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In this paper we report that scaled nucleation theory (SNT) can describe moderately well the
observed nucleation behavior of a significant number of refractory materials if a more appropriate
value of a quantity commonly referred to as the excess surface entropy is used. With the availability
of more reliable critical point and liquid property data, we are better able to calculate this quantity
and we find that for refractory materials it can be as small as one half to one third the quantity
traditionally used in its approximation. As a result of using more accurate values, we find
considerably better agreement between SNT and experiment than what was originally determined.
We also explain why using surface tension slope information to determine the excess surface
entropy can lead to substantial errors in the SNT supersaturation prediction. © 200! American

Institute of Physics. [DOI: 10.1063/1.1378069]

I. INTRODUCTION

The condensation of supersaturated vapors has been of
theoretical and experimental interest for many decades. Early
theoretical work focused on the development of a description
for predicting the onset of nucleation based on thermody-
namic and kinetic arguments. The pioneering work of
Volmer and Weber' and the continued work of Becker and
Doring® and later Zeldovich® led to the development of a
description commonly referred to as the classical nucleation
theory (CNT). CNT has had considerable success in predict-
ing (usually qualitatively) the experimental supersaturations
required to initiate homogeneous nucleation for a wide range
of molecular fluids, despite the simplifying assumptions
made in the original theory.

Over the past several decades, investigators have fo-
cused on correcting various inconsistencies that are believed
to adversely affect CNT. Two major inconsistencies that
have been addressed in the literature are CNT’s failure to
satisfy the law of mass action* and an apparent error in the
expression for the cluster size distribution for the limiting
case of monomer ‘‘clusters.””>® These inconsistencies have
been addressed in a revised theoretical model referred to as
the internally consistent classical theory (ICCT), which has
resulted in slightly better agreement with some experimental
studies.

There have also been attempts to describe the nucleation
behavior of various classes of compounds using a scaled
form of the CNT nucleation rate equation.7‘9 In 1986, Hale
introduced one such scaled formalism, known as scaled
nucleation theory (SNT),'° which utilizes critical point
quantities to reduce the CNT rate equation into a material-
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independent form. Although this form is an approximation of
CNT, agreement with experimental data for various molecu-
lar fiuids is rather good. As a result of this success, SNT was
subsequently applied to selected refractory (i.e., metallic and
other high temperature materials) nucleation data!' with
what appeared to be similar success. However, comparison
of SNT with nucleation data from a wider range of refractory
materials'? suggested that these materials, as a class, could
not be described as accurately as the molecular fluids to
which SNT was originally applied.

With the availability of more reliable critical point and
liquid property data we find that this poor agreement is, in
part, the result of using an overestimated approximation for
the value of the excess surface entropy. We find that for
refractory materials this quantity can be as small as one third
the quantity originally used to conduct the SNT analysis. In
light of this new information, we reexamine SNT within the
context of an increasing amount of experimental refractory
nucleation data in the literature. We also apply the modifica-
tions inherent in ICCT to SNT to determine if these modifi-
cations enhance the ability of SNT to describe experimental
nucleation data. Finally, we address a concern for obtaining
““reliable”” excess surface entropy quantities based on the
choice of the surface tension approximation made in SNT.

Il. REVIEW OF SCALED NUCLEATION THEORY

The motivation for briefly reviewing SNT here is three-
fold. First, we demonstrate a more appropriate method for
obtaining an expression for the SNT supersaturation in order
to apply it to refractory material data. Second, we show how

© 2001 American Institute of Physics
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SNT needs to be modified to eliminate the inconsistencies
addressed in ICCT. Finally, we develop a scaling approxi-
mation more suitable for describing the nucleation of refrac-
tory materials.

A. Basic theory

The CNT expression for the homogeneous nucleation
rate J in its general form can be expressed as

AFCNT
CNT
J=J e exp(— kBT)

Here, Jgrle is the preexponential rate term, AF CNT js the
expression for the free energy associated with the formation
of a liquid cluster from a supersaturated vapor, kg is the
Boltzmann constant, and T is the temperature.

The preexponential rate term in Eq. (1) can be expressed

]CNT ( 20 )1/2( SPsat)2' (2)
b mmp? kgT

Here, o is the bulk liquid surface tension, m is the molecular
mass, p is the molecular density, S is the supersaturation
ratio, and P, is the saturatlon vapor pressure. Following
Hale,'° an equivalent form for JE pre T (denoted by a superscript
SNT) is developed by introducing critical point properties
(denoted by a subscript ¢) and the inverse thermal wave-

length (denoted by \) into Eq. (2) to yield the following
expression:

(1)

as

2
Jgi‘iT:Jcl(Sﬁ“‘) : @)
where
{0
T=N T N\ o VT, “)
and
4 \183 T\ p,\ 23
et
e

Here, k is Planck’s constant and @ is a grouping of terms
common to nucleation theory given by

o= (36m)3a ©
o p2/3kBT '
The free energy term in Eq. (1) can be expressed as
3
16 1
AFNT= (-——) — | | )
3 8] | (kgTInS)?

Again, following Hale, the critical temperature is introduced
into the free energy expression by approximating the surface
tension with the following linear expression:

o= (T,—T). (8)

Here, o, is a material-specific constant. Thus, by replacing
the bulk surface tension with the approximation in Eq. (8),
the exponential in Eq. (1) becomes
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AFNT (1677)93(T )3 1 o)
kT r (In $)?

Here, ) is a grouping of terms commonly referred to as the
excess surface entropy, which contains bulk liquid informa-
tion specific to the material of interest and is given by

Q=4 (10)
p2/3kB '

Thus, with the information in Egs. (1), (3), (9), and (10), In S
can then be expressed as

Tc 372
lnS=Q3/2BgNT(7—1) , (1
where
167 1/3 JSI:T -172
ﬂgms(T) In "J ) (12)

Equation (11) is equivalent to the supersaturatlon expression
obtained from Hale’s original scaled theory

It is noted that in the original derivation a similarity in
behavior for J ggT was observed for a variety of molecular
fluids. It was also observed to be a relatively weak function
of temperature, which allowed BN in Eq. (12) to be ap-
proximated with a constant value (roughly equal to 0.53) for
experimental nucleation rates of 1 cm =35~ 1. For rates other

than unity, the following approximation was used:

1+ InJ )L 13/2 13
2InJ, J\ T ' (13)

Equation (13) was then compared to experimental nucleation
rate data for a variety of molecular fluids and remarkable
agreement was found. It was emphasized, however, that
this approximate expression was found to be valid only

for moderate experimental temperatures (i.e., when
T,/T—1<1.5)."°

In $~0.530Q%?

B. Internally consistent scaled nucleation theory

As mentioned earlier, ICCT was developed to correct
certain inconsistencies apparent in CNT. The first correction
deals with the fact that CNT fails to satisfy the law of mass
action. Removing that inconsistency results in the introduc-
tion of the term 1/S in the preexponential term of the CNT
rate expression, and is referred to as the Courtney
modification.* The second correction deals with an error in
the expression for the (classical) cluster size distribution
when applied to the limiting case of the monomer. Although
this is more of a bookkeeping inconsistency, it has been ad-
dressed by several authors who have proposed adding the
term 6 [see Eq. (6)] into the exponential form of the free
energy. This is often referred to as the limiting consistency
modification.>® Thus, the resulting form for the ICCT rate
expression can be written as
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e
J=JNT. — (14)
S
which, when expanded as described in the previous section,
gives

Tc 372
InS= 93’2,3},CCT( -1 ) : (15)

where

16 12 JSrI:T T —172
BBCCTE(——;) {1 ( o +(3677)“3Q(———1
(16)

in the SNT supersaturation expression. Here, 8y is similar
to ,BgNT from Eq. (12) and is slightly smaller in value. Thus,
the SNT prediction for In$ based on CNT will be slightly
larger than for ICCT for any given system of interest.

ICCT ,

C. Determining “reliable” values for )

In the past,'® ) has been evaluated by approximating o4
in Eq. (8) with o/(T.—T). Since then, it has been suggested
that a more ‘‘reliable’’ method for evaluating () is to ap-
proximate o, with actual do/dT 1nformat10n extracted from
experimental surface tension data.’* However, others have
raised the issue that by doing this a very different value for
) can be obtained, resulting in a very different SNT predic-
tion for the supersaturation.l“‘l6 Compounding this issue is
the fact that some experimental nucleation data appear to
agree better with the original method while other data appear
to agree better with this more ‘‘reliable’” method. This has
lead to uncertainty in deciding which method is most appro-
priate for comparing SNT to experimental nucleation data. In
this work we have determined that although using do/dT
information from experimental surface tension data may at
first appear to be appealing, it is inconsistent with the as-
sumptions made in the SNT derivation and can, in fact, lead
to substantial errors in the SNT supersaturation prediction.

Consider the plot shown in Fig. 1 of actual surface ten-
sion vs temperature data for liquid bismuth'” (denoted by the
four closed circles). The surface tension decreases in an es-
sentially linear fashion with temperature. If a line is used to
pass through the experimental data and is extrapolated to the
point of zero surface tension, as is shown by line A in Fig. 1,
it will intercept the temperature axis at an extrapolated point
T, which does not equal the actual critical temperature of
blsmuth (denoted by T, in Fig. 1). For most materials this is
observed to be the case since, in general, in a region near the
critical point, surface tension tends to deviate from
linearity.'®

An accurate fit to both the surface tension data and the
actual critical temperature can be achieved by using a
slightly more complex form for the surface tension. For ex-
ample, the data can be fit to a power law expression 31m11ar
(but slightly modified) to that suggested by Guggenheim"®
given by

o=ay(T,—T)" (17)

Here, o3 and u are material-dependent constants that can be
extracted from a linear least-squares fit to In o vs In(T,.—7)
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FIG. 1. Comparison of different approximations for the surface tension of
liquid bismuth. The closed circles represent experimental data points from
Ref. 17. The open circles represent the predicted surface tension values
based on Eq. (18).

information. In the case of bismuth, u is found to be 1.74,
which indicates that a rather large deviation from linearity
exists as the critical point is approached. Surface tension data
are not available for bismuth in the vicinity of the critical
point, however it may be expected to behave in similar fash-
ion to curve B in Fig. 1.

Recall from the SNT derivation that the approximate
form used for the surface tension is that given in Eq. (8). In
this form, the term o, is in effect a two-point slope of the
surface tension evaluated at the critical temperature (where
o=0) and at another available point. If several surface ten-
sion values are available, then in fact o4 is not constant and
changes according to the choice of temperature (and neces-
sarily, surface tension). A single surface tension value and
the critical temperature are used to construct line C in Fig. 1.
Since T#T,, there is a discrepancy in the slope of this
line and the slope of the experimental data. We note that
using a single value of the surface tension in this linear ap-
proximation will cause surface tension values at other tem-
peratures to be slightly higher or lower than what is found in
the actual data.

Finally, consider the recommendation to use actual
do/dT information from experimental surface tension data
as a better value for o4 . The result is a linear approximation
with an accurate experimental slope (denoted by a subscript
exp) passing through the actual critical point, given by

do

o= ——m

7 (r.—T). (18)

exp
A constant, experimentally obtained da/dT value and the
critical temperature are used to construct line D in Fig. 1. As
can be seen, this expression gives an excellent approximation
to the slope of the surface tension; however, it results in a far
worse estimate for the actual surface tension of bismuth at

!
|
1
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FIG. 2. Comparison of the predicted theoretical supersaturations for bismuth
nucleation based on different approximations for the liquid surface tension
in SNT. The similarity between Eqs. (19) and (23) indicates that Eq. (21) is
an inappropriate method for use with SNT.

any given temperature. We note here that although using Eq.
(18) results in a larger calculated surface tension value in the
case of liquid bismuth, it may result in a smaller calculated
value for other materials where 75" is found to be greater
than 7, .

Although surface tension values obtained using Eq. (18)
can be substantially different than actual experimental data,
it is possible that an accurate SNT supersaturation prediction
depends on the use of a better estimate of do/dT and not
necessarily o. In order to test this hypothesis we compare the
SNT prediction for bismuth nucleation based on the two dif-
ferent ‘‘linear’” methods for obtaining o4 [using Egs. (8) and
(18)] to the prediction based on the power law approximation
in Eq. (17), as it is anticipated that this should give a better
overall supersaturation prediction.

Rewriting the SNT predictions found in Egs. (11) and
(15) here to distinguish approximating o4 with o/(T,—T)
gives

T R
1ns=Q§’230(—T€—1) , (19)
where
g
Q= (20)

(T,—T)p* kg

The predicted SNT supersaturation (CNT model only) as a
function of temperature for bismuth nucleation based on Eq.
(19) (represented by the thin solid curve) is shown in Fig. 2.
The value used for ), is taken at the midpoint of the tem-
perature range.

Likewise, rewriting Egs. (11} and (15) here to distin-
guish approximating o, with an experimental do/dT gives
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T an
1ns=93’230(7c-1) , 21
where
Q,= ~daldT 22)
p2/3kB

The predicted SNT supersaturation based on Eq. (21) (repre-
sented by the thick solid curve) is also shown in Fig. 2.
There is a large discrepancy between {); and (), for bis-
muth, resulting in a significant difference in the SNT predic-
tion. We note that if no curvature were found in the actual
surface tension data, {}; and (1, would give identical values.

In order to determine which supersaturation prediction is
most accurate, we compare them to the power law form in
Eq. (17) as it provides a better overall fit to actual surface
tension data as well as the critical temperature and should
therefore give the most reasonable SNT prediction. Carrying
this form for the surface tension through the SNT derivation,
we find that SNT must be adjusted accordingly to give

(r.-n*
T

32

InS= 93/2,80[ , (23)

where B, remains the same for the CNT model and is altered
for the ICCT model in the following manner:

16m\ 7 [ J5NT
o In _pre
JS

3
(TC—T)")
T

We note that the () found in Eq. (23) is now defined as

ICCT
oCT=

—12
(24)

+ (367r)”3Q(

op .

Q= m. (25)
Figure 2 shows the predicted SNT supersaturation based on
Eq. (23) (represented by the thin dashed curve). As can be
seen, this improved surface tension fit offers only a modest
improvement in predicting the supersaturation over the sim-
pler, linear form used in Hale’s original analysis where o,
was approximated by o/(T.—T). This indicates that the im-
portance in determining an accurate SNT prediction lies in
using an accurate value for the surface tension and not so
much its slope, thus the estimate for {) in Eq. (20) is pre-
ferred over Eq. (22). Although this result has been demon-
strated for a metallic system, a comparison to all classes of
materials should yield similar results.

D. © for liquid metals

Earlier investigators”'® observed that Eq. (20) is identi-
cal in form to the Eotvos relationship?®?! evaluated on a
molecular basis. Since this relationship was found to be suc-
cessful in describing many classes of materials, and since
there were tabulated values available for the Eotvos
constant’ (extrapolated to absolute zero and denoted by
kg o), Hale used these values as estimates for £} in order to

&
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TABLE 1. Values for the molecular excess surface entropy ) for various
liquid metals. Values for the molecular Eotvos constant are also shown here
for comparison. Critical temperatures were obtained from Refs. 26-28. The
terms o and p represent the liquid surface tension and density extrapolated
to 0 K. These extrapolations were made in accordance with Ref. 9 from
linear surface tension and density correlations obtained from Refs. 17 and
26.

Material T. (K) o, (mN/m) po (Um?) ko Q
Li 3482 475.12 4.90E+28 0.74 0.78
Na 2485 227.50 2.65E+28 0.75 0.78
K 2280 133.88 1.40E+28 0.73 0.81
Rb 2017 102.57 1.13E+28 0.73 0.82
Cs 1938 84.81 9.09E+28 0.73 0.77
Mg 3783 719.67 4.46E + 28 1.10 1.32
Ca 4876 470.65 246E+28 0.83 0.95
Mo 17 193 3686.49 6.40E + 28 0.97 0.76
w 20399 3719.40 6.34E+28 0.83 0.73
Fe 10970 2393.90 8.64E+28 0.81 0.78
Ni 11 152 2481.03 9.30E+ 28 0.79 0.75
Pt 10970 2491.76 T.62E+28 0.92 0.99
Cu 7868 1629.55 8.38E+28 0.78 0.85
Ag 6758 1102.00 5.82E+28 0.79 0.89
Au 8683 1752.76 5.84E+28 0.95 0.78
Zn 3275 899.76 6.75E+28 1.20 1.47
Cd 2886 653.19 4.67E+28 1.26 1.50
Hg 1748 546.57 4.28E+ 28 1.85 2.04
Pb 5611 538.00 331E+28 0.67 0.70
Bi 5098 457.33 3.11E+28 0.66 0.61
Tl 4846 536.00 3.55E+28 0.74 0.78
Al 7748 1006.02 5.79E+28 0.63 0.66
Sn 7979 579.84 3.70E+28 0.47 0.51
Sb 5162 408.31 348E+28 0.54 0.60

apply SNT to published experimental data. The values for
kg o were observed to range from 1.5 (for associated species)
to 2.1 (for “‘simpler’” fluids) and using these values resulted
in very good agreement between SNT and nucleation data
for these types of fluids. SNT was subsequently compared to
refractory nucleation data. However, since critical point and
liquid property data were harder to find for the liquid metals,
it was common practice to apply the values of () found for
the simple and associated fluids to metallic species, as
well.!1122223 Thjs typically resulted in poorer agreement be-
tween the theory and refractory experimental data and SNT
was deemed unable to accurately describe refractory nucle-
ation as a whole.

Based on the results of Hale’s earlier work and our
analysis above, we used Hale’s original formalism employ-
ing Eq. (20) to actually evaluate ) for the liquid metals. For
many metals, it is found to be approximately 0.8, which is
consistent with other earlier observations involving these
materials.”*? Values for {) as prescribed by Eq. (20) as well
as values for kg o for various liquid metals are listed in Table
1. Data for o{T) and p(T) were obtained from published lig-
uid density and surface tension data or correlations.!”?¢ For
these calculations, when reliable critical point data were un-
available, values were estimated using boiling point and
atomic radius data as prescribed by Aniya.?®2®

As we have shown in Table I, {} for the liquid metals
can be roughly half (and in some instances a third) that for
the associated liquids, which may indicate that at least part of
the reason why SNT was unable to accurately predict experi-
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mental refractory data was due to the use of a significantly
larger estimated excess surface entropy quantity. If this is
true, then comparing SNT to experimental refractory nucle-
ation data with these more accurate values for €) should re-
sult in better overall agreement. We show this in Sec. III.

lll. COMPARISON WITH EXPERIMENTAL DATA

Experimental devices amenable to metallic and refrac-
tory nucleation studies include the thermal diffusion cloud
chamber (TDCC),% the shock tube chamber (STC),**3! and
the gas evaporation chamber (GEC).**** The TDCC typi-
cally operates at experimental rates of 1 cm *s™!, while the
STC and GEC typically operate at higher rates on the order
of 10" ¢cm™3s™. For the most part, nucleation data from
refractory nucleation investigations using these devices tend
not to agree with conventional nucleation models. An excep-
tion to this observation are data from recent cesium nucle-
ation studies utilizing a TDCC that showed reasonable agree-
ment with CNT at the higher temperatures of the
experiment.:'!4 A comparison of SNT with nucleation rate
data for lithium,23 sodium,35 bismuth,31 lead,31 iron,31
nickel,*® magnesium,22 cesium,** and rnercury37 is reported
below. In this analysis, the SNT supersaturation is scaled by
the term Q7 in order to interpret all of the data on one plot,
as prescribed by Hale.!® Also, the TDCC experimental re-
sults are analyzed separately from the STC and GEC results
since the difference in rate results in slightly different super-
saturation predictions.

A. STC and GEC rate data

It was observed that for GEC and STC data for which
the nucleation rate was estimated to be approximately equal
to 10 cm™*s~! the value of B, was roughly constant over
the temperature range of interest and equal to 0.75 based on
CNT or 0.65 based on ICCT. Using the values for {} ob-
tained above [using Eq. (20) with a value of ¢ and p at the
midpoint of the data] and the (constant) values of 8, found
here, reasonable agreement with SNT is found for several
experimental datasets while poor agreement is found for oth-
ers as can be seen in Fig. 3. It is observed that significant
deviations occur for the lithium, magnesium, and bismuth
data. Recent results for sodium vapor nucleation® using the
GEC suggest to us that the deviation in the lithium data may
be the result of an inappropriate correction factor applied to
the raw data during analysis. We are currently reexamining
our experimental data in order to verify this hypothesis. The
deviation in the magnesium and bismuth data is interesting
since the value of ) obtained for these materials is either
significantly larger, i.e., 1.3 for Mg, or moderately smaller,
i.e., 0.6 for Bi, than that found for most of the other liquid
metals in this analysis, i.e., 0.8 (see Table I). We note that
using a value of 0.8 would result in better agreement with the
SNT supersaturation prediction for both the Mg and the Bi
data. Uncertainties in values of T, do not appear to be able to
account for these discrepancies.
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FIG. 3. Comparison of metallic nucleation data (for J~ 10'° cm ™3 s™!) with
the SNT supersaturation expressions given in Egs. (11) and (15). The values
for B, in this analysis are approximated with a constant and are 0.75 and
0.65 for CNT and ICCT models, respectively. Equations (11) and (15) are
scaled by 03 which varies for each metal. The solid and dashed lines
represent the SNT approximation based on CNT and ICCT models, respec-
tively. Experimental data were obtained from Refs. 22, 23, 31, 35, and 36.
The number of data points shown for lithium and magnesium is reduced for
clarity; however, the general trend and spread in the data are preserved.

B. TDCC critical supersaturation data

It was observed that for TDCC critical supersaturation
data for mercury vapor the value of B, was nearly constant
and equal to 0.49 based on CNT or 0.40 based on ICCT.
However, for TDCC critical supersaturation data for cesium
vapor, B, changed significantly over the temperature range
of the study and needed to be accounted for. Thus, the ex-
pressions for B, in Egs. (12) and (16) were used with actual
experimental data along with Eqs. (11) and (15) for the
scaled supersaturation and Eq. (20) for ) to determine the
SNT predictions for comparison with both the cesium and
mercury data. Figure 4 shows experimental homogeneous
vapor-to-liquid data for In S/Q2*? for both cesium and mer-
cury. Overall agreement is reasonable for cesium with the
SNT prediction based on the CNT model and we see that
SNT predicts a curvature similar to that observed in the
lower temperatures of the cesium nucleation data. The ICCT
model is not shown in Fig. 4 since it tends to underpredict
what is observed in experiment (interestingly, though, the
ICCT curve is parallel to the data). Mercury, on the other
hand, shows poorer agreement with the SNT prediction. It is
interesting to note that the value of () for mercury is approxi-
mately 2.0, which like magnesium, is large compared to
most of the liquid metals (see Table I) and may indicate why
agreement is SO poor.

C. Comment on using larger Q values

We remark here that if we follow previous recommen-
dations and use a value for ) of 2.0 for all nine metallic
species analyzed in this work, we find that SNT greatly over-
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FIG. 4. Comparison of metallic nucleation data (for J~1 ecm™>s™!) with
the scaled supersaturation expression given in Eq. (11). The value for 3,
was calculated directly for cesium using Eq. (12) while a constant of 0.49
was used for comparison with mercury. The solid black and gray curves
represent SNT based on CNT model. Experimental data were obtained from
Refs. 34 and 37.

predicts what is observed in experiment. To demonstrate, we
reanalyze the cesium critical supersaturation data with an
approximated €} of 2.0 and plot the results accordingly in
Fig, 5. Using such a large value for ) (relative to what we
now calculate) results in a downward shift in both the theo-
retical and experimental curves, however the shift in the ex-
perimental curve is much more dramatic. This disparity is
also found when the STC and GEC data are reanalyzed in
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FIG. 5. Comparison of the SNT scaled supersaturation with cesium experi-
mental data based on a value for ) of 0.8 and 2.0, respectively. The larger
() value results in very poor agreement between theory and experiment. The
solid black and gray curves represent the SNT prediction based on the CNT
model. Experimental data were obtained from Ref. 34.
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this manner. Using more realistic values such as the ones
tabulated in Table I results in better overall agreement, how-
ever discrepancies between SNT and some of the datasets
may indicate that other problems exist, such as inappropriate
assumptions in the underlying theory (i.e., capillarity) or,
potentially, incorrect experimental data. It is clear that more
experimental studies need to be carried out in order to prove
(or disprove) these hypotheses.

IV. CONCLUSIONS AND REMARKS

In 1986, Hale published an approximate scaling law
based on a reduced form of the CNT rate expression and
compared it to homogeneous nucleation data for various mo-
lecular liquids with remarkable success. However, later com-
parisons of SNT with a wide range of refractory nucleation
data resulted in generally poor agreement. In this paper we
report that the reason for such poor agreement appears to be,
at least in part, the result of using an overestimated approxi-
mation of the value for the excess surface entropy (i.e., )
for liquid metals. While the value for () is roughly 2.1 for
simple liquids and 1.5 for associated liquids, it is reported
here to be approximately 0.8 for most metallic liquids. This
observation has a significant impact on how well SNT de-
scribes homogeneous nucleation data of refractory vapors,
since the perceived value of ~2.0 typically resulted in poor
agreement. These smaller quantities were calculated by ap-
proximating o4 with o/(T,.—T) since it was determined that
using actual do/dT information is unreliable and inconsis-
tent with the assumptions made in SNT.

As part of our analysis, a version of SNT consistent with
ICCT was derived and compared with existing nucleation
data for refractory materials. Based on the quality of the
experimental data available for the nucleation of refractory
materials, there is no clear advantage yet to choosing either
CNT or ICCT to form the scaled supersaturation expressions
used in SNT. One form of SNT works reasonably well de-
scribing the nucleation of some refractory materials while
the other form works better for others.

Refractory materials, as a class, appear to behave differ-
ently than the simple fluids studied in Hale’s original work
as is evident by their unusually low ) values for many of
these materials and relatively large values for a few of them,
i.e., Hg and Mg. Clearly, the use of bulk liquid properties to
describe a process involving small metallic clusters is prob-
lematic. Even though several of the data sets shown in Figs.
3 and 4 appear to be in reasonable agreement with SNT, it is
clear that there is a serious need for more and better nucle-
ation data for refractory materials.
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