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I. INTRODUCTION

The dew point method of determining a vapor pressure uses
the equilibrium between a condensed phase and its vapor in an
unique manner, When the vapor in equilibrium with a multicom-
ponent system is cooled, condensation starts at the "dew point"
i, e., the temperature at which the vapor pressure of the pure
condensable component is equal to its partial pressure over
the multicomponent system., The dew point method is a relative
method, If the temperature at which condensation occurs is
determined, the vapor pressure over the system can be deter-
mined from the vapor pressure-temperature relationship of the
pure (condensable) component,

A static system is used and negligibly small depletion
of the volatile component in the condensed phase occurs,

The accuracy depends on the sensitivity of detection of the
formation of the condensate,

The method was proposed for aqueous solutions by
H, Lescoeur in 1889.. The procedure was first applied to metals
by R. J. Hargreaves (1) in 1939 in his classical work on the
vapor pressure of zinc over brasses, Hargreaves placed an
evacuated quartz tube containing the brass sample at one end
in a resistance wound tubular furnace with two independently
heated sections, Both ends of the quartz cell were provided
with re-entrant tubes which carried thermocouples, The

temperature of the whole furnace was raised to a desired value,
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and the end away from the samv»le was cooled, The coolest
portion of the quartz tube was observed throush a hole
through the furnace, At the dew point temverature, conden-
sation of zinc was observed,

Refinements of the method were made by Frost and
Maskrey (2) who employed a photoelectric cell and determined
the dew point temperature by a decrease in the light trans-
mittancy in the region of condensation, Burgan, Hall and
Hehemann (3) sealed tungsten probes into the cooled area, and
assumed that the dew ooint was reached when the condensing
metal closed an electrical circuit,

The main objective of the present investigation was to
develop a method of determining the dew point based on the
detection of the ramma radiation from a radioisotope of the
condensing metal, Radiotracer technicues have served well
in the determination of vapor pressures, Nesmeyanov (4) has
surveved these methods which include the transpiration method,
the Knudsen effusion method, the boiling point method and
the method of Langmuir as well as the techniques which can
only be used with radiotracers; namely, the method of isotope
exchange and direct measurement of radioactivity in the
vavor by counting.

Schadel and Birchenall (5) have measured the vapor

pressure of silver by the Knudsen effusion method in the

temperature range 7500 to 1050° ¢ using radioactive Agllo

as a tracer, Rauh and Thorn (6) measured the vapor pressure



of uranium by this technique, The quantity of uranium
collected was determined from fission product activity obtained
by irradiation of the uranium in a nuclear reactor,

Nesmeyanov (7) has determined the vapor pressure of cadmium

and zinc solids contaiﬁing Cdl13 or Zn65 by the Langmuir method,

In these methods radioactivity is used as an analytical
tool, A dew point method based on detection of radiation
will differ from these techniques in that counting rates obtained
will serve only to indicate that condensation has occurred.

The second objective of this investigation was to determine
some of the thermodynamic properties of the intermetallic
phases in the aluminum-zine, thorium-zinc and yttrium-zinc
systems based on the measurement of the zinc vapor pressure
over varying compositions of these alloys as a function of
temperature,

Anderson (8) has reviewed previous work on the thermo-
dynamic properties of liquid alloys in the aluminum-zinc system,
Kawakami (9) in 1930 measured heats of formation by direct
reaction of liquid alloys at 800° C, finding AH = 4500 xAl in,
Schneider and Stoll (10) in 1941 measured vapor pressures
of zinc over liquid alloys gy.the dew point method in the
temperature range 700-800° C, finding rz;,\, 2300 Xﬁl. Their
temperature coefficients give slightly negative values for
'Z§§n. Leitgebel (11) has determined boiling points over the

composition range in = 0,026 - 0,788,
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Chiotti and his co-workers (12) (13) have studied the
phase diagram and thermodynamic properties of the thorium-zinc
and yttrium-zinc systems by means of thermal, metallographic
and vapor pressure measurements,

They observed four compounds in the thorium-zinc system
corresponding to the stoichiometric formulas ThZZn, Tthz,
ThZn, and Th,Zn Seven compounds in the yttrium-zinc

4 27717°

system were identified: Yin, YZn2, YZnB, YZn#, an5’ Y22n17

and YZn Utilizing the dew point method with visual

11
detection of the condensation, they made zinc vapor pressure
measurements in tvwo -phase regions of interest and evaluated
the standard free energy, enthalpy and entropy of formation
of the compounds from these data and from previously determined

values for the free energy and enthalpy of vaporization of

pure zinc.
Smirnov et. al., (1l4) investigated the two-phase region

between Th22nl7 and zinc, Based on their emf measurements

on the cells

Th/ThClh(fused)/Clz,C

and ThZan7(solid) + Zn(llquld)/ThClh(fused/Clz,C

they obtained the relation for the free energy of formation

of Th,Zn,, AF® = =45200 + 11,26T. This is in substantial
disagreement with the results of Chiotti and Gill who obtained
the relationship AF® = -106879 - 263,319 T + 99.042 TlogT.

Chiotti and Gill have suggested the possibility that the ThClh



in the cell
Thzz‘nl,]( solid) + Zn(liquid)/ThClh(fused)/Cl 2,c
was reduced to ThCl3 upon equilibration of the cell., On the

basis of this assumption they have combined the emf data with

Glasner's (15) value for the free energy of formation of

2
) at 973° K

ThCl3
The calculated values for AF® and AHC (Thzzn

to calculate the free energy of formation of Th an7.
17
are =-71.4 kcal per mole and -85,0 kcal per mole respectively,
Vapor pressure measurements gave corresponding values at 973° K
of -75.2 kecal and -148,7 kcal, The free energy values are in
reasonable agreement but the enthalpy values are in poor

agreement,



II, EXP:RIMENTAL

A, The Dew Point Apparatus

The experimental set-up used to measure the zinc pressure
is shown schematically in Figure 1, The sample, in a tantalum
crucible, was placed in a quartz cell approximately one inch
in diameter and eleven inches long., The top of the cell was
welded on and the assembly was evacuated to 5-10 microns
through a quartz tube sealed into the cell., The system was
then flushed with helium, This procedure was repeated two or
three times and followed by a final evacuation after which the
tube was sealed off,

The top of the cell was provided with two small re-entrant
tubes, One extended to the bottom of the cell and contained
a' thermocouple for measuring the samole temperature, The other
terminated in a 3/8 inch diameter condensation bubble at the
top of the cell and served as an inlet for cooling gas as well
as a thermocouple well for continuous monitoring of the bubble
temperature.

The furnace had three separate sets of windings to insure
good temperature control in all parts of the furnace, 1In
addition, it was fitted with a stainless steel sleeve which
surrounded most of the dew point cell, The purpose of this
was to level out temperature gradients, It was necessary to
provide a "window" in the furnace casement for positioning

the dew point cell prior to taking data, In some experiments



this opening was stopped with a firebrick or quartz plug or
a metal radiation shield or fitted with a set of furnace
windings., These precautions appeared to have no effect on
the data obtained,

Temperatures were measured with chromel-alumel thermo-
couples calibrated against pure copper, silver and aluminum,
They were usually discarded after 200 - 300 hours of use,

The furnace assembly was placed in a well constructed of
lead bricks and the experiments were conducted in a "hot cell”
provided with a lead glass and lead ports so ﬁhat all
operations could be conducted from outside the cell,

The counting apparatus consisted of a Nuclear Chicago
DS~5 standard scintillation detector probe with a one inch
NaI (T1l) crystal connected to a Nuclear Chicago M186P scaling
unit, The crystal was fitted with a water cooled lead jacket
and collimator and the detector probe was positioned co-axially
with the opening in the furnace casement and placed so that the
crystal was about 14 inches away from the condensation bubble.
The crystal was shielded from radiation from the alloy by its
jacket and the lead furnace well, The jacket was water cooled
to keep the crystal at room temperature,

The sensitivity of any counting experiment depends in
part on the background radiation. In this work the major
portion of the background came from the alloy and could be

reduced by use of lead shielding., A smaller portion came



from gamma radiation from various sources in the vicinity of
the experiment including degraded radiation from the sample,
This radiation would generally be of lower energy than the
1.11 Mev gamma radiation associated with the 7n5 used, Since
the amplitude of the input pulse from detector to counter is
proportional to the energy of the gamma radiation giving rise
to the pulse, radiation below a certain level can be
"discriminated against" by allowing the apparatus to count
only pulses of a certain minimum height., This was accomplished
in the present work by adjustment of the sensitivity MV switch
on the scaling unit, This control was adjusted empirically

65 sample and background at various

by counting a standard Zn
settings., A block diagram of the counting apparatus used is

shown in Figure 2,
B, Preparation of Alloys

The zinc metal used in these experiments was Bunker Hill
slab zinc, 99.99 percent pure, The metal was cleaned with
dilute hydrochloric acid and rinsed in water and then
acetone prior to using., The zinc was neutron irradiated to
a specific activity of about 30 mc of Zn65 per gram at the
CP-5 reactor at the Argonne National Laboratory.

Aluminum-zinc alloys

The aluminum metal used in these experiments was notch-bar

ingot obtained from the Aluminum Company of America, It was

specified by the manufacturer to be 99,99+% aluminum, The



Figure 1, Dew-point apparatus
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SUPPLY

DISCRIMINATOR
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Pigure 2, Block diagram of counting apparatus
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ma jor impurity was iron estimated to be present in the amount
of 200-500 ppm, Qualitative spectrosraphic analysis detected
Ag, Ca, Cu, Mz, Ni, Si, and Zr but these were estimated to
be present in amounts of less than 100 ppm,

The aluminum and irradiated zinc metals were vlaced in
a tantalum crucible which was sealed into a dew point cell,
The cell was placed in the dew point furnacé, The temperature
of the furnace was raised to just above the melting vpoint
of aluminum and held there for several hours to insure homogene-
ity. The furnace was then cooled to a suitable temverature
for vapor pressure measurements,

Yttrium-zinc alloys

The yttrium-zinc alloys were prepared by Mr, John Mason
of the Ames Laboratory., Arc melted yttrium sponge from the
Ames Laboratory was used, Majof impurities included C-129 ponm,
Fe~209 ppm, Ni-126 ppm and 02n307 ppm. The yttrium and zinc
metals were nlaced in a tantalum crucible and a oreformed lid
sealed on under an argon atmosphere, This was then placed in
a steel bomb and a lid welded on under protective atmos shere,
The assemblv was heated well into the liquid region for the
composition to be prepared., After ecuilibration, the alloy was
cooled. Portions of the alloy were pulverized with a porcelain
mortar and pestel, Small flat pieces of the pulverized alloy
of 1/16 inch diameter or less were sealed into a quartz amnoule

for irradiation, Sample weights were selected so as to contain
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1-1,5 grams of zinc, After a seven day irradiation in a neutron
flux of about 2,5 x lO13 n/cmz-sec the samples were allowed

to cool for three weeks at the reactor site to allow the
attendant 64 hour y90 activity to decay, After the irradi-

ated alloys had been returned from the reactor, they were
removed from the quartz ampoule, placed in a tantalum

crucible and sealed into a dew point cell without further
treatment,

Thorium+-zinc alloys

Irradiation of inactive alloys is a very desirable method
of preparing samples suitable for dew point measurements,
This is not feasible, however, in the case of thorium-zinc
alloys, Calculations show that at the end o¢f a typical
irradiation, there would be several curies of Pa?33 activity
associated with each gram of thorium in the alloy. Although
this would probably not interfere seriously with vapor pressure
measurements, it was considered an intolerable amount of
activity from a radiological health point of view, It would
be possible to allow the 28 day protoactinium activity to
decay to a level that could be handled, but in view of the
long cooling time (8-10 months) and the toxicity of Pa233,
direct alloying of tracer zinc metal with thorium was
selected as the method of preparation,

Battelle Memorial Institute crystal-bar thorium was

used to prepare the alloys, A piece of irradiated zinc
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weighing between 1,2 and 1,8 grams and a quantity of thorium
to vield the desired composition of alloy were charged to a
tantalum crucible 3/8 inch in diameter and about 2 1/2 inches
long, A prefit tantalum cap was arc welded on the crucible
under an argon atmosphere, The sealed crucible was placed in
another tantalum crucible 1/2 inch in diameter and about three
inches long, A cap was welded on this crucible under a
protective atmosnhere and the whole assembly finally sealed

in a 3/4 inch inside diameter iron bomb, The reason for using
a dual tantalum crucible was that in the event of failure of
the inner crucible, the outer container would serve to keep
the zinc activity contained and prevent contaimination of the
furnace and the surrounding area,

The stainless steel bomb was fitted with a thermocouple
and »laced in an oscillating furnace, The temperature was
slowly brought to 11500 C. Alloys in the composition range
0-90 weight percent thorium are comvletely molten at this
temperature, The alloy was held at this temperature for
about 30 minutes with occasional rocking, The furnace was
allowed to cool and the bomb assembly removed., The iron
jacket and outer tantalum crucible were removed by a remote
operation, The sealed inner tantalum .crucible containing the
alloy was placed in a vise and the alloy crushed to fine var-

ticles. A hole was punched in the 1lid of the crucible with
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a sharp steel spike and the crucible containing the alloy

was immediately sealed into a dew point cell,
C. Technique of Operation

Samples were heated to a desired temperature in the
apparatus and allowed to come to equilibrium, A controlled
stream of air was allowed to pass into the gas inlet tube,
This was adjusted so that, as the dew point temperature was
approached, the condensation bubble was being cooled at the
rate of 1-2 degrees per minute or less, Simultaneously the
counting rate was recorded in 30 second intervals, When the
dew point was reached, an increase in counting rate of 30%
or more was observed. Inclusion of a rate meter or recorder
in the counting system did not increase the precision or sen-
sitivity of the method.

The apparatus was first tested with pure zinc, The dew
point was observed to randomly occur 0,5-1.75 degrees below
the sample temperature, The temperature of the sample and
the initial difference between the sample and bubble tempera-
tures had no apparent effect on the temperature difference
when condensation occurred.

Zinc vapor pressure measurements on alloys ranged from
less than 1 mm to above 100 mm, One generally starts making
measurements at a low sample temperature and works toward
the highest temperature desired. As a check on the

attainment of equilibrium, measurements were made on a
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number of alloys both upon increasing and decreasing the sample
temperature from the previous measurement. The determinations
were in agreement with each other,
In the visual method of determining dew points, several
heating and cooling cycles across the dew point temperature
are made at each sample temperature and the temperature range
in which condensation occurs can be narrowed to 0,5° C;- -This
could not be done with the apparatus used in the present
investigation, Upon warming above the dew point temperature,
the increased counting rate usually persisted for several
degrees, Therefore, as a check on each sample temperature,
the dew point temperature was determined twice, The two
determinations almost always agreed within one or two degrees,
The vapor pressure of zinc over the alloys was calculated
at a given composition and sample temperature from the dew point
temperature and the equation

log P(yem = 9-843 -QZ%&LE -1.318 log T -6.011 x 107°T (1)

tm)
which is Kelley'sf(lé) equation representing the vapor pressure
of pure zinc. Chiotti and Gill (12) have compared this
expression with the following expression derived from Kelley's
revised heat capacity data (17) and the data given by Stull

and Sinke (18) for the enthalpy and free energy of vaporization
and sublimation of zinc.

= 6678 =-1.274 log T + 9.568 (2)

log P(atm) 7

This expression is valid in the temperature range 693° - 1181° K,



17

Equations (1) and (2) are in very close agreement., The
maximum difference in log P calculated from these two equa-
tions, (1) minus (2), in the temperature range indicated is
0.008 at about 950° K, The staff of the Minerals Research
Laboratory of the University of California (19) have summarized
the thermodynamic properties of a large number of metals and
alloys, They have examined the zinc vapor pressure measure-
ments of nine different investigators in the temperature
range of interest, and have commented on the remarkable con-
cordance of the values obtained. The log P values that they
have tabulated are within 2% of those obtained from Kelley's
equation, Equation (2) was used in this work for an evaluation

of the free energy and enthalpy of vaporization of zinc,
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III, PRESENTATION OF DATA

In the dew point method, one makes only two sets of
measurements - the temperature of the sample and the dew point
temperature, These, together with the composition of the
sample studied, an analytical representation of the vapor
pressure-temperature relationship of the condensable component,
and a knowledge of the intermetallic phases in the system
are sufficient in many cases to calculate some of the more
useful thermodynamic properties of the system of interest,

In the systems studied in this investigation, the dew
point temperature data were converted to log P by use of
Kelley's equation

log P = 9.8,3 - 6754,5 -1.318 log T -6.011 x U7r
’ (1)

These vapor pressure data were then expressed as empirical

(atm)

equations relating the logarithm of the pressure to sample
temperature, Two-constant equations of the form

log P=A+ B

. T
were utilized since the accuracy of the data did not warrant
a more complex treatment,

Using standard statistical methods, the slope and

intercept of each run and their standard deviations were

calculated.
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A, The Aluminum-Zinc System

The constitutional diagram for the aluminum-zinc¢ system
according to Hansen (20) is shown in Figure 3. Alloys of ten
different compositions varying from 9.3 to 70.0 atom percent
zinc were measured, All measurements were made in the liquid
region, OSamples of sufficient size were utilized and a suit-
able temperature range for measurements selected so that there
was generally no concern over depletion of zinc in the con-
densed phase., A summary of the results obtained is shown in
Table 1 and plots of logarithm of pressure versus 103/T are

shown in Figures 4 - 13,

Table 1. Zinc vapor pressure as a function of temperature .
for various compositions in the aluminum-zinc system

log P = A/T + B
Mole percent Zinc Log pressure in atmospheres  Temperature

zemperature in Og r?géi

9.3 -7889 + 95 6.146 + ,094 960 - 1065
21.1 -6667 + 64 5,239 + ,067 782 - 1079
33.5 -6571 + 100 5,271 + ,106 896 - 1051
33.8 -6167 + 161 4,907 + .165 929 - 1055
4.2 -6533 + 63 5.317 + .068 853 - 995
49,1 6308 + 60  5.141 + .062 894 - 1071
56.0 -6000 + 312 L.881 + ,349 867 -~ 952
56.7 -6188 + 92 5,063 + .116 823 - 1000
61.7 =639 £ 34 5.289 + ,036 824 ~ 1043

052 855 =~ 1036

+

70,0 -6089 + 49 5,026
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Figures 4 - 7, Plots of logarithm of zinc vapor pressure
versus reciorocal temperature for
aluminum-zinc alloys of various compo-
sitions.

Figure 4, 9.3 atomic percent zinc
Figure 5, 21,1 atomic percent zinc
Figure 6, 33.5 atomic percent zinc
Figure 7. 33,8 atomic percent zinc
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Pizures 8 - 11, Plots of logarithm of zinc vapor oressure
versus reciprocal temperature for
aluminum-zinc alloys of various compo-

sitions,
Figure 8, LL,2 atomic percent zinc
Figure 9, 49,1 atomic percent zinc
Figure 10, 56,0 atomic percent zinc

Figure 11, 56,7 atomic percent zinc
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Figures 12 - 13, Plots of logarithm of zinc vapor pressure
versus reciorocal temperature for
aluminum-zinc alloys of various comoosi-

tions,

Figure 12, 61,7 atomic percent zinc

Figure 13. 70,0 atomic percent zinc
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B, The Yttrium~-Zinc System

The phase diagram constructed for the yttrium-zinc system
by Chiotti et. al, (13) is shown in Figure 14, Vapor pressure
measurements were made in each two phase region of interest.
The temperature range over which measurements were made was
limited at the lower end by the fact that with the present
experimental arrangement, vapor pressures of less than one
millimeter were difficult to measure and at the upper end
by concern over the integrity of the quartz cell, In narrow
two~phase regions and at high pressures, there was also the
danger that with these small samples, the composition of
the condensed phase would shift to the next region due to
depletion of zinc,

A summary of the results obtained on this system is
shown in Table 2 and plots of logarithm of pressure versus
10°/T (K°) are shown in Figures 15 - 17,

Table 2, Zinc vapor pressure és a function of temperature
for seven of the two-phase regions of the yttrium-
zinc system

lJog P = A/T + B
Weight percent zine Log gressure in atmg;pheres Temperature

and equilibrium emperature in “K range
phases A B (Eﬁ)
22,0 = 30,2 -11125 + 291 6,796 %+ .264 1040 - 1140
Y-YZn
55.1 - 8892 + 80 6,051 + ,072 1022 - 1180

YZn-YZn2



28
Table 2., (Continued)

log P = A/T + B
Weight percent zinc Log pressure in atmospheres  Temperature

and equilibrium Temperature in °K range
_phases A B (°K).
67.7 -7966 *+ 106 6.,2,9 * ,10 09 - 1102
YZn2-Y2n3 b ’ 799
72,7 -7912 + 55 6.310 + ,059 845 - 1127
an3~an4
77.9 -7519 £ 45 6,104 + ,047 985 - 1159
YZna-YZnS
82.1 -7886 + 60 6,501 + ,054 851 - 1065
Yin-Y _in

27717

87.2 -6500 + 80  5.478 + ,088 843 ~ 950
T Zn,, =180y,

C. The Thorium-Zinc System

The phase diagram of the thorium-zinc system (12) is
shown in Figure 18, Vapor pressure measurements were made
in all two-phase regions of interest. The difficulty in
obtaining measurements at low zinc vapor pressures was present
in this system as in the yttrium-zinc system., There was the
added consideration that pulverized alloys were not inspected
for particle size or oxide impurity, The radiological hazard
associated with these fine particles required that the
crucible containing the crushed alloy be sealed into a dew

point cell as soon as its lid had been pierced, An
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Figure 15, Plot of logarithm of zinc vapor pressure over yttrium-~zinc alloys of
22.0, 30,2, 55.1 and 67,7 welght percent zinc versus reciprocal of

temperature,
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Figure 16, Plots of log vapor pressure over alloys of 72,7 and 77.9 weight
percent zinc versus reciorocal of temperature,
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Figure 17, Plot of log vapor pressure over alloys of 82.1 and 87.1 weight
percent zinc versus reciprocal of temperature
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examination of inactive alloys of various compositions indica-
ted, however, that crushing in a vise yielded shiny particles
of a desirable size,

4 summary of the vapor pressure measurements is shown in
Table 3, and plots of logarithm of pressure versus 103/T (OK)
are shown in Figure 19,

Table 3. Zinc vapor pressure as a function of temperature
. for four of the two-phase regions of the thorium-
zinc system,

log P =A/T+ B

Weight percent zinc Log pressure in atmospheres Temperature
and equilibrium Temperature in %K range
phases A B (°k)
10,0 -10130 + 177 6,711 + ,158 1023 - 1166
Th-ThZZn
24,8 - 9000 + 560 6.324, + ,603 1000 =~ 1098
ThZZn-Tth2
44,9 - 8824 + 199 6.835 + ,207 876 - 1057
Tthz-Tthh
61.8 - 7142 + 88 5.753 + .099 829 - 966

ThZn -Th Zn
4 2 17
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IV, THERMODYNAMIC CALCULATIONS

The purpose of the vapor pressure measurements in this
investigation is to permit a calculation of various thermo-
dynamic properties of the systems studied, Measurements and
calculations of this type are used on metal systems for a
variety of applications ranging from blast furnace technology
to processing of nuclear reactor fuels,

The thermodynamic standard reference state for a substance
is commonly chosen as the pure liquid or solid at one
atmosphere pressure and a given temperature or as the gas at
unit fugacity and the temperature under consideration, The
fugacity may be considered a corrected pressure and is
defined to approach the pressure as the pressure approaches
zero, 1In most work dealing with metal vapors, the ideal gas
approximation is made and is generally valid since pressures
are low,

The thermodynamic activity is related to the vapor

pressure of component i in a condensed system by the relation

T 1
ff
where f; = fugacity of pure i
fi = fugacity of i in the condensed phase
p; = vapor pressure of pure i

pg = vapor pressure of i over the condensed phase
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The thermodynamic activity coefficient, a measure of the

departure from ideality is defined as

¥i=a, (4)

=
i

The partial molal free energy of component i, KFi, is

expressed by the relationship

AF{ = RT ln a; = RT 1In P (5)
0
Py

where R is the gas constant and T is the absolute temperature,

The enthalpy for a reaction in general is given by

.

AH = (6)

=8

d

3}

and the entropy

AS = AH - AF (7)
- T

In a binary system, the activity of the second component
can be evaluated by integration of the Gibbs-Duhem equation

X d 1n a +x2d1na=o (8)

1 2
and the corresponding partial molal thermodynamic quantities

can be calculated,

The integral quantities per mole of solution for the

free energy, enthalpy and entropy of mixing are

AF = X; AF; + X, AF2 (9)
AH = Xy BH, + X, aH, (10)

AS = Xy ZSE + X, KSE (11)

N
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&, The Aluminum-Zinc System

Thermodynamic activities of zinc in solutions of various
compositions were calculated at various temperatures from the
vapor pressure data in Table 1 and Kelley's ecuation for the
vapor pressure of pure zinc., It is difficult to evaluate
accurately the errors in the activities calculated, Because
of this and the fact that the partial molal cuantities of the
aluminum comvonent would normally have to be evaluated by a
granhical integration of the Gibbs-Duhem equation, it would
be desirable to fit the data to an analytical expression
relatins activity and mole fraction,

In view of the fact that the molar volumes of zinc and
aluminum differ by less than 9%, it was decided to fit the
data to the so-called regular solution (21) (22) for equal
size molecules,

By this definition, a regular solution is one in which

2
1nxl=o<x2 (12)
where o is a characteristic parameter reflecting the
deviation from Raoult's law,
The activity coefficient of the other component can be

evaluated from the Gibbs=-Duhem ecuation

Xl d 1ln al + X2 d 1n a2 =0 (8)
Xl + X2 =1 (13)
dX, + dX, = 0 (14)
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Xl Xm + X dX, =0

X

2 2
X2

X, dlnX +X d1n X, =0
adding (8) and (16)

X. d1ln

1

2

Xl+x2d1n}(2=o

dln ¥ ,=-Xd1nY,

X

from the definition of the regular solution

d1l =2 X dX
n ¥ 1 L 2 %,
d 1n X 1= :f; 2L X2 dX2
X
and since
Xm =-dX2
d In ¥ 2=2<;< deXl
in Y 2=°(Xl + const,
At Xp =0, XzslandlnX2=Osoconst.=0
_ 2

The integral molal thermodynamic properties of a

regular solution are readily derived

AF
mix

L}

[}

RT (Xl 1n a; + X2 1n a2)

RT (X, 1n ylxl+ X, 1n Y, X)

RT (Xl in Xl + Xz in X2) +

(Xl in X 1 + X2 lny.'z)

(15)

(16)

(17)
(18)

(19)

(20)

(14)
(21)
(22)

(23)

(24)
(25)

(26)
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RT{ X, InX +X InX)+
1, 2 » (27)
(c( X X%+ X, x )}
2 .
= RT4{(X, In X + X 1In X)) +
{x 1 2 2 (28)

L (Xlxz)}
The expression in the first set of parenthesis in equation

(28) reflects the free energy of mixing of an ideal solution

and the °((X1X2) term is a correction term,

Since AF
mix
AH . = 4 T
mix Sy -
d 7
AH ., = 4d R X In X + X, 1n X
R S R e
+o((XlX2)}
= R (X X ) 4 e 28
51
d

Values of of were calculated at 950,975, 1000, 1025 and
lOSOOK for each alloy, The average value at each temperature
was computed as was its standard deviation, (23) The standard

deviation for a series of measurements is given as

(30)

where N is the number of determinations, X is the average
value of the series and Xi is the value of the ith determina-
tion, Values of & and their standard deviations are

tabulated for each temperature in Table 4.
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Table 4. Values of & at 950, 975, 1000, 1025 and 1050 °K,

~—Temperature (°K) e O«
950 0,500 0.051
975 0.548 0.037
1000 0.592 0.036
1025 0.626 0.026
1050 0.666 0,033

A plot was made of &{ versus reciprocal temperature and
is shown in Figure 20, The slope of this line, do_, was
calculated to be -1428 + 108 °K. d %

Equations (28) and (30), the data in Table 4 and the value
of dX_ were utilized to calculate the integral free energy,

d ®
enthalpy and entropy of mixing of various compositions at 950
and 1050 oK. These values are shown in Table 5 along with the
thermodynamic activities for the two components,

The standard deviations of the various thermodynamic
quantities are also given in Table 5, The standard deviations
of the free energy and enthalpy of mixing are O AF ;. = RT Xrgf;
and 9 AH , =R XX, o %j?; . 074S ;. was calculated from

To7as,; =v0" AF  +0BH (T, The standard deviations of the




Figure 20, Plot of & versus reciprocal temperature for
the aluminum-zinc system,
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Table 5. Thermodynamic activities and free energy, enthalpy
and entropy of mixing in the aluminum-zine system,

950 °K
XZn éZn aAl AF.mix AHmix AS;nix
(¢ 0 0 al/deg - mo
.150 90 - 529 - 255 .29
.1 + ,006 + ,001 =+ 9 + 19 + ,02
.276 816 - 793 - 454 .36
o2 + ,011 + ,002 + 16 + 34 + ,04
.383 732 - 955 - 596 .38
3 +.,009 + ,003 =+ 20 * 45 + .05
479 .650 - 1043 - 681 .38
A + ,008 + ,005 + 23 + 52 + .06
.567 567 - 1073 - 709 .38
] + .007 + .,007 + 24 + 54 + ,06
.650 479 - 1043 ~ 681 .38
.6 + ,005 + ,008 + 23 + 52 + ,06
| 732,383 - 955 - 59 .38
.7 +.,003 + ,009 + 20 + 45 + ,05
.816 276 - 793 - L54 .36
.8 + ,002 + ,011 + 16 + 34 + .04
. 904 150 - 529 ~ 255 « 29
.9 + ,001 + ,006 =+ 9 + 19 + ,02
1050 °K
171 907 - 553 ~ 255 .28
.1 + ,00, * ,001 + 6 + 19 + ,02
. 306 ,822 - 822 - 454 <35
2 + .006 + ,001 + 11 + 34 + .03
L 16 743 - 983 - 596 <37
«3 + ,007 + ,002 =+ 14 X 45 + 04
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Table 5, (Continued)

)
1050 K
in ay, aAl AFmix AHmix ASmix
(cal/mole) (cal/mole) (cal/deg - mole)
.509 ,668 - 1071 - 681 .37
A +,006 + ,004 + 17 r 52 + .05
.591 .591 - 1099 - 709 .37
.5 * ,005 + .005 X 17 + 54 + .05
.668 .509 - 1071 - 681 .37
.6 + .00, + ,006 + 17 + 52 + .05
743 416 - 983 - 596 .37
.7 + ,002 + ,007 + 14 45 * .04
.822 . 306 - 822 = 454 .35
.8 + ,001 =+ ,006 11 34 + .03
.907 171 = 533 - 255 .28
.9 + .,001 + ,004 x 6 r 19 X .02

thermodynamic activities were calculated from the
expressions

2

c_lnxl=X2<f& and 1ln a =ln¥l+1nX

1 1

so that
2
0O 1n a, = X2 O«

B. The Yttrium~Zinc System

The yttrium-zinc system shown in Figure 14 contains seven
intermetallic phases which have been treated as line compounds
separated by heterogeneous fields, In the first field, below

858 oC, we have yttrium, YZn and zinc vapor in ecuilibrium,
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Since the number of components in the system is two, the
variance is one =-=- indicating that at a fixed temperature in
the region, the pressure of zinc and all other intensive
variables become determinate, This equilibrium pressure is

related to the AF® of the reaction

Y + Zn(v)?:"_ YZn (31)
by the relationship
AF® = RT 1n p (32)
Zn

This is combined with the reaction

== in (33)

Zn
(1) (v)
for which the standard free energy is

AF® = -RT 1n pgn (34)

Combining equations (31) and (33), giving the expression
for the formation of YZn from the elements in their standard

states,

Y + Zn(l)# YZn (35)

for which the AF® is the sum of (32) and (34)

AF® = RT 1n p_ (36)
O
p
The enthalpy, AH% =
AF° p
d T =Rdlnp° (37)
. .
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i

Equivalent calculations can be accomplished for each
succeeding compound in the system, utilizing the thermodynamic
values computed for the preceding compound, -Thus the accuracy
of the calculated value of the enthalpy or free energy of
formation will depend in part on the error involved in the
determination of the corresoonding value of the »receding
compounds. A summary of the data recuired to evaluate the
standard free energy and enthaloy of the comnounds in the
yttrium-zinc system is given in Tables 6 and 7,

These calculations assume that the solid solubility of
zinc in yttrium is negligible, The linear form used for
relating log P and 1/T assumes that ACp for the reaction of
a compound plus zinc vapor going to the next higher compound
is zero, This appears to be valid within the accuracy of the
data, The best fit straight line of logarithm of zinc
pressure versus reciprocal temperature for each run was
examined and residuals of individual data are randomly
scattered with respect to sign and magnitude. Any
appreciable change in ACp with temverature for the reaction
should be reflected in a gradual change in the value of these
residuals as the temperature changes,

The equations outlined in Tables 6 and 7 and the vapor
oressure equations for this system were combined with the
expressions relating the vapor pressure of pure zinc to its

enthalpy and free energy of vaporization to give analytical



Table 6. Relationship between free energy and vapor

yttrium-zinc system,

pressure for compounds on the

Region Reactions AF
Y-YZn Y + Zn(v)-(-—-? YZn AFl = R’I‘lnp:L
. o - . o
Zn(l)-\_—__a- Z.n(v) AFY = «RTlnp
Y + zn(l)—\_.—e: YZn AF? = RTlnp,
?°
YZn-YZn, YZn + Zn(v) = Yan AF2 = RTlnp2
o . 0
Zn(l) é Zn(v) AF = -RTlnp
Y + Zngyy = Yn AF?
Y + 2Zn( )& Yin, AFQ. = AF] + RTlnp,
p°
anz-‘,fan Yan + Zn(v) = anB AF3 = RTlan
Zn(l) = Zn(v) AF® = -RTlnp°
Y+ 22n.,, = YZn AFEI
Y + 3Zn())F Yin, AF‘I’II = AE} + RTlnp

=3
°

T$



Table 6, (Continued)

Region Reactions AF
- —_— ! =
anh YZn3 YZn3 + Zn(v)<—— YZn4 AFh RTlnph

Zn(q )= L0y,
Y + BZn(l)gziYZn3

——
Y + AZn(l)<__ YZn4
anS-anh anh + Zn(v)?=e an5

—
Y + 4Zn —= YZn

(1)< "4
: —
Y + 5Zn(1)<f- YZnS
Y Zn.,-YZn 2YZn_ + 7Zn = Y Zn

27717 5 5 (v) S 727717

2Y + lOZn(l)gzﬂ 2YZn5

AFO = RT1np®

AF°
I1I

AFS. = AF

1o)
v 1T + RTlnp

L

pO

AF
5
AF©

RTlnp,
-RT1np®

o
AFIV

2Y + 17Zn(; = Yin,,

AF® = AF°

v v + RTlnp

3

74F = 7RTlnp6
74F° = -7RTlnp,

o
AF
2 v

AF;I = 2AF§ + 7RT1n£g
p

4



Table 6. (Continued)

Region Reactions AF
Yanl-YZan7 1/2Y22nl7 + 5/2Zn(v)3=£ Yanl 5/2AF7 = 5/2RTlnp7
S/ZZn(l)€=e 5/22n(v) 5/2AF° =-'5/2RTlnp0
o)
Y + 17/2Zn( )= 1/2Y22n17 1/2AFVI
Y + 11lZn(7) & Y2ny, I 1/2AFV 1t S/ZRTIHEZ
0
p

€9



Table 7., Relationship between the enthalpy and vapor préssure for compounds

in the yttrium-zinc system,

Region Reactions AH
- —-—> =
Y-YZn Y + Zn(v) = Yin AHl R dlnpl
1
d T
Zn(yy = Yan(y) AHC = <R dlnpg
1
d T
Y+ Zng, == Yon AHD = AH, + AHC

YZn-YZn, YZn + Zn(v) ;ﬁ‘ YZn2

Zn(1ye= oy,

Y + 2In;,, g Yin,

1
d 7
AHO =R dlnEo
qa L
T
A (o)
HI

AHC = AH  + AH® + aH®
II 2 I

w9



Table 7. (Continued)
Region Reactions AH
-Y7 7, - AH = dlnp
YZn2 ?Mn3 Y n, + Zn(v).;- YZn3 3 R - 13
T
— AH® - .p dlnp
Zn(l)v.__ Zn(v) R - lo
F-
Y + 2Zn, = Yin, AHD L
Y + 32n;,,=> YZn AHO = AH. + AHO + aH®
(1) 3 III 3 11
YZn -YZ YZn. + 2 — YZ AH, = R 9410P,
L3 I O LT E a4
T
A 0o _- _.p dln 0
T
Y + 32n,. .= YZn AH®
3 (L)~ 3 IIT

-_> r
T+ dng) = Yo,

AH® = AH  + AHO +aH®
IV 4 11T

4



Table 7. (Continued)

Region Reactions AH
YZn_-YZn YZn + Zn, = YZn AH = g dlnp
5 4 (v)©S s 5 —
d F
o dlnp®
an— Z A = - p
T
o
— AH
L+ bing )= ton, Iy
-—_ YZ O = AH 0 o
T+ 52n,)= ng AHV 5 * AHT + MHL
. . dlnp
Z ~YZ Z ] yA H, = 6
Yz nl7 Y n5 2Y n5 + 7An(v) = Y2 nl7 74 6 7R —
T
Zngyy = 7% AHC = -7R dinp?
d =
T
—_— / o
2Y + 1OZn(l) — Y n5 2AHV
o _ o o}
2Y + 17Zn(l) = YZan,? AHVI 7AH6 + 7AH” + 2AHV

9%



Table 7. (Continued)

Region Reactions AH
Y Z 1/2Y 2 Zn, .= YZn AH,, = 5/2r dlnp
YZn,, -Y,Zn,, / 220y, * 5/2 niy) = YZny; 5/20H,, = 5/2 : _z
T
= 5/27Zn HO = - dlnp°
5/2Zn,. = 5/24 5/2R 810D
(1) (v) 1
T
o}
Y+ 17/22n )= 1/2Y22nl7 1/20H
o] _ o]
Y+ 11Zn, ) = Yin),) o AHLL = 5/2AH7 + 5/20H
(o]
+ l/ZAHVI

LS
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relationshiovs for the integral free energy, enthalpy and
entrooy of formation of the seven compounds in the system,
The expressions obtained are listed in Table 8, From these
equations values of the thermodynamic cuantities were
calculated at 750 and 1000 °K, These are siven in Table 9,
Also given in Table % are s+andard deviations for the
calculated values, These have been derived solely from the
data obtained in this investigation and are based on the
standard deviations calculated for the slope and intercept
of the vapor pressure equations, No estimation was made
of the errors in AR® and AF° of pure zinc, Since the
vap vap
vapor pressure-temperature relationshi» of zinc has been
quite accurately characterized, they are undoubtedly quite
small compared to the errors in the present work,
The standard deviations of the constants in the vapor
pressure ecuations were obtained from the equations
o ¥ x*
intercept = 1 kK Tx° - (5:.X)2

k
a—slope =°TIJ k ):x2 - (f:X)2

where k ecuals the number of determinations, X X is the sum

——,

(24)

of all reciprocal temperature values and Oy is given by
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Table 8, Analytical expressions for the standard thermo-
dynamic properties of formation of compounds in
the yttrium-zinc system in the temperature range
studied,

YZn AF© = -20361 + 5,826 TlogT =-12,667T

form
o = - -
AH form 20361 =-2,53T
o = -
A5 o0 rm 10.14 -5.826 logT
YZn, AF® oo o = <3084 +11,652 Tlogl -28,744T
0 = - -
AH form 30484 -5.06T
o) = -
837 £ rm 23,68 -11,652 logT
YZn AF© = «36389 +17.478 TlogT =43.915T
3 form
o) = - -
AH form 36389 -7.59T
o - -
AS form ~ 36.33 =-17.478 logT
YZn AFO = <4,204,7 +23,304 TlogT -58,806T
* torm 0,12T
o = =420 -10,
AH form L2047 -1
AS® = 48,69 -23.304 logT
form
o
= =4,5907 +29.130 TlogT -74.640T

YZn5 AF form 45907 9.13 g 4
AH® = -45907 -12,65T

form
As® = 61.99 =-29.130 logT

form



Table 8.

Y22n17

Yanl

(Continued)
O = -
AF porm = 130479
o = -
AH form ~ 130479
° = 244 48
form
AF© = -63232
form
K° = -63232
form
AS® = 1,2.66

form

60

+99,042 TloglT -247.493T
-4,3.01T
09,042 logT

+64.086 TlogT =-170,494LT
-27.83T
-6l,.086 logT




Table 9, Calculated values for AF° form’ AH°fom and As°fom at 750 and 1000 °K,
750 °k 1000 °k

Compound -AFOform oform Soform 0form ) ofOrm ) SOform

(k cal/mole) (k cal/mole) (cal/deg- (k cal/mole) (k cal/mole) (cal/deg-

mole) mole)

YZn 17.29+0,43  22,24%1,33 6.60£1,21 15.5430,11 22.87+1,33  7.33%1,21
YZn, 26.92+0.44  34.26+1.38  9,80+1.25 24.28+0,12  35.52+1,38 11,26+1,25
YZng 31,6320,46  42,04%1,46  13,89+1,34 27.8740,13 43.94+1.46 16,07+1,34
YZn, 35.89+0.46  49.59+1.49  18,26+1,37 30,95%0,14 52,1241,49 21,17#1,37
Yzn, 39,07+0.51  55.40+1,50 21,77+1.38 36,76+0.14  58,56x1,50 21,80+1,38
Y,Zn,, 102,54+1,09 162,74+3.46  80,27+3.,26 80,85+0,42  173.49+3.46 92, 64+3,26
YZn, 52,91+0,56  84,11%4,16 41,60%1,92 41,47+0,21  91,06%1,96 49.59+1,92

19



The relatiopnship

o7 = T ($4)°
K - 2

§1is the difference between the measured logarithm of
pressure and the value calculated from the least sguares line
at the experimental temperature,

The standard deviation for a value of log P was derived
from the following exoression in Beers (24), which is the
general relation for the standard deviation of a Yo
corresponding to a specific x_

o=, ﬁ%‘&z - 2x Tx + kxd
0 k & x* - (Lx)?

This yields upon appropriate substitution

T T \T Average

and the corresponding AF is given bv the relationship

T AR log P

The standard deviations of the enthalpy and entropy were

log P
= 2,303 RTO

calculated from the standard deviations of the slope and
interceot resnectively and are given by the relationships
0
O”AH 2.33R0’S
2.303 RCT'I

i

CrvAs

Since the value of the thermodynamic provnerties of a

compound are calculated in part from the value of a preceding
compound, the precision of a given value of a proverty will

reflect the precision in the value of the corresponding
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property of preceding compounds, The precision indices for
the value of a oroperty were propagated by the root mean

square relation,

C, The Thorium=~Zinc System

The thorium-zinc system was treated in a manner
analo~ous tothe yttrium-zinc system, The informstion
reacuired to calculate the free energy, enthalpy and entropy
of formation of the compounds in the system is outlined in
Tables 10 and 11, The vapor pressure data in Table 3 was
combined with values for the enthilpy and free energy of
vaporization of zinc to yield empirical relationshios for
the integral free enersy, enthaloy and entropy of forma-
tion of the four compounds in the system, These are given
in Table 12 and calculated values of the cuantities and
their standard deviations at 750 and 1000 °K are given in
Table 13,

The results obtained at 1000 °k are compared in
Table 14 with those of Chiotti and Gill (12) who made
vapor pressure measurements of the system usines a visual
dew point method, The values obtained ure in pood agree-

ment with the exception of the enthalpy values of Tthh.



Table 10,

Relationship between free energy and vapor pressure for compounds in

the thorium-zin¢ system,

Region Reactions AF
Th-Thy2n 2Th + Zn(y & ThyZn AF, = RTlnp,
Znyy & Zn(v) AF® = -RT1np°
2Th + Zn(1y= ThyZn AF] = RTlnpy
pO
ThZZn-Tthz l/2Th22n + 3/2Zn(v)——,.—.> 3/2AF2 = 3/2RTlnp2
3/22n(l)_<=_> 3/2Zn(v) 3/20F° = -3/2RTlnp_
Th + l/2Zn(l)-¢-_,-> l/2Th22n 1/2AF;
Th + 22n; )= AFQL = 1/28F + 3/2RTIn"2

p

(*)

9



Table 10, (Continued)

Region

Reactions

AF

Tth2 -Tthh

Tthh -Th22n17

ThZn_ + 22 — ThZn
2 M) T L

2Zn = 2Zn

(1) ~ (v)
Th + ZZn(l);=5 Tth2

2’I‘th[P + 9Zn(v)

—
=
—
=
2Th + 8Zn .. = 2Thin
—\
=

2Th + l7Zn(l)

AFO

2AF = 2RT1n
A Ps

20F° = 2RT1np

II

AF® = AF°_ + 2RT1
. izt ? 93%

P
9AF = 9RT1

y = ORTnp,
9AFC = ~9RT1np
2AF°

IV

AF® = 2AF°  + 9RT1nP
Iv III 5%

$9



Table 11,

Relationship between the enthalpy and vapor pressure for compounds
in the thorium-zinc system,

Region Reactions AH
; - dlnp
- — =
Th Th2Zn 2Th + Zn(v) = Thzzn AHl R ll
d =
T
o o
- -p dlnp
d T
_— T i HO = fo)
2Th + Zn(l)‘__ hzzn A T AHl + AH
Th _Zn-ThZn 1/2Th _Zn + 3/2Zn, , —> ThZn 3/20H_ = 3/2R dlnpzi
2 2 2 (v) < 2 2 -
T
(o]
7 — 2Zn oAHC = -3/2R 4inp~
T
o)
Th + 1/2Zn(;)+= 1/2Th,Zn 1/28H]
I (o] = 1 zAHO 0
Th + 2‘“(1) = Thin, AHZ / . 3/20H,, +3/20H

99



Table 11, (Continued)

Region Reactions AH
-ThZ Zn_ + 2Zn,_, = ThZ 20H_ = 2R dinp
Than,-Th n, Th&n2 2_n(v).¢— Th nh 3 _E_Il
T
o d1lnp®
= «2R -—-—-R_
ZZn(l);=é ZZn(v) 240H 2 ; 1
T
o
Th + 2Zn ;)= Thin, A
—_— 0 - AWO o
Th + th(l)‘_— Tthh AHIII AHII + 2AH2 + 2AH
~Th_Zn. z — Th Z AH, = 9Rr dinp,
Tthh 2 nl7 2Th n4 + 9Zn(v)‘__ Th2 nl? 9 ) 9 | T
d T
7 0 -_op dlnp®
T
. o)
2Th + SZn(l)ng 2Th2n17 ZAHIII

Z — Th Z
2Th + 17 n(l)<r, 2 nl7

AH° = 2aH°  + 9AH  + 9aH°
IV III L

L9



Table 12,

68

Analytical expressions for the standard thermodynamic
properties of formation of compounds in the thorium-
zinc system in the temperature range studied,

AF®
form

o
AH form

AS°
form

0
AF form

o
AR form

o)
435 form

]

"

-15788 +5,826 TlogT
-15788 =-2,53T
10,54 =-5.826 logT

-13,070T

-23822 -28,795T
-23822

23.75

+11.652 TlogT
-5.05T
-11,652 logT
+23,.30, TlogT -53,800T
-10,11T

~4,3450
~4,3450
43.69 -23.304 logT
-105985 +99.042 TlogT =-264.666T
-105985 -42.99T

221,68 -99,042 logT
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Table 13, Calculated values of the standard free energy,
enthalpy and entropy of formation of compounds
in the thorium-zinc system,

Compound Temp,  -AF° -AH® ~AS°
°x kcal/mole kcal/mole cal/mole~degrees
Th,Zn 750  13,03+0,27 17.69+0, 81 6.21+0,72
1000 11,38+0,09 18,32+0,81 6.94+0,72
Th2n2 750 20,29+1,28 27.62+3,86 9.754.85
1000 17.66+0.34 28,37+3, 86 11,21+, 85
TthZP 750 33.55+1.34 51,044 27 23.31%5.21
1000 27,340,393 53,5644 ,27 26,62+5,21
Thy2ny 4 750 90.93+2.76 138, 24+9,28 63,07+6,61

1000 73.53+0.98 148,9849,23 75.4516.61
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Table 1., Comparison of values obtained for the AF o .,

o)
and AS°
AH form form °f ThZZn, TthZ, Tthh and
ThyZn,, at 1000 %K with those of Chiotti and Gill,
Present Investigation Chiotti and Gill
Compound AF° AR° AF° I\
form form form form
ThZZn -11,4 - 18,3 -10,9 -16.5
Tth2 -17.7 - 28,9 -18,0 -28.8
TthLP =27.3 - 53.6 -27.0 AA
Th 2 ~73. =149.0 -73.0 - .
, n17 73.5 49 73 149.9

This rather large variance can be traced directly to a 10%
discrepancy in both the slope and intercept of the vapor
pressure ecuation in the region Tthz-Tthh alloy, The
discrepancy cancels in the free energy expression which
reflects both slope and intercept, In the enthalpy,
however, this disagreement in slope reflects a 7 k cal/mole
difference in the calculated values, Another alloy of
this comnosition was run z2nd the slopes and intercepts of
the two determinations made in this investigation égreed

within 2-3 percent,



V. SUMMARY

A dew point method based on detection of the gamma
radiation from a radioisotope of the condensing metal has been
described, The zinc vapor pressure was measured over a number
of alloys in the aluminum-zinc, yttrium-zinc and thorium=~zinc
'systems. Thermodynamic properties of intermetallic phases in
these systems were calculated for the temperature range of
measurements,

The disadvantages of the method over a visual method are
generally those inherent in the use of radioactivity.
Shielding and special handling procedures are necessary to
prevent contamination or exposure of personnel, Melts may
not be examined for complete alloying and sample sizes are
limited, All procedures must be practiced "cold" before
tracer work is attempted.

Perhaps the main advantage of the method is the more
objective and less eye-straining method of ascertaining
the dew point, The author has attempted on occasions to
make dew point measurements visually and feels that the
radioactive counting method is immeasurably easier and
probably as accurate,

The sensitivity of the method =~ that is, the minimum
amount of condensate that can be observed, is probably

about the same as a visual method., This is, of course,
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dependent on the specific activity of the material used as well
as the propinquity of the detector to the region of condensa-
tion and the background of the counter, It is estimated that
a condensate of about 10 micrograms of zinc is the minimum
that can be observed with the apparatus described;

Kubachewski and Evans (25) have stated that the dew
point method is applicable down to 1072 mm, but the author
agrees with Kilp (26) that it is very difficult to get data
below one mm of pressure,

The method has obvious extensions to ternary systems,
Two components would be radioactivally tagged and their
individual dew points determined, A gamma ray analyzer
would be included in the counting circuit to assure no
interference between the radioisotopes of the two volatile
components,

The method could be applied to other than metal vapors,
for example the vanadium pentafluoride pressure in the

reaction,

_—
ZVFA(S) = VFB(S) + VF5(V)

Of course, the vapor pressure of pure VF5 must be well

known as a function of temperature,
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