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ABSTRACT 

...... '. The phase-diagram of the system Pb-Inhas been investigated ,below 
. : "',.' ~" 

.' ~ , >'. 
(room temperature, using mainly x-ray diffraction. 'In a.ccordancewith·· 

, < 

'", therJJlOdyila.m.1cme~surements by T. Heumann and B. Predel/} a segregation 
. , 

,occurs :at lowtemperatures, though not in the, form of a miscibility 

gap. 
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I., Introduction 
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t.,·.·· .. : 

j The phase diagram of the system lead-indium has been the Bubject 
, '. . '. 

."ofextenSiveln~est:i.gations,I,2 but recent.ly T.', Heumann and B. Predel' ' 
" ""':,: .... " . 

...... ". ,t co~cluded fr~mtheirthermodynamic data that a new feature should occur . ~ ; 

" , 

,,' ' 'be!owroo:Dl temperature. The maximum values for the enthalpy and entropy, 

'" of mixing are reached at a composition of 50 at.~ Pb and are +400 
, , 

" '.' ;cal/g-atom and +1.7 cal/g-atom degree, respectively. From this the 

. authors estimated that a miscibility gap should occur below ,00C, 

': .,>::' centered at 50 at.% Pb. Resistivity measurements seemed t,o support 
-,,'" 

. this view.~ese authors proposed the phase diagram outlined in Fig. 1. 
, " 

.,,:'-"" 
... ,«':. \ . Three phases -exist at 30°C; the tetragonal In-phase with cia > I, the tetragonal 

", :: ·.intermediatephase ~'with cia < 1 and the face-centered cubic Po-phase. 
, j. •• 

-' , . ~ './ 

'~: ',·we 4 ,observed, during an investigation of the superconducting properties 
'~" . 

_ of Pb-In ~lloys" that aging a specimen with 50 at.~ Pb for 14 days at 

',' _18°c decreased the superconducting transition temperature about 0. 13 oK 

and tripled the transition width. In this paper, we report the results 

:'" of an investigation of the low temperature portion of the Pb-In phase 

diagram. ,Superconductivity and x-ray methods have been used. 
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2. Specimen Preparation 

The materials were provided by the American Smelting and Ref'ining 

Company. According to the manuf'acturer their:' purity was 99.999%. The 

weighed amounts of' the constituents were sealed in quartz tubes under 

an atmosphere of' 10 Torr helium, mi.xed for 24 hrs in a rocking f'urnace 

at 380°C" quenc~ed in ice-w'ater and homogenized at 20-30°C below the 

solidus line, established by T. Heumann and B. Predel. The annealing. 

times were 144 hrs f'or specimens containing le.ss than 30 at.% Po and 

" 36 hrs f'or the remainder •. 

3. Superco~ductivity Experiments 

The specimens were quenched f'rom the homogenization treatment into 

ice-w:ater and tl1eir superconducting transition temperatures -Tc measured.., 

The procedu:re used has' been described in R~~. 4. The transition was 

detected 'by the change of' the mutual inductance of' two coaxial coUs 

containing the sample. Twas def'ined:'as the temperature at which 5C1/o 
c 

of' the total change in inductance had occurred. Then the specimens 

with lead contents between 38 and 75 at.% were 'aged f'or7 days at 

temperatures between _30°C and 40°C. If' this treatment caused T to . c 
ci . 

change by more than 0.005 K or the width of' the transition to increase 

by more than b.002°K, it w'as concluded that the. specimen had undergone 
, 

. a phase change and no longer consisted only of' the f'.c.c. Po-phase, 

as it didinunediately after homogeniZing. The result is show'n ,in 

Fig. 2. From this one can estimate the extension of' the f'.c.c. phase. 

Tne x-ray measurements were based on these preliminary results. 
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4. 'X~ray Experiments ...... , 

'., ..... Becauseofth~' softness of the material, relatively coarse powders 
- ~. ; 

•... ,.(75J.L) had.. to' be used, which were filed" ina helium atmosphere. from 
. . " "., 

'" ':homogenizedspecimens. The powders w'ere annealed at least }O min at 
'1 ," 

;" temperatures between 120° and 160°C" depending on their concentration, 

':~' and quenched in ice-water. Then their x-ray patterns w'ere taken at·' 
.,. > 

'.'. -178°C,using a Picker diffractometer, lllOdel }488x. In. this way the .' 

" .. " ,'c, . following .relation was established for the f.c.c. Pb-phase I 
.' .... ' 

.' /~ ,'. ' 

a= 4.6970+ 0.002469 C for 40 S C S 75 

'. . Ii 

.. ':' .. ' where" ais the lattice constant (A) and C is the at·.% "of,Pb. '.' 
'.' '. "'f 

;: ,. 

.: i' 

, . 

. ~'. 

. 'The cOarseness of the powder made it impossible to use lines with 

'8 ,> 75° , therefore a was averaged :f'romlines with 45° S e S 750
• Relation 

(.1). is .verysimilar to the one found by T. Heumann andB. Predel at .. 
' .. ~.- ~ 

room temperature. 

Following this, homogenized specimens with composit~ons "'!:>etween 
. . . 

'15 and 56 at.~ Pb were aged for at lea'.st 10 days at temperatures .between 
. ," , . 

. '. . 

The aging 'temperatures were chosen' in accordance· with . , 

the superconductivity results. Since an aging time of only 7 days 

gave the same results, obviously the agingtim~ of 10 days was sufficient 

.. .' to produc::e the equilibrium phases. Then the x~ray patterns were again 

taken at·-178°c. Three types of x-ray patterns were found: 1) those 

" conta1ningolll.y lines of the. tetragonal ell - phase,,, 2) those containing 

only lines of the f.c.c. Pb-phase" or }) those containing lines of the 

ell and the 1'.c.c. Ph-phase. How'ever" lines belonging to two f.c.c. 

phases, differing only in lattice constant, have never been observed 

.; 
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in a sample. This shows that the miscibility gap, proposed by T. 

Heumann and B. Predel, does not exist. 

The boundary between [only Pb-phase] and [Pb-phase' + ~] was es- . 

, tablished by calculating the concentration of the f.c.c. phase from lj 
its lattice constant, using Eq. (1).. This procedure was not possible 

for the phase boundary between [only '\] and [0:1 + Pb-phase], because. 

the lattice constant of '\ could not b;e measured accurs:tely enough. , ... 

" Low intensity made it impossible to use lines with e > 34°. 

Therefore another method has been Used. Specimens with lead, 

contents betweenl5 and 28 at.% Pb 'W'erefirst annealed above 100°C. 

This treatment produced specimens containing only theo:l-phase. If the 

subsequent aging below room temperature resulted in the formation of the' 

f.c.c. phase, the (lll) ... x-ray'''~ine of this phase could be observed as 

'well as the (lll)-line of the tetragonal 0:1 phase. The limit of detec

,tion of the former line was about 0.3% of the intensity of the latter. 

The results are again plotted in Fig. 2, together with the suggested 

phase diagram. . 

No attempt has been made to investigate the range of stability of 

,the (Xl phase in the low concentration region as previous work5-? :has' 

shown that it is very difficult to establish equilibrium even above room 

temperat~re. 

.. .... :, 
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. "," .. ',,~. . .. ~.;: .. : . 5.·Conclusions 

. : 'The results of this x-ray study show~ that a narrouing of the 
, " ,. , .' 

stabilityra~es.ofthe al and. the f.citc.phases in the Po-In-system 
.' 

A",' ,., 

,occurs ~elow room temperature. This is in agreement with T. Heumann 
." " 

'" ",' _ andB. Pr~del' s thermodynamic data,which suggested a segregation of lead 

and indium because of the high positive enthalpy of mixing. However, 

, the miscibility gap, proposed by these authors, does not exist. 
. ~,: 

, '-", 

'",.',-

", 

It seems surprising that an int~rmediate phase (a
l

) should occur ' 

in a phase-diagram which shows also,a tendency for segregation of the 

constituents. However, a
l 

differs, from the (In)-phase only in cia, the 

, ,"_" ; . change of the mean atomic volume being less thanO.2t/o, and ordering does 

. not occur. ACQording to C. Tyzack and G. V • .Ra.ynor' the existence of the -

, ~'., 

,a
l 

- 'phase is primarily due to an interaction of the Fermi surface with 

a Brillouin boundary, but not to a tendency of ordering, which is usually' 

the reason for the occurrence of intermediate phases. ' 
.... 

" .... 

This work was performed under the auspices oft~e United States-

. Atomic Energy 9ommission. 
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. " ...... 
.~.< ....... ':" j' FIGURE CAPl'IONS 

. Fig. '1, ~'The iow: :temperature region .ofthe In-PI>. phase diagram as 

'. ~'. 

.. ,' , 

· .". 

outlined by T. Heumann and B. Predel. (In) tetragonal, 

" ... ~ .::. \ ' 

cIa> 1; ~ tetragonaljc/a < 1; (Po) f.c.c. The misci-,".' 

.. bility gap is dashed.' 
> • .'., .'.'., • 

.... ;. 

Fig. 2.' .. Results . of the superconductivity and x-ray measurements I 

... ,.; ' ..•.... 

. ,.' 

, . th~ superconducting" 
· low temperature aging did Change.~ ..... ' ... 

· did not change 0 properties 
.~ - .' . 

phase boundary from lattice constant measurements V, 

".' . 

phase detectable 

X points on the phase boundaries given by T. Heumann and 
'B. Predel. 

" . 
, .. -. Phase boundaries' based on this investigation 
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