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An automated system of thermal analysis is described for the study of fast exo-
thermic reactions (intensive burning, self-inflammation, transition from the non-equi-
librium state to the equilibrium state, etc.). The system includes a complex of technical
means for connecting the measuring instrument with the computer (hardware), and
a special mathematical supply (software).

The use of this system provides data required for thermal and chemical calculations
in the high-temperature range.

Two examples of DTA data-processing are presented.

Thermal analysis methods are often ineffective in studies of fast transformations
such as intense burning, inflammation, flashing, crystallization of glasses, isomeri-
zation, etc., owing to the discrepancy between the dynamical properties of the
applied apparatus and the character of the signal to be recorded.

Thus, the usually-applied oscillographic methods of recording thermal curves
[1] only cover the initial (low-temperature) range of chemical transformations.
That part of the thermal curve which corresponds to maximum rates of reaction
is usually discontinuous, and hence the study of high-temperature decomposition
becomes impossible. The often-applied extrapolation to high temperatures of
physical-chemical parameters obtained under slow decomposition conditions
is by no means always justified [2, 3].

The resolution and accuracy of thermal analysis methods can be substantially
increased by the numerical transformation of the measurement signals, and
their direct input into a computer for recording and processing. In addition to
increased versatility and accuracy, it thereby becomes possible to obtain basically
new data on the character of high-temperature decompositions.

The automated system of thermal analysis dealt with in this paper includes a
complex of thechnical means and a special mathematical supply.

The system is presented diagramatically in Fig. 1. The signals of the temperature
transmitters are introduced into the transformer unit where commutation, ampli-
fication and analogue-digital transformation proceed. The signals, now in the
digital form, are forwarded along the connecting channel and are fed in the
course of the experiment into the operative memory of the computer. The control
signals elaborated by the electronic block are taken up in the processing unit
that sets the required operating conditions of the computer.
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Measured information is introduced according to a special program stored in
the operative memory of the computer. The maximum input speed is 1000 ten-
digit numbers per second. Experimental data introduced into the memory of the
computer are written on magnetic tape after the experiment is finished, or, if
required, are immediately processed by means of a set of special mathematical
programs.
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Fig. 1. Block scheme of the apparatus

The data-processing algorithms ensure print-out of the results, viz. the thermal
curve, in tabular and diagramatic form, and the values of the calculated char-
acteristics of the thermal effect.

These algorithms include:

calibration of the transmitters by polynomials ensuring optimum approach;
scaling of the measurement signals;

smoothing-out of experimental data;

separation and formation of peaks;

discrete integration;

dynamical correction of temperature transmitters;

algorithms of presentation of data.

Processing of the data of one experiment on the Minks-22 computer requires
5—7 minutes of computer time.

In Figs 2 and 3 result of two DTA experiments are presented in the form
obtained directly from the computer. First, experimental conditions are printed.
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Fig. 2. DTA data and curve of polyethylene
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Fig. 3. DTA data and curve of ammonium thiocyanate
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Then follow the calculated characteristics of the thermal effect (period of time
and area are calculated up to the maximum of the peak). Finally, the differential
thermal curve is printed in both tabular and diagramatic form. The table includes
all temperature values measured at the corresponding moments of time.

The number of points of the exothermic peak printed in the table depends on
the duration of the thermal effect and on the chosen discretization frequency
of the signal. The diagram is constructed by means of points, whose number is
preset by the experimenter. These points are uniformly selected by the computer
from the data in the table. In the presented examples, the diagrams are constructed
from 50 points.

Fig. 2 gives DTA results for the burning of polyethylene in the presence of
an oxidizing agent (sample weight 15 mg, rate of heating 20 °C/min, discretiza-
tion time 10 msec).

Fig. 3 shows the oxidation of ammonium thiocyanate (sample weight 80 mg,
rate of heating 20 °C/min, discretization time 100 msec).

As demonstrated by these examples, the use of computers in the course of ther-
mal analysis leads to new data on fast reactions in the high-temperature range.
These data may serve as the basis for corresponding thermal and kinetic cal-
culations.
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REsUME — On décrit un systéme automatique d’analyse thermique pour I’étude de réactions
exothermiqgues rapides (combustion intense, autoinflammation, transition de I’état de non-
équilibre a celui d*équilibre, ete. . . .). Le systéme comprend un ensemble de moyens techniques
pour coupler I'instrument de mesure 4 ’ordinateur et & ’appareillage mathématique spécial.
L’utilisation de ce systéme permet d’obtenir les données nécessaires aux calculs des effets
thermiques et chimiques dans le domaine des températures élevées.
On présente deux exemples du traitement des données de ’ATD.

ZUSAMMENFASSUNG — Ein automatisches Thermoanalyse-System zum Studium schneller
exothermer Reaktionen (intensives Brennen, Selbstziindung, Ubergang vom Nicht-Gleich-
gewichtszustand in den Gleichgewichtszustand usw.) wird beschrieben. Das System enthdlt
eine Reihe technischer Vorrichtungen zur Verbindung des MeBgerdtes mit dem Komputer
und dem speziellen mathematischen Apparat.

Die Anwendung dieses Systems ermdglicht die Ermittelung von Daten, welche zu ther-
mischen und chemischen Berechnungen im Hochtemperatur-Bereich nétig sind.

Zwei Beispiele der DTA-Datenverarbeiturg werden gegeben.

I, Thermal Anal. 6. 1974



482 NIKOLAEYV, et al.: THERMAL STUDY OF FAST REACTIONS

Pesrome — OrmiachIBaeTCs aBTOMATH3MPOBAaHHAS CACTEMA TEPMHYECKOrO aHalm3a sl UCClie-
HOBaHHY OBICTPBIX 3K30TEPMMUYECKAX PEaKUHi (AHTEHCHBHOE IOpEHHEe, CAMOBOCILIAMEHEHME,
Tepexo] u3 HEPABHOBECHOI'O COCTOSHHUA B PABHOBECHOE H Ip.). CucreMa BKIIOUAET B cebs xoM-
WIEKC TEXHWYECKUX CPEJICTB CBHA3M IKCIEPUMEHTAIBHON ycraHoBKH ¢ OBM u cmeumaisHOe Ma-
TeMaTHYeckoe obecnevenme.

OTMeyaeTcsl, YTO MCIOJIB30BAHHE CHCTEMBI MO3BOJIAST NONAYYaTh NAHHBIC, HEOOXOMUMBIE s
IpoBefieHHa TEIUIOBBIX M XMMHYECKHX PAacuieTOB B BHICOKOTEMIEpPATYPHO#U o0acTh.

IIpuBopsTCS PEe3yNbTATHI, MOJYYSHHbIE ¢ HOMOIIBIO CHCTeMBI NpH o6paborke mauwsix JITA
KOHKDPETHEIX BEHICCTB.
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