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Due to the increasing importance of quantified results of dynamic calorimetric measurements,
the influence of single experimental parameters has been studied by some authors. We found that
these results can be represented correctly only in a complex form. According to this experience,
the experimental parameters were changed on the basis of statistically planned experiments. The
numerous measurements were carried out with samples of indium, 1,3-dinitrobenze and polyethy-
lene prepared in different ways. The results were evaluated in a complex form. The evaluation of
the experimental data revealed a significant influence of the substance properties and the ex-
perimental parameters.

Due to their efficient performance and adaptability, the methods of
dynamic calorimetry (power DSC, heatflux DSC, quantitative DTA) have
proved a success. One of the numerous applications is the investigation of
solid-liquid phase transitions. The results of these measurements are influ-
enced by the experimental parameters and the properties of the investigated
substances. ‘

Some authors [1-9] have studied the influence of only one or two ex-
perimental parameters on the results of dynamic measurements. In our
opinion, such measurements do not adequately consider the multiple effect
of the thermal resistances within the sample and in the contact between the
sample and the sensor. Therefore, we have attempted to record the influence
of the experimental parameters sample mass (m), sensitivity (£) and heating
rate (#) on the solid-liquid transition in a complex manner.

Both the temperatures and shapes of the recorded peaks were investigated.
Measurements were made with a Perkin-Elmer DSC—2 differential scanning
calorimeter, connected to a recorder.

The following substances, prepared in different ways, were investigated;

— indium: chips;
— 1,3-dinitrobenzene: powder, tablet and solid molten mass;
— polyethyiene (M,, = 238,000 g/mol): powder, tablet and foil.
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Special interest was devoted to 1,3-dinitrobenzene as a typical agent of
common samples. Its thermal conductivity is given in [10]:

1,3-dinitrobenezene: — powder: A= 0.06 W/m deg
— tablet: A=0.10 W/m deg
— solid molten mass: A=0.15W/m deg

The recorded peaks were characterized according to {11], as shown in Fig. 1.

(dH/dT),

Fig. 1 Typical DSC peak of a phase transition

To find the relationships Ty m e, = f(m,E,B), we varied the experimental
parameters according fo statistically planned experiments. This was done
separately for each substance and preparation.

The enthalpy changes of the solid-liquid transitions were determined from
the peak areas by means of a planimeter. Such determinations are optimum
only if the peak areas have the shape of an equilateral triangle. This may
be achieved through an appropriate selection of the experimental param-

eters.
T, characterize the shape of the peak, we defined a shape factor y:

y =0.55/3%(T, — T,)/h (1)
where (7, —.T,)represents a length. Shape factor y has the following mean-
ings:

y = 1: the shape of the peak is an equilateral triangle;
y > 1: the shape of the peak is an obtuse-angled triangle;
y < 1: the shape of the peak is an acute-angled triangle.

To interpret the results, we have defined limiting values for the height of
the peak and the shape factor itself:

02<y<50
S0mm <2< 200 mm
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From the multitude of results, we present only some typical examples in
this paper. Detailed results will be given in [12].

We found correlations between the peak temperatures and the experi-
mental parameters, e.g. for 1,3-dinitrobenzene, solid molten mass:

T»=361.7-0.0319*E+0.3685*m+0.420%3+0.011 *E*m
+0.0193*m = —0.02254 *m? —0.0099 * 32 (2)
where T, is given in Kelvin, m in mg, £ in mcal 57!, and § in deg min~!.
The residual standard deviation was sg = 0.18 deg.

Other functions not mentioned are analogous in form. Correlation (2)
confirms our assumption that the influence of the experimental parameters
on the peak temperatures may be exactly described only by complex con-
siderations. The evaluation of single dependences leads necessarily to in-
complete findings.

Figures 2 and 3 show the peak temperatures as functions of the sample
mass and the heating rate for 1,3-dinitrobenzene.
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Fig. 2 Peak temperatures as a function of sample mass (1,3-dinitrobenzene). £ == S mecal/s;
g == 5 deg/min; PV = 40 mm/min.
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Fig. 3 Peak temperatures as a function of heating rate (1,3-dinitrobenzene). E = 5 mcal/s; m = 5 mg;
PV =40 mm/min.

In conclusion, it can be stated that:

— Of the caharacteristic temperatures T,, T,, T, and T, of a DSC peak,
the extrapolated onset temperature T, is the least influenced. This supports
the recommendation [1, 13] that the onset-temperature should feature as
well-defined measuring quantity.

— The small increase in T, with increasing heating rate indicates the
problems of heat transport. This effect is observed most clearly for the
powder sample.

— Obviously, the dependence of T, and T, is attributable to the better
visual perceptibility owing to the higher sample mass (Fig. 2) or the higher
heating rate (Fig. 3). In addition to this effect, problems of heat transport
become apparent with increasing heating rate. The result is that the 7 curves
are shifted strongly to higher values. The sample with the lowest thermal
conductivity (powder) exhibits this behaviour more distinctly than the other
samples.

— The influence of the sample condition on the shape of the peaks is
shown in Fig. 4. These curves confirm the calculations on the basis of the
investigated functional relationships.

J. Thermal Anal. 33, 1988



UTSCHICK ET AL.: SOLID-LIQUID TRANSITIONS 301

Solid molten mass

Tablet

358 360 362 364 366
Temperature,K

Fig. 4 Influence of sample state on the peak shape (1.3-dinitrobenzene). E = 5 mcal/s;m = 5 mg;
B =125 deg/min; PV = 40 mm/min.

— Figure 5 shows the characteristic temperatures found under constant
conditions. Even at the low heating rate of 2.5 deg min~!, the thermal
conductivity of the sample exerts a strong influence on the measured
temperatures, with the exception of the extrapolated onset-temperature.
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Fig.5 Influence of the sample state on the peak temperatures (1,3-dinitrobenzene). £ = 5 mcalfs;
m =5 mg; B = 2.5 deg/min; PV = 40 mm/min.
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— On account of the very good thermal conductivity of indium,
A = 86.0 W m™! deg™! [14], the characteristic temperatures are found
in a small temperature range (Fig. 6). The dependence of these temper-
atures on the heating rate will be registered only at higher heating rates.
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Fig. 6 Peak temperatures as a function of heating rate (indium). £ == § mcal/s; m = 5 mg;
PV =40 mm/min.

— The differences within the melting range of the investigated substances
are shown in Fig. 7. The large melting range of the polyethylene sample
can be clearly seen.

— The discussed differences with respect to the thermal conductivity,
caused by the different natures of the substances and by the modes of
preparation of the samples, also influence the shape factor y, as can be seen
in Fig. 8. When the sample mass, chart speed, sensitivity and heating rate
are kept constant, flatter peaks are obtained for the 1,3-dinitrobenzene
powder than for tablet of the same substance.

— As can be expected with of power-compensation DSC, the enthalpi-
metric result is independent of the experimental parameters if the shape
of the peak is favourable for determination of the area (0.5 <y <2.0).
We found the following values for the enthalpy of fusion:

— indium: AHSL= 2861]/g
— 1,3-dinitrobenzene:  AHSL =1004 J/g
— polyethylene: AHSL =21201/g

The relative error was = 1.2%.
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Fig. 7 Comparison of the peak interval for all investigated samples as a function of heating rate.
E = S mcal/s; m = 5 mg; PV = 40 mm/min.
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Fig. 8 Shape factor y as a function of sensitivity and heating rate (1,3-dinitrobenzene as powder or
tablet). m = 5 mg; PV = 80 mm/min.
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The results of our investigations provide an insight into the complex
character of the considered dependences and their effects on the shapes
of the measured signals. They permit a critical evaluation of values obtained
in a similar way.

Further, it is possible to formulate instructions for the substance-specific
preparation of the sample and to select the best experimental parameters.
Thus, our investigations contribute towards the attainment of reliable and
comparable values.
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Zusammenfassung ~ Die zunehmende Bedeutung quantifizierbarer Ergebnisse von dymamischen ka-
lorimetrischen Messungen veranlasste die Autoren {1—9] zur Untersuchung des Einflusses einzelner
experimenteller Parameter. Nach unseren Erfahrungen koénnen diese Ergebnisse nur in komplexer Form
dargestellt werden. Entsprechend wurden die Versuchsbedingungen nach einem statistischen Plan variiert.
Zahlreiche Messungen wurden mit unterschiedlich priparierten Indium-, 1,3-Dinitrobenzen- und Po-
lyethylen-Proben durchgefithrt und die Ergebnisse in komplexer Form ausgewertet. Dabei zeigte sich ein
signifikanter Einfluss der Probeneigenschaften und der Versuchsbedingungen.

PE3IOME — Hcxona U3 3HaUMMOCTH KOIMUYECTBEHHBIX pe3yibTATOB OMHAMMYECKHX Kalopumerpuue-
CKUX M3MEepeHWUi, PASOM ABTOPOB ObUIO MAYUEHO BIHAHKE NapaMeTpOB OZHOIO 3KCIepHMeHTa. B Ha-
CTOSIILEM COODLUEHHH MOKA34aHO, YTO ITH Pe3Y/IbTaThl MOI'YT GHITH NPEACTAB/IEHEl KOPPEKTHO TOJMLKO
B KOMILIEKCHO# dopme. B ¢BA3M ¢ 3TMM, IKCHEPUMEHTATLHbIE [IAPAMETPhI GbUIH H3MeHEeHBI Ha OCHO-
BaHMM CTATHYECKHX [HArPAMM 3KCIEpUMeHTOB. IIpoBeneHbl MHOTOUHCIIEHHBIE IKCIIEPHUMEHTHI C 06-
pasuaMu uHRMA, 1,3-AMHHTPOBEH30NA M MONMUITIIIEHA, OMYUYEHHBIX Pa3TMuHEIMU crocobamu. Ouenka
pesy/BTATOB, MPOBEJEHHAA B KOMILTeKcHOX (opMe, MoKa3ana 3HAUHTE/IbHOE BIIMAHNE CBOHCTB Bellle-
CTBA H D KCIIEPHMEHTAIBHBIX [1aPaMeTPOB.

J. Thermal Anal. 33, 1988



