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Summary

New activity coefficients for ice-forming characteristics of
the pyro-technical mixtures are proposed. For activity-tem-
perature relationship, we propose the following empirical
expression:
g A = B, ‘temperature
B, + temperature
where, A — number of created ice crystal per gram pyrotechni-
cal mixture,
B, — maximum activity of the reagent,
B, — temperature at which the activity has half of its
maximum value.

Therefore, the By, B, and B,/B; coefficients show potential
use in the describing of the activity of ice nucleating reagents.
The above equation is transformed algebraically into other
forms that are more useful for plotting experimental data.
One of the most convenient transformations is

temperature
— =intercept + slope-temperature
log A
intercept
B, and B, may beevaluateas B, = and B, =
slope slope

This method does has a potential application for the quanti-
tative presentation and interpretation of cold chamber ice-
nucleating reagents activity measurements since it permits
rapid, precise, accurate and low-cost analyses.

1. Introduction

The activity of reagents is measured in several type
of cold chambers. Figure 1 shows the traditional

way of presentation of ice-nucleating pyro-techni-
cal mixture activity (Horvat, 1989).

Obviously, it is of interest therefore to explore the
possibilities for using mathematical and statistical
methods for the presentation and interpretation of
the cold chamber ice-nucleating reagents activity
measurements. In addition, this method might
be used to evaluate the activity of ice-nucleating
reagents.

The aim of this paper is to develop a new empiri-
cal and statistically reliable equation to express
the dependence of experimental data of the cold
chamber ice-nucleating reagents activity measure-
ment. We proposed new reagent activity coefficients
B,,B, and B,/B,. It is hoped that this general
approach will find further application in the presen-
tation and interpretation of the reagents activity.

2. Results and Discussion

Experimental data used in this theoretical appro-
ach were obtained at the Hydrometeorological
Institute of Croatia, Zagreb (Horvat, 1989), for
the pyrotechnical mixture R-32, VTG-8 (NIBK,
Vinca, Yugoslavia), MKM-10 (“Poliester”, Priboj,
Yugoslavia) and AJ (“Makpetrol-Temko”, Skopje,
Yugoslavia). The observed experimental pyro-
technical mixture activity were fitted to many log 4
vs temperature equations by a least-squares re-
gression method using the Statgraphics Computer
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Fig. 1. AJ pyro-technical mixture activity. Traditional way
of presentation (Horvat, 1989)
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Program (Statgraphics manual, 1988). We find that
Eq. (1) is a statistically expression to represent the
dependence of experimental data of cold chamber
ice-nucleating reagents activity measurements.

g d = B -temperature (1)
B> + temperature

This equation defines the quantitative relationship

between the ice-nucleating reagent activity and

temperature if both coefficients B; and B, are

known.

The general principles of mathematics are appli-
cable to this relationship. In Fig. 2 we see the
effect of temperature on the reagent activity. At
high temperature (about —3°C to —6°C), the
activity log A is proportional to the temperature.
However, as the temperature is decreased, the
reagent activity falls off and is no longer propor-
tional to the temperature. With further decrease
in temperature, the activity becomes constant and
independent of temperature. We refer to this point
(coefficient B,) as the maximum activity of the
reagent. All ice-nucleating reagents show this point,
but they vary widely (Fig. 3) and there are specific
coefficients for each reagent. B, has the dimension
of numbers of created ice crystal per gram pyro-
technical mixture.

An important numerical relationship emerges
from the Eq. (1) in the special case when log 4 =
B,/2. We then have

A =T e e e e [ = e

log A
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Fig. 2. Effect of temperature on the reagentactivity 4, expres-
sed as a logarithm of number of created ice crystal per gram
pyro-technical mixture; B, — maximum activity of the reagent,
B, — it expresses the temperature at which the activity has
half of its maximum value

14

—
-

-

1

log A
o~
iilllllllIlll]]llll

l]llILillllllllllJ

-
<
b

'
o
G
[

-17 -14 -1 -8

temperature ( °c )

Fig. 3. Temperature - log A curves for three types ice-nucleat-
ing reagents (deviation in B, coefficients)

By  Bi-temperature

> + temperature
If we divide by B;, we obtain
I _ temperature 3)
2 B+ temperature
Rearranging,
B> + temperature = 2-temperature @)

B, = temperature

We may therefore conclude that B, is equal to
the temperature at which the ice-nucleating activity
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Fig. 4. Temperature — log A4 curves for fifth types ice-nucleat-
ing reagents (deviation in B, coefficients)

has half of its maximum value. Obviously, B, has
the dimension of temperature.

Figure 2 shows that B, can be extrapolated
graphically from data on the effect of temperature
on the reagent activity (log A). Note that B, is
not a fixed value, it may vary with the reagent
performance and each reagent has a characteristic
B, coefficient (Fig. 4). B,/B, ratio is also a very
important descriptor of reagent activity properties.
Reagents with relatively large B,/B; ratios are
“reagents with a broad spectrum of action”. Other-
wise, they are “reagents with limited threshold
activity”. In addition, the results from cold chamber
ice-nucleating reagents activity measurements,
obtained by different researchers have different
values, but comparison of B, /B ratio values for the
same reagent come from different cold chambers
should be quite similar. Therefore, B, B, and B,/B,
coefficients can be used in the evaluation of the
activity of ice-nucleating reagents.

3. Application of Equation (1)

Experimental data used in this theoretical approach
were according to Horvat (1989), for the pyro-
technical mixture R-32, VTG-8 (NIBK, Vinca),
MEKM-10 (“Poliester”, Priboj) and AJ (“Makpetrol-
Temko”, Skopje). The results obtained on the appli-
cation o Eq. (1) for B,, B, and B,/B, estimation
are presented in Table 1. We can see, according
to the B, coefficients that pyro-technical mixture
VTG-8 is most active; according to the B, coeffi-

Table 1. By, B, and B,/B, Coefficients Values for some Ice-
Nucleating Reagents Using Eq. (1)

Reagent* B, B, B,/B, r B
Al 1460 —125 —0.0856 0940 48860%*®
R-32 1488 —1.73 —0.1163 0938 3920643

MKM-10 1391 —0.70 —0.0503 0910 986763
VTG-8 1578  —2.51 —0.1591 0.952 54900%48

* Experimental data according to Horvat (1989)

cient, the most active is MKM-10, but the B,/B,
ratio values suggest that the pyro-technical mix-
ture MKM-10 and AJ proved to be more active
than R-32 and VTG-8 in the relatively wide tem-
perature range. This explanation is slightly different
than Horvat’s (1989), but have showed good agree-
ment.

4. Transformation of the Equation (1)

The Eq. (1) can be transformed algebraically and
tested statistically into other forms that are more
useful in plotting experimental data (Bogdanov,
1991), for example Eq. (5) to Eq. (8):

1 _ B, + temperature

log A~ B;-temperature )
log A = intercept + slope _logd (6)
temperature
in Eq. (6): B, = intercept; B, = —slope
= intercept + slope N (7)

log A temperature
in Eq. (7): B, = 1/intercept; B, = slope/intercept

(emperature _ ;. ercept + slope- temperature
log A P ¥ f

(&)

in Eq. (8): B, = 1/slope; B, = intercept/slope.

A statistical evaluation of the above various
graphical methods for determining B; and B,
shows that the Eq. (8) (Fig. 5)is the most satisfactory
and gives the most accurate values of these quanti-
ties over the usual range of temperature and reagent
activity available from experimentation on cold
chamberice-nucleating reagents activity measure-
ment.

This equation has a high r and very small
standard deviation (Table 2).
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Fig. 5. Plot of the temperature/log A versus temperature ac-
cording to Eq. (8). By = 1/slope; B, = intercept/slope

Table 2. B,, B, and B,/B, Coefficients Values for some Ice-
Nucleating Reagents Using Eq. (8)

Reagent*

Al R-32 MKM-10 VTG-8
Slope 0.0702 0.0690 0.0724 0.0653
Intercept  —0.0720 —0.0998 —0.0469 —0.1418
r 0.9986 0.9973 0.9990 0.9960
E 17605248 8050143 16319134 5913148
B, 14.29 14.49 13.82 15.31
B, —1.03 —145 —0.65 —2.17
B,/B, —-0.072 —0.100 —0.047 —0.142

* Experimental data according to Horvat (1989)

Although it might be not inferior to Eq. (1) in
term of B, and B, evaluate quality, it has the
advantage that B, and B, can be easily calculated
from the straight line with a slope of 1/B; and
an intercept of B,/B, and of — B, on the ordinate
and on the abscissa, respectively, without having
any statistical computer package.

In our calculation not all of fifty experimental
data are necessary to be used for B; and B, evaluate.
The results of this study suggested that an analyst
can measure the ice-nucleating reagents activity
of only several temperatures, plot the straight line
and evaluate the B, and B, coefficients. The ques-
tion is, how many experimental data are needed
to generate the equation in order to get reasonably
accurate coefficients values? To answer this ques-
tion, we have performed the following experiment
to determine the size of the subset required.
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Fig. 6. Standard deviation (s) vs subset size (n). Curves 1 and
8 show the results based on Eq. (1) and Eq. (8), respectively

Ten training sets were generate by randomly
selecting n experimental data from the fifty avail-
able full data set. For each training set an equation
was developed by using the Eq. (1) and Eq. (8).
The equations were then used to evaluate B, and
B, coefficients. Comparisons were made against
full set values, and the residual mean square
were calculated as a measure of precision. The pro-
cedure was repeated with n values between 5 and
50.

The results of these experiment can be best
described by plotting the standard deviation (s)
against the size of the subset (Fig. 6).The s value
decreases rapidly as n increases and stabilizes when
n is about 10. Thus, a subset of 10/50 = 209, of
the entire data set was sufficiently large to allow
the generation of a equation of high quality. It is
obvious (Fig. 6) that Eq. (8) is more satisfactory
and gives the more accurate values for B; and
B, coefficients than Eq. (1). In this particular experi-
ment, the mean value of s for n = 10 observations
(0.00283) is almost the same as the standard error
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of fitting the whole data set. When this experiment
was repeated using different training sets, and the
standard deviation was plotted against n, a curve
of a similar shape was obtained. Again the minimum
size of the subset was about 10.

5. Conclusion

B,, B, and B,/B, coefficients from Eq. (1) or Eq. (8)
are suitable for the evaluation of the activity of
ice nucleating reagents. The method does have the
potential for application to the quantitative pre-
sentation and interpretation of cold chamber ice-
nucleating reagents activity measurements since
it permits rapid, precise, accurate and low-cost
analyses.
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