while its 

amplitude decreases. 

All these features indicate a strong size 

effect which is responsible for the existence 

of SNC oscillations and for the shift of S NN 

oscillations (because of the decrease of the mean 

atomic diameter of the alloy as copper concentra- 

tion increases). 

If, as a first approximation, one neglects the 

coupling between chemical order and size effects, 

segregation only affects SCC while SNN and SNC 

may be compared with our model calculations of 

disordered alloys with size effect 1 I] (see table]). 

Experimental values agree reasonably with 

these calculations if atomic diameters of copper 

and lead in segregated Cu - Pb alloys are close to 

TABLE I 

ndlmberg' denssty msrurementr (121 e r r  used i n  there calculations 

0 

their Goldschmidt values : dl = 2.56 and d2=3.50A. 

In order to improve this model description 

further calculations on segregated alloys with 

size effect are in the way. On the experimental 

side, the temperature variations of small angle 

scattering will be studied in order to determine 

the critical exponents. 
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