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The "Ignition" criteria taken from the theory of combustion are suggested for the 
determination of various kinetic characteristics with the thermophysical parameters 
depending upon the temperature. 

The result of application of the "Ignition" criteria to determine the activation energy 
of magnesite are presented. 

It is shown that on taking into account a linear relationship between the temperature 
and the heat capacity and the heat conductions of magnesite and the reference material 
Eproves to be much lower than the value of activation energy obtained with the assump- 
tion that the thermophysical parameters do not depend on it. 

A close kinetic study of decomposition processes by DTA and DSC methods 
under scanning conditions over a wide range of  temperatures shows that the 
problem can commonly be regarded as a system of  three non-linear differential 
equations of  the following type: 

C m ( r . 0  - + -+ - -  ; ( 1 )  

d-)- = 4~(e) Z exp - ; (2) 

~m(Tm) OTto OTto x=O 
3x x = ~ = Q m ;  ~ x  = 0; 

m = l , 2  

where T is the temperature, e is the degree of  conversion, and Cm and 2 m are the 
heat capacity and heat conduction of  the sample (m = 2) and the reference 
(m = 1), respectively. ~b(a) is the function determining the reaction order, H is 
the calorific effect of  the reaction, Z is the frequency factor, and Q,, is the heat 
flow warming up the cells. A is half  the layer thickness [for substance or solutions] 
in the case of  a plane cell (k = 0) or a radius for spherical (k = 2) or cylindrical 
(k = 1) elements. 

The analytical solution of this problem does not seem possible at present. 
In this connection the search for and application of different methods of  approach 
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simplifying the determination of the main kinetic parameters are a matter of 
great interest. One approach is the mode of introduction of the "Ignition" criteria 
[1 ]. This method has been successfully used in combustion physics. 

According to the criteria the conversion process becomes rro~4'ceable when the 
heat absorption or desorption power is equal to the heat power of external sources 
or sinks. 

With variation of the scanning speed, the activation energy and various complex 
values including thermophysical parameters can be determined from experimental 
data for the temperature T (or time) corresponding to equality of heat flows, 
by the substitution of this value into the equation for heat balance 

d 

E E K = 
Hz ~ [exp ( K ~ i ( x ) ) - e x p ( - ~ K - f o o l l X d x  qs(Ti) ; (3) 

0 

The introduction of the "Ignit ion" criteria has the result that the equation foI 
heat conduction can be solved without taking the conversion process into consid- 
eration. In other words the system of three equations (1) and (2) is reduced to one 
equation, provided that m = 1. 

Thus, the problem is considerably simplified. In particular, if 2 and C do not 
depend on T, the equations for heat conduction and boundary conditions are 
linear and can therefore easily be integrated. 

The symbol qr denotes the heat power absorbed or desorbed referred to the 
volume of the medium during the conversion process. 

The symbols qt and q2 mean the heat powers of all sources per unit of medium 
volume in reference and sample cells, respectively. Thus, the relationship between 
ql, and q2 is expressed as follows: 

q~ -- ql --- q~ 

As far as the usual Differential Thermal Analysis is concerned, it is impossible 
to compare heat flows from external sources and the flow which accompanies 
the conversion process in a separate cell, because as a rule 

qr ~ ql 

But suppose there is a DTA curve corresponding to the temperature of a third 
hypothetical medium warmed up by the differential heat flow q2 - q~. In such 
an interpretation application of the "Ignition" criteria seems to be quite reason- 
able. 

In the DTA apparatus ] qz - qx I - I qr I is always equal to zero, and therefore 
fiT = T1 - T2 is always unequal to zero, as the thermophysical properties of the 
reference and the sample are different. Assuming that 6T = 0, we have i qz - 
- qll  - ] qr ] ~ 0. This means that to maintain the baseline in our introduced 
hypothetical medium a heat energy sink with heat power L q2 - q~[ - [q~ [ 
must be involved in the system. 
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Taking this into account, the equation of the "Ignition" criteria for DTA is: 

exp - - e x p  - = l O - { [ q 2 -  q ~ [ -  Iq~[} (Hz)  - 1 =  

= 1[ qz(Ti) [ - I ql(T/) [1 (H z ) - l ;  (4) 

where ql(Ti)  and q2(T/) are the specific heat powers at the moment when T1 = 
= T2 = Ti. They should be fed into the reference cell and the sample cell, re- 
spectively, so that at thermocouple locations Tl( t )  = T2(t). 

The "Ignit ion" criteria are applied to the analysis of DTA curves for magnesite 
[2] for determination of the activation energy. We have studied two variants. 

1) 2 m and Cm are assumed to be constant. 
2) "~m and (7,, are in linear relationship with T m . 
In the first case Eq. (4) will be as follows: 

H z  = e x p  - - e x p  - ; (5) 

where ~b is the heating rate. 
Calculation of the value E was made in two ways: including To and ignoring it. 
In the first case the equation for E will be as follows" 

K T i l T i 3  / ( ( ~ 3  - t~ l  ) T / I ( T i 2  - Ti3 ) 
E =  ~ _ - - T / u  In] ; (6) 

(~b3 q~2) Ti2(Ti3 Til) 

In the second case: 

KTilT~3 4~3Ti3(Ti~ - To) 
E = ~ Z ~1 In ~b~T~(Ti3 To) ; (7) 

Since the dynamic components of specific heat and heat conduction are usually 
very small, the "ignition" moment T/K may be specified as a temperature value 
at which the DTA resultant curve has a slope twice as high as that of the baseline. 

deg 
After calculation of Eq. (2) for three heating rates ~b 1 = 1.75 ~ ,  q52 = 3.46 

mln 
deg deg 
mi~ and q~a = 5.56 rain we obtained the following values: 

T~I= 6 4 4 . 1 K ;  T~2= 655K;  T~3= 653K at T 0 =  623K. 

kcal 
In accordance with these data, E from Eq. (6) is 86 ~ and E from Eq. (7) 

kcal 
is 77.5 - -  

mole" 
The activation energy calculated with the "Ignition" criteria proves to be in 

excess of 30 %. This was established and illustrated by a number of examples 
[11. 
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Taking into account this permanent correction, we obtain for the average E 
kcal 

approximately 62.8 ~ ,  which correlates well with the data presented in [2]. 

Some difference in the values of energy obtained from various equations can 
deg 

be explained by the fact that in our calculation we had to use the value 3.46 mi-~ 

for the heating rate, which seems to be doubtful [2]. 
In case 2 

~m : )'Om -4" } ~ m ~ ( T -  To) 

C m = Corn -t- C m N ( T -  To) 

The solution of the heat conduction equation for this case is presented in [3]. 
Since in experiment [2] measuring thermocouples were placed in the center of the 
cells, for corresponding temperatures we obtain the two following equations: 

d01 Q1 

- -  = I 1 Q1 ~aN ] ;  (8) 
dF~ (1 + c1~o) ~ -  i o ( i T ~ j  

d-~, = i + c~~o - lO(1 + ,~~09  dFo/ - 10(1 + ~~02)~ / '  (9) 

Here Fo is the Fourier number, and ~ = ao2 - - ,  aol, ao2, ClN, c2,.. )q~, )~2N are tem- 
aol 

perature conduction, and dimensionless variables of specific heats and heat con- 
ductions of the reference and the sample cells, respectively. 

0 i and Qi are dimensionless temperatures in the center and the heat flow den- 
sities on the surface of the reference cell and the sample cell. 

From Eqs (8) and (9) we can easily find the relationship where Q1 and Q2 
may be used so that 01(Fo) - 02(Fo) 

dQ2 10Q2~(1 + 22~0)(1 + C1~0) 1 1  . Q121N 

dO = (1 + C2~0)Q1 " | 3 -  10(1 + 21~0)21 

10(1 + 22~ 0) Q2 ).2~ 
_ _ + . - -  ( 1 0 )  

3 1 + 2 2 ~ 0 "  

As a rule the ceils in the DTA apparatus are small, and therefore the difference 
3 Qm 

between the average specific heat power ~ and the heat power qm in the center 

may be ignored. 
As a result, from Eq. (10) we obtain for the differential heat power 6q in the 

linear approximation: 

5q = ], + f l c k (T -  To) = ? + fl#)bT (11) 
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where ~ and fl are certain given functions of  thermophysical parameters for the 
reference and the sample, H and Z. 

From Eqs (11) and (4), if the data for the three heating rates ~blc (k = 1, 2, 3) 
are available, we have 

:T i lT i3[  (cP~T~3-~I~Til) Til(Ti2-Trj) kcal 
E = K, , T ~  ~ T;1 In (r 3 c~26Ti2 ) T/2(T,z T/~) ~ 66"2mole ; (12) 

kcal 
and, taking into account the correction, we obtain: E = 51 mole 

Thus, with the linear relationship between thermophysical parameters and 
temperature for magnesite, the value of the activation energy provesto be notice- 
ably lower in comparison with that obtained with the assumption that 2 and C 
are constant. 

To summarize the above it may be said that if the "Ignition" criteria are applied 
in Differential Thermal Analyses, then: 

1. In the case of constant thermophysical parameters the analysis of  a three 
non-linear equation system may be replaced by the integration of one linear 
equation, the exact solution of  which is known. This is just one typical situation 
when the "Ignition" criteria may be an express method of evaluating the activation 
energy in a quick and simple way. 

2. In the case when the parameters depend on temperature, the system of three 
non-linear equations, the solution of which is considered to be impossible, re- 
duces to one non-linear equation without a source, the approximate integration 
of which presents no difficulties. 

3. The results do not depend upon such an important characteristic as the 
heat resistance of the instrument, because in the criteria the temperature of "igni- 
t ion" is determined by the curve slope ratio 6T(T), both taking into account the 
conversion pr ocess and without it, but not by the value of the slope itself. 
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R~sura~ -- On propose une mt thode  pour  d t terminer  les caracttrististiques cintt iques des 
ph6nomtnes  d ' ignit ion en faisant appel 5. la th tor ie  de la combust ion et en tenant  compte de 
l ' influence de la t empt ra tu re  sur les param+tres thermophysiques.  

On applique la m6thode h la d t t e rmina t ion  de l ' tnergie  d 'act ivat ion de la magntsi te.  On 
mont re  qu 'en tenant  compte d 'une  relat ion l intaire  entre la chaleur sptcifique et la conducti- 
bilit6 thermique de la magnts i te  et de la substance de r t f t r ence  d 'une  part ,  ainsi que de la 
t emp t r a tu re  d 'aut re  part ,  la valeur de l ' tnergie  d 'act ivation E est beaucoup plus faible que 
celle que l 'on  obt ient  en supposant  que les paramt t res  thermophysiques ne  d tpenden t  pas 
de la t empt ra tu re .  
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Z U S A M M E N F A S S U N G  - -  Die aus der Verbrennungstheorie abgeleiteten ~>Entziindungs<r Kriterien 
werden zur Bestirnnmung verschiedener kinetischer Kennzeichen rnit v o n d e r  Ternperatur 
abhtingenden therrnophysikalischen Pararnetern vorgeschlagen. Die Ergebnisse der Anwen- 
dung der ~>Entztindungsr Kriterien zur Bestirnrnung des Aktivierungsenergiewertes yon 
Magnesit werden vorgeftihrt. 

Den linearen Zusamrnenhang zwischen Wtirmekapazittit und Wtirmeleitftihigkeit, sowie 
die Referenz einerseits und die Ternperatur anderseits in Betracht genommen, wird gezeigt, 
dab E viel niedriger ist als der Aktivierungsenergiewert, erhalten unter der Annahme, dab die 
thermophysikalischen Parameter nicht yon der Temperatur abhtingig shad. 

Pe3rnMe - -  ~J ]~  o g p e ~ e J i e H r ~  p a 3 n H q a l ,  IX KHHeTtFteCKHX xa!0aKTep•cTHK B cny~ae a a B u c a t a n x  OT 
xeMnepaTypbT TellYlo~/43I, IqeCKl, IX r IapaMeTpoB npe~naraeTca /4CIIOJlb3OBaTb ]~p/4Tepr~ <<3a~Kw- 
Fauna>>, 3BHMCTBOBaHHBI~ leI3 TeopI4/4 ropeHi4a .  I~pHBO~ITC~ pe3yJII~TaTbI npnMeHeuK~  ~p/4TepHa 

~ n a  o n p e ~ e n e r m a  3HepFItH aKTHBaLItlH MavHe3HTa. I'IoKa3blBaeTC~l, qTO HpH y ~ T e  nHHe~Hoi~ 3a-  

BHC/4MOCT/r TeFIJIonpoBO~HOCTH /4 TeHJIOeMKOCT/4 M a r H e 3 a T a  I,I 3TaYIolta OT TeMr~epaTypbI 3i-ia- 

.~eH~e E oKa3t~iBaeTc~l 3aMeTHO HrDKe 9Heprn/4  aI~T!4BaI~/4!4, u a ~ e n H o ~  B npe~noJ~o~eHHr~ HeBa- 

HCHMOCTH Tel]JaO~H3HqecKtlX n a p a M e T p o B  OT T.  
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