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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. 

3. Thermal Anal. 6, 1974 



~ , s c  - ~  f ~ c , ~ p  4 7 o  4 n 4 , e ~  ~ z c  

. . . . . . .  2 . . . . . . . . . .  

~ , , + , r , ,  : ~ a t , s ?  c~o  3 3 t , + , i  ~ l o o  
+ ? ~ , + q  ++:, +++c,~ + + l c  + m + , s l  + ~ l c  

1+o~,4: +4- ~+7+I+ +4~ 5~a,++ +~*+ 

: . : :+ ,~+  s + ~ . a ~  +70  =~+,50 itP: 

+ , ? + + ~  + + + , ~ m  +++ 3 c 5 , + ~  t ; + ~  

; . l + : , ; :  2 t 3  5 7 5 + : 3  ?to 2gT,nl l~O 

• ? L n l ' , a  ?42 51{++14 7&~ ~aq+cg 1 2 4 0  

: F 7 5 , J 2  ~ ; "  ? ~ 0 , !  q I :10  2 2 ~ , 5 2  t 3 1 C  
i ? q + , ~  S ~?:p , ~ a ; . ? l  g 2 7  2 5 7 , 7 3  l a : ~  

t : ? + , 4 +  ,,+~ 
t : ~ , 1 0 4  ~4r '  ~ , n ~ n  R417 ~ 4 1 + 0 5  l ~ . £  

~ ; ~ + , + +  a ? ?  ,=+.+~+ c+,+ + : + ~ , r +  : ~ ? :  

; n t T e 3  5 g ~  4 5 5 + ' '  g ~  :~i , 2  1 ~ , 3  

2 L O , t :  ~{Z ~ 2 e , , + i  ~5~ ~:,;:+ 14;Q 

~ 1 4 , ' , ~  45U ~ 5 . 3 q  q53 c , : ~  1~50  

+ 

F i g .  2 .  D T A  d a t a  a n d  c u r v e  o f  p o l y e t h y l e n e  
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Fig .  3. D T A  d a t a  a n d  c u r v e  o r  a m m o n R m l  t l ' d o c y a n a t ¢  
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Then  fol low the ca lcula ted  character is t ics  o f  the the rmal  effect (per iod  o f  t ime 
and  area  are ca lcula ted  up  to the m a x i m u m  of  the peak).  Final ly ,  the differential  
thermal  curve is p r in ted  in bo th  t abu la r  and  d iagramat ic  form.  The table  includes 
all t empera tu re  values measured  at  the co r respond ing  momen t s  o f  time. 

The n u m b e r  o f  poin ts  o f  the exo thermic  peak  p r in ted  in the table  depends  on 
the du ra t ion  o f  the the rmal  effect and  on the chosen discre t iza t ion f requency 
o f  the signal.  The d i ag ram is cons t ruc ted  by  means  o f  points ,  whose number  is 
prese t  by the exper imenter .  These po in ts  are un i fo rmly  selected by  the compu te r  
f rom the da t a  in the table.  In  the presented  examples ,  the d iagrams  are  cons t ruc ted  
f rom 50 points .  

Fig.  2 gives D T A  results  for  the burn ing  o f  polye thylene  in the presence o f  
an oxidiz ing agent  (sample weight  15 mg, rate  o f  heat ing 20 ~ discret iza-  
t ion t ime 10 msec). 

Fig.  3 shows the ox ida t ion  o f  a m m o n i u m  th iocyana te  (sample weight  80 rag, 
rate  o f  hea t ing  20 ~ d iscre t iza t ion  t ime 100 msec). 

As  demons t r a t ed  by  these examples ,  the use o f  compute r s  in the course o f  ther-  
mal  analysis  leads to new da ta  on fast  reac t ions  in the h igh- tempera tu re  range.  
These da ta  m a y  serve as the basis for  co r re spond ing  thermal  and  kinet ic  cal- 
culat ions.  
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RgsuM~ -- On d6crit un syst6me automatique d'analyse thermique pour l'6tude de r6actions 
exothermiques rapides (combustion intense, autoinftammation, transition de l'6tat de non- 
6quilibre ~t celui d'6quilibre, etc . . . .  ). Le syst6me comprend un ensemble de moyens techniques 
pour coupler l'instrument de mesure ~ I'ordinateur et ~ i'appareillage math6matique sp6cial. 

L'utilisation de ce syst~me permet d'obtenir les donn6es n6cessaires aux calculs des effets 
thermiques et chimiques dans le domaine des temp6ratures 6lev6es. 

On prdsente deux exemples du traitement des donn6es de I'ATD. 

ZUSAMMENFASSUNG - -  Ein automatisches Thermoanalyse-System zum Studium schneller 
exothermer Reaktionen (intensives Brennen, Selbstziindung, lJbergang yore Nicht-Gleich- 
gewichtszustand in den Gleichgewichtszustand usw.) wird beschrieben. Das System enthiilt 
eine Reihe technischer Vorrichtungen zur Verbindung des Mel3gergtes mit dem Komputer 
und dem speziellen mathematischen Apparat. 

Die Anwendung dieses Systems erm6glicht die Ermittelung von Daten, welche zu ther- 
mischen und chemischen Berechnungen im Hochtemperatur-Bereich n6tig sind. 

Zwei Beispiele der DTA-Datenverarbeitur.g werden gegeben. 
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Pe3~oMe - -  OrrHcr~iBaeTca aBTOMaTn3~IpOBaHHa~ CnCTeMa TepMn~ecKoro  a H a ~ n 3 a  ~nfl  r t ccne -  
~ o a a H n ~  5~ICTpr~IX 3K3OTepMkIqeCKHX peaxtm~ (I~HTeHCHBHOe r o p e u n e ,  CaMOBOClIJIaMeHeHHe, 
H e p e x o ~  n 3  HepaBHOBeCHOrO COCTOflHHH B p a s n o B e c H o e  ~ Z~p.). CHCTeMa BKJIIOqaeT B ce65I KOM- 
n n e r c  T e x n n ~ e c r n x  Cpe2~CTB CB~3rl aKcnepnMeHra~r~Ho~ yCTaHOBKn C ~ B M  rt c n e t ~ a a ~ , r t o e  Ma-  
TeMaTn*tecKoe 06ec t l eqenHe .  

OTMe~IaeTc~I, HTO HCrlOJIb3OBaliHe C~ICTeMBI nO3BOH~IeT IIOHytlaTb ~aHHsIe,  H e o 6 x o ~ n M ~ i e  ~n~  
FIpOBe~eHH~ TerlHOBISlX H XHMHqecKHx p a c q e T o B  B Bl, ICOgOTeMrtepaTypHO~ o~HaCTH. 

I ' lp raBO~TC~ pe3y~bTaTt ,  i ,  n o H y ~ e n n b i e  c nOMOmBto CHCTeMBI n p a  0 6 p a 6 0 T r e  ~aHr~S~x , ~ T A  

KOHKpeTH/,IX BeI~eCTB. 
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