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ABSTRACT -

:_‘v‘l'he phase-diagram of the system Pb In has been investigated below

i f‘ room temperature ’ _us:mg mainly x-ray difﬁ-action. In accordance with
" 3

Q.'j-thermodynamic measurements by T, Heumann a.nd B Predel,

-.:E»__A'occurs at low temperatures, though not in the form of a miscibility '

-v.::v'ga-Po o

lc\,»‘

a segregation
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. " '_;f.':'of extensive investigations »

' 'I'he' phase diagram of ‘the system lead-indium has been the sub:ject "
lv but recently T. Heumann and B. Predel3 . ’v

. ""-'-}'_‘"}ffconcluded from their thermodynamic data that a new i‘eature should oceur.
“"gr'v"jy'v':'beIow room temperature. The “maximum values for the enthalpy and entropy ; | -

:fjfrof mixing are reached at a composition of 50 at.% Po end are +1+00

';f'-,g--_i‘i?:cal/g-atom and +l.7 cal/g-atom degree ’ respectively. Fromrthis the

' 55;,.,(',.‘.___:";authors estimated that a miscibility gap should occur below 30 C )

centered at 50 at.% Po. Resistivity measurements seemed to support -

this View. 'l‘hese authors proposed the phase diagram outlined in Fig. l', b

';"’lv'l'hree phases exist at 30° C the tetragonal In-phase with c/a >1, the tetragonal :

}_-...intermediate phase al with c/a < l and the face-centered cubic P‘o-phase. |

L Weh ooserved ) during an investigation of the superconducting properties

: of Pb-In alloys , that aging a specimen with' 50 at.% Po for lh days at

- 'x«v"v__,j-l8 c decreased the superconducting transition temperature about 0.13°K .

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

B of an investigation of the low temperature portion of the Po~In phase

) diagram. Superconductivity and x-ray methods have been used.

Y
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2, Specimen Preparation

The ‘materials were provided by the American Smelting and Refining

Company; According to the manufacturer their;vpurity was 99.999%. The
i weighed amounts of the constituents were sealed in quartz_tubes under |
an atmosphere of lO’Tbrr helium, miXed_for_zh hrs in a rocking furnace
at 580°C,YQuenched in ice-water and homogenized at 20~30°C. below the’
solidus line, estahlished by T. Heumann and Bs Predel. The annealing.
~ times were 1hk hrs for specimens. containing less than 30 at.% Po and 17

36 hrs fbr the remainder.,

3. Superconductivity Experiments

‘The specimens were quenched from the homogenization treatment into“

ice-water and their superconducting transition temperatures T measured.

The procedure used has been described in Ref. h The transition was l
detected by the change of the mutual inductance of two coaxial coils.
containing the sample. T was defined as the temperature at which 50%'
of the total change in inductance had occurred. Then the specimens

with lead contents between 38 and T5 at.% were.aged for_7 days at

temperatures between =30°C and Lo° C. If this treatment caused T to :h

change by more than 0.005 X or the width of the transition to increase‘
by more than 0.002 K, ‘it was concluded that the specimen had undergone
‘a phase change and ‘no longer consisted only of the f.c.c. Pbéphase, ,
as 1t did immediately after homogenizing. The result is shown.in
Fig. 2, From this one can estimate the extension of the f.c.c. phases

Tne x-ray measurements were bagsed on these preliminary results,

(4N
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}_Because of the softness of the material, relatively coarse powders
V;i3(75u) had to be used, which were filed in a helium atmosphere from .,

ﬁfhomogenized specimens. The powders were annealed at least 30 min at

fsisiand quenched in ice~water. Then their x-ray patterns were taken at
?f-l78 C,using & Plcker diffractometer, model 5#88K. In. this way the'v

i?fbllcwing relation was established for the faCaCo Pb-phasez

a = u.697o.1+ o.ooeh69 ¢ for ko <c< 75 @)
f:The coarseness of the powder made it impossible to use lines with

E (l) is very similar to the one found by Te Heumann and B, Predel at o

f'room temperature.

"];g-27 c and +25 C. The aging temperatures were chosen in accordance with

@lthe superconductivity results. Since an aging time of only 7 dayS,

”i~ptaken at -178 C. Three types of x-ray patterns were found: l)'those"
v%tcontaining only lines of the tetragonal al -phase,e) those containing
o only 11nes of the f.c.c. Pb-phase, or 3) those containing lines of the
'.'ai and the f;c.c. Pb-phase. waever, ‘lines belonging to two f.c.c.

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

UCRL-16284

;'temperatures between 120 and 160 c, depending on their concentration, S

where a is the lattice constant (A) and C is the at.% ‘of. Pb. ii,_é-:i;} :5

;%9 > 75 , therefore a was averaged from lines with h5 < 9 < 75 . Relationp"

Following this, homogenized specimens with compositions between ‘

'*15 -and 56 at.% Po were aged. for at least 10 days at temperatures between

f_gave the same results, obviously the aging time of 10 days was sufficient..f.s

*\_~to produce ‘the. equilibrium phases. Then the x-ray patterns were again_,i

T
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}f_in a samples 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 + al] was es-, |
. =tablished by calculating the concentration of the f;c.c. phase from ";e‘-' kﬂ)
i‘its lattice constant, using Eq. (l). This procedure was not possible B
for'the phase boundary'between [only ai] and [a, + Pb-phase)) because-.;'?f
 the lattice constant of o could not be measured accurately enough. fif;

Low intenSity made it impos51ble to use lines with @ > 3k° L
Therefore another method hasg been used. Specimens with lead
contents between 15 and 28 at % Pb were first annealed above 100°C, if' v

‘This treatment produced specimens containing only the_ai-phase._ lf the‘f?‘;ji

i subsequent aging below room temperature resulted in the‘fbrnmtion of:thef_)f;:;;
f.cscs phase, the (1l1)~ x-ray-line of this phase could.be observed as‘_

'well as the (lll)-line of the tetragonal oy phase, The limit of.detec-'si".

"tion of the former line was about 043% of the intensity of the latters .

' - 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

5= :
1 haS- |

':che a phase in the low concentration region as previous work
~ shown that it is very difficult to establish equilibrium even above roou

temperature.
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5. Conclusions e "-:"

-"-"The results of this x-ray study shows that a narro"ing of the }

stability ranges of the Q. and the f.c.c. phases in the Po-In-system

1

occurs below room temperature. This is in a@eement with T, Heumann
. and B. Predel's thermodynamic data,which suggested a segregation of lead |
' and indium because of the high positive: entha.lpy of mixing. However, e

i the misclbility gap, proposed by these authors, does not exist.

It seems surprising that an intermediate phase (a ) should occur

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

:v.%”v'constituents.: However, o, differs from the (In)-phase only in c/a, the

1

change of the mean atomic volume being less than 0.2%, and ordering does 3
not occur. According to C. ‘I‘yzack and Ge Ve Raynor5 the existence of the o
l:" pha.se is primarily due to an interaction of the Fermi surfece with |
};" :e Brillouin boundary, but not to a tendency of ordering, which is usually_-.;_

'i";‘ithe reason for the occurrence of intermediate phases. .

‘I'his work was performed u.nder the auspices of the United Sta.tes

| “"‘:"‘v”»v'Atomic Energy Commission. -

e
[
i
|
1

E——————

i
N
+
[
)
i
|
i
$



1.

To

6. " UcRL-1828%

References ~

M. Hansen, K. Anderko, Constitutlon of Binary Alloys , (McGraw-Hlll :

~ Book Company, New York, No Y., 1958).

 Hill Book Company, New York, N. Y., 1965).

E. Nembach, J. Phys. Chem, Sollds, in press.

C. Tyzack and G. V. Raynor, Trans. Faraday:. ‘Soe. 2__, 675 (1951})

2, Bl (1955). L

Ge V. Raynor and J. Graham, Trans, Faraday Soc. 2_) 161 (1958)

T

R. P, Elliott, Constitution of B:Lnary Alloys 1st Supplement 5 (Mc_Graw-g'..-

T, Heunann,and B. Predel, Z. Metallk. 57, 50 a6y, .

C A Moore ’ J. Graham, G. K. Williamson, and Ge V. Raynor, Acta Met. '_

= s~ LT T Tt

= .

- -
~— "

€ -



f":bility gap is d.ashed.

' .low tempera.ture aging did cha.nge ]

. x-ray lines of two [
of 6n1y one u )

'"FIGURE CAPi‘]'ZONs‘ R

l.‘.'The low temperatu:re region of the In-Po phase diagram as
f'_.outlined by T. Heumann a.nd B. Predel. . (In) tetragona.l,
,/c/a. > l*'al tetragonal, c/a. < l~ (Pb) f.c.c. ‘The misci--

Al

:':Results of the superconductivity a.nd x-ray measu.rementsz

the superconducting

,ﬁ;'_did not change O B . properties

phase _dete"ctable .

A
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. phase boundary from lattice constant measurements V7, S

: ;x points on the phase boundaries given by T. Heumann and
” B, Pred.El. 5 . : Lo

-—- Phase boundaries ‘based on this investigation R
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