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Empirical parameters were chosen for the characterization of peaks (or steps) of ther- 
moanalytical curves. The parameters were applied in studies on the repeatability, the 
relationship between kinetic constants and peak shape, the effect of sample thermal resis- 
tance. Kinetic constants can be estimated on the basis of peak shape parameters. Besides, ap- 
proximate criteria were formulated for experiments allowing kinetic evaluation with the 
neglect of the heat transport within the sample. The empirical parameters were also used in 
checking the suitability of DSC data for purity analysis and in detecting changes of the ther- 
mal decomposition of papers caused by ageing. 

The  possible goals of  thermoanaly t ica l  investigations may be  classified 
into th ree  basic directions:  

a. analysis of  composi t ion  (including identif icat ion of components  and 
quant i ta t ive de terminat ions) ,  

b. es t imat ion  of  physical  or chemical  pa ramete r s  ( t empera tures  and heats  
of  t ransformat ions ,  specif ic  heat ,  thermal  expansion coefficient,  etc.),  and 

c. charac te r iza t ion  of  physical and chemical  t ransformat ions (kinetics 
and mechanism of  react ions) .  
Whichever  the goal  is, the  evaluat ion of  the  measured  thermoanalyt ical  cur- 
ves involves some descr ip t ion  of  curve shape.  The  descr ip t ion  is of ten  
quali tat ive,  in o rde r  to  answer whether  a r eac t ion  is simple or consists of  
several  steps,  whe the r  it is revers ible  or  not ,  etc.  However ,  the demand  for  a 
quant i ta t ive  charac te r iza t ion  is increasing, and there  are impor tan t  cases (as 
kinetics) when it is essential.  

The  analysis of  the shape of  thermoanalyt ica l  curves may be car r ied  out  
e i ther  by model /curve  fitting or calculating character is t ic  quantit ies.  The  
presen t  work is conce rned  with the lat ter  way. 
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A number of authors applied numerical quantities to characterize the 
shape of peaks (or steps) belonging to chemical reactions and to determine 
kinetic parameters. As classical examples, let us mention Kissinger's work 
[1] using a shape index to estimate formal order of reaction, and the shape 
and reaction type indices of Koch [2, 3] applied also in non-isothermal 
kinetics. 

V~rhelyi and Sz6kely found that the three parameters of the usual kinetic 
equation (apparent activation energy, pre-exponential factor and apparent 
order) can be estimated on the basis of the position, width and the degree of 
asymmetry of a peak [4]. 

For several years, a project has been conducted to find different empirb 
cal parameters to describe the shape of non-isothermal thermoanalytical 
curves and to assess their applicability. 

This paper gives an outline of the work done so far. On the one hand, it 
briefly summarizes those results which have been published before [5-8], 
and, on the other hand, it gives an account on some new applications. 

Empiriad parameters of peak shape 

Table 1 lists the empirical parameters applied in the characterization of 
peaks of differential and derivative type thermoanalytical curves (DSC, 
DTA, DTG etc.). The same quantities can be used to evaluate steps of in- 
tegral curves (TG), after numerical derivation. Throughout the discussion to 
follow, constant heating rate is assumed. 

The calculation of the parameters must be preceded by baseline subtrac- 
tion; smoothing of data may also be necessary. These operations may consid- 
erably influence the shape of the peak. 

Some of the parameters are temperatures, transformation rates or 
reacted fractions (conversions) belonging to characteristic points of the 
peak as T(Max), T(a), a(Max), etc. Others, like e.g: Wr, U or R(a) are 
derived from the quantities mentioned before. The third group of 
parameters consist of mathematical moments of the peak and quantities 
derived from them. The equations of the moments given in Table 1 are valid 
if the curve is given by a series of points evenly spread over the temperature 
axis. 

Each parameter listed in Table 1 relates to one of four properties of the 
peak: 

a. position of the peak along the temperature axis: T(Max), T(a), M1R 
b. width: AT(a2, a l )  WT, C2 

Z Tlunmal AnaL, 36, 1990 
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c. asymmetry: a(Max), R(a), R(Max), s 
d. sharpness/flatness of the peak: U, e 

Table I Empirical parameters for the description of peak shape 

/'(Max) 
r(O 

r(i~), r(i2) 

wr = (d=/dT) 

Ar (a2,al) -- r(a2) - r(a~) 

U= ~X(0.8,0.2) 
Wr 
AT(a~0.2) 

R(,,) = AT(O.8,O.2) 

~yJ 
= J 

] 
~. (r~-M~) k.' 

C k =  J ~_.Y.i 

J 
s = C3/C~/2 

e = c~/o~ - 3 

temperature of the peak maximum 
temperature relevant to a particular reacted fraction (a) 
temperature of inflexion points 

the reciprocal of the maximum rate of transformation 

the first relative moment of the peak; y-a signal 
proportional to the rate of transformation 

the k-th relative central moment of the peak 

the skewness of the peak 

the "excess" (flatness) of the peak 

B e y o n d  p a r a m e t e r s ,  e.g., T(Max) ,  genera l ly  used  in the eva lua t ion  of  
t he rmoana ly t i c a l  curves,  t he r e  are  some  which had  been  app l ied  in kinet ic  

ca lcula t ions ,  as r  [4, 9, 10] or  A T  ( a2, a l  ) [4]. Ma thema t i ca l  m o m e n t s  

were  also p r o p o s e d  for  the charac te r iza t ion  of  D T A  curves [11]. 

Repeatabili ty of  thermoanalytical  curves. The effect of noises and  baseline on 
peak  shape. 

Repeatability and reproducibility of characteristic temperature of trans- 
formations, heats of melting and solid-solid phase transitions have been 
thoroughly studied, especially in projects to select suitable substances for in- 
strument calibration [12-19]. 

When conclusions are to be drawn from the progress of transformation 
as a function of time and temperature, the repeatability and reproducibility 
of curve shape is also of interest. 

J. ~ A~.~, 3~ 1990 
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Fig. t DSC curve of a mineral gibbsite in flowing air with a heating rate of 10 deg/min 

The empirical parameters mentioned before are suitable to compare ex- 
perimental curves. As an example, the results of replicate DSC curves of 
mineral gibbsite decomposition are shown in Table 2. The evaluated peak 
reflects two reactions: a part of the gibbsite decomposes to boehmite (see 
the shoulder of the low-temperature side of the peak in Fig. 1), the majority 
transforms to an intermediate alumina [20]. 

AI(OH)3 (gibbsite) = A 1 0 ( O H )  (boehmite) + H 2 0  

2Al(OH)3 (gibbsite) =Z - A1203 + 3H20  

The standard deviations in Table 2 show a good repeatability for several 
parameters. 

Standard deviations and trends of peak shape parameters were also ap- 
plied in studies on the effect of noise level and baseline choice on the shape 
of  smoothed and baseline corrected peaks [6]. The results were taken into 
account when selecting parameters which are repeatable and, at the same 
time, sensitive to meaningful differences. 

.t. /henna/ AnaL, 3~ 1990 
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Table 2 Averages, standard and relative standard deviations of some empirical parameters calculated 
from seven repficate DSC curves of mineral gibbsite 

Parameter  average s.d. r.s.d~ % 

T(max), K 576 1 

T(0.2), K 554.6 0.5 
T(0.8), K 580.7 0.4 

AT ( 0.8, 0.2 ), K 26.2 0.4 2 

Wr, K 34.9 0.6 2 

U 0.75 0.01 1 

R(0.6) 0.729 0.003 0.4 
R(Max) 0.80 0.02 3 

MIR, K 563.3 0.4 

C2.10 -2, K 2 2.56 0.08 0.8 

(73" 10 -3, K 3 -2.76 0.30 11 
C4-10 -5, K 4 2.28 0.20 9 

s -0.67 0.05 7 

r 0.47 0.II 23 

Dependence of peak shape on kinetic constants 

The relationship between the empirical quantities discussed above and 
the constants of the simple formal rate equation 

da/dt =A" exp (- ~-~ �9 (l--a) a (I) 

was studied by means of mathematical modelling [7]. The influence of the 
preexponential coefficient (A), the apparent order of reaction (n) and the 
apparent activation energy (E) on the location, width and asymmetry of a 
peak is well known. The use of peak shape parameters offered a new pos- 
sibility for the quantitative description of this influence. 

The effect of the apparent energy of activation on parameters of peak 
location is demonstrated in Fig. 2 (with fixed heating rate and A); the 
relationship between the width and the preexponential factor is shown in 
Fig. 3. Generally speaking, the position of the peak is sensitive to the activa- 
tion energy and the preexponential factor but only slightly sensitive to the 
formal order. The width depends on all the three kinetic constants. The 
parameters related to asymmetry and sharpness were found to be inde- 
pendent (or nearly independent) o fE  andA; their values are shown in Fig. 4 
as functions of the apparent order. 

i.. ~ o m a l  ,ou#., 3~ looo 
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If the formal order is fixed (or determined from the relationships 
demonstrated in Fig. 4) the two remaining kinetic constants can be es- 
timated using a log A vs .  E diagram. For this purpose, lines of levels of two 
empirical parameters, one related to peak position, the other to peak width, 
should be drawn in the diagram, as shown in Fig. 5. The diagram in the fig- 
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300 10 12 14 16 18 20 22 
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Fig. 2 The effect of the activation ener~  on parameters characterizing peak location. 
A -- 1011 s -1, d T / ~  = 10 deg/mim 1 - T(max) for n -- 2/3 and n -- 1; 2 - M/R for n ---- 1; 
3 - M~R for n = 2/3 

ure belongs to n = 2/3. If a peak with M1R= 551 K and WT=40 K is 
evaluated, the solution, i.e. the values of E and A are given by the intersec- 
tion of the two lines (point R). The procedure is suitable to determine a con- 
fidence internal for the solution, as well. 

Thama/AnaL, 3g 1990 
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The borders of the confidence region are drawn in thick lines in the 
diagram assuming a -+ 2 K uncertainty of WT and -+5 K uncertainty of MXR. 

A 

10 I~ 1012 1014 

A~S -1 

Fig. 3 The  effect of  the pre-exponcntial factor on parameters characterizing peak width. 
E/R = 1.7.104 K, dT/dt -- 10 deg/min. 1 - WT for n = 1; 2 - ;VT for n -- 2/3; 
3 - AT(0.8, 0.2) f o r n  --1; 4 - AT(0.8, 0.2) f o r n  =2/3 

Visibly, the region containing the acceptable solutions is fairly extended 
and not coaxial, which points to the fact that the estimated values of the ap- 
parent activation energy and preexponential factor are not independent. 
This is a consequence of the mathematical nature of the Arrhenius equation, 
which has been found to be a source of the kinetic compensation effect [21- 
251. 

If the formal order is not fixed, the confidence region will be three- 
dimensional in the log A - E - n space. Figure 6 shows the domain defined by 
the same values and uncertainties of M1R and WT (peak location and width) 
as in Fig. 5. The confidence region will be a part of this domain, its position 
and depth will be determined by the estimated value and uncertainty of the 
formal order. 

The longitudinal axis of domains similar to the one in Fig. 6 is nearly 
linear and not parallel with the n axis, which reflects that the estimated for- 
mal order is also correlated to the other two constants (,4 and E) [26-28]. 
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4 The effect o f  the formal order  of  reaction on parameters related to sharpness and 
asymmetry of  the peak. I - R(max); 2 - a(max); 3 - U; 4 - R(0.6) 

The method for the estimation of kinetic constants based on the empirical 
parameters of peak shape was compared to least-squares model fitting. 
Depending on the nature of experimental errors, the latter may be of in- 
ferior efficiency. The discussion of the whole topic was published in Ref. 7. 

The effect of sample thermal resistance on peak shape 

Both diffusion and heat transport play an important role in the reactions 
of solids. In thermoanalytical experiments, thermal resistances occur be- 
tween the heating element and the sample holder, in the wall of the latter, 
between the crucible and the sample and within the sample. One or more of 
these resistances often determine the overall rate of transformation. 

z ~ ,,.n,~, 36, zg,)o 
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Fig. S Estimation of the pro-experimental factor and the activation energy by means of 
intc~.~'ting zones; n = 2/3 
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Fig. 6 The thre~.dimcnsional region defined by 546 K ~ MIR < 556 K and 38 K < WT 
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For a detailed study, the thermal resistance within the sample w a s  
chosen, because it can hardly be intensified (though its influence can be 
diminished by a smaller sample size). The effect was investigated by means 
of a simple mathematical model of a solid1 = solid2 + gas phase boundary 

Gas T (r O) 

T(r o) Gas 

V 

a) b) 

IT 

Fig. 7 The scheme of the system controlled by the chemical reaction and heat conduction 
through the product layer. Sample geometry:, a - spherical or cylindrical; b - layer 

reaction [8]. The rate of the transformation was assumed to be controlled by 
the chemical reaction at the reagent/product interface and the heat conduc- 
tion from the external surface of the sample through the porous product 
layer to the reacting interface. The heat capacity of the sample was 
neglected, the heat required for the reaction was only taken into account. A 
scheme of the model system is shown in Fig. 7. 

For a sphere, the rate of the reaction (in mole/s units) at time t can be ex- 
pressed using the radius of the reacting phase boundary 

dNdt = 4~#A'  exp (-RE----T) (2) 

If the sample is a long, cylindrical rod, the expersion includes the length L: 

(it = 2 ~ r L . A '  e x p  (3) 

Z Thermal Atu~, 36~ 1990 
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where r denotes the radius of the reacting interface (a cylinder) at time t. In 
the case of a planar layer adhering to an inert substrate the rate is 

-~- = s - A '  exp (4) 

where S is the surface area. The linear velocity of the reacting phase bound- 
ary can be obtained from the preceding equations using the actual area of 
the interface, the densityp and the molar mass M of the starting material: 

A ' . M  exp ( - ~  (5) v = ~  

The heat flux to or from the reacting interface is the product of the rate and 
the heat of the reaction: 

dN 
Q, = --~-. ~ (6) 

Being the same for all the three cases, Eqs 2-6 express the chemical control 
of the process. In order to describe the effect of the heat conduction from 
the external surface of the sample to the reacting interface, the difference 
between the temperature of the external surface (T(ro)  or T(xo))  and that of 
the reacting phase boundary (T) should be considered. The heat flux may 
then be formulated for the three-, two- and one-dimensional case 

T ( r o ) -  T 
~,~ = 4 ~  rot (sphere), (7) 

ro -- r 

( ~  = 2~rgt L T ( r~ ) - T 

h~ 
u 

(cylinder), (8) 

-- ~ S T (Xo) - T (layer) (9) 
Xo -- X 

where ,~ denotes the effective thermal conductivity of the product layer. 
Simulated curves can be constructed form the above equations, taking 

into account that the heat effect of the reaction should equal the heat trans- 

J. Thenna/Anat, 34 1900 



1878 POKOL ctal.: DESCRIFrION OF THE SHAPE 

ferred to the reacting phase boundary, i.e., ~v of Eq. 6 is equal to 0~ of Eqs 
7, 8 or 9. T(ro) was regarded to be adequate to the linear temperature pro- 
gram. 

The other assumptions and simplifications of the model, the procedure 
of calculation and the results for the spherical model were discussed in 
detail in [8]. 

A set of curves generated with different thermal conductivities (and fixed 
other parameters) is presented in Fig. 8. Beyond the transformation rate, 
the difference between the temperatures and the reacting interface, i.e. 
temperature lag is also shown. The distorting effect of sample thermal resis- 
tance is clearly visible. For compact non-metallic materials the real range of 
thermal conductivity is below 10 Wm-IK -1, and, in the case of the model, 
the heat conducting layer is porous. On the other hand, the curves of Fig. 8 
correspond to rather large samples (over 200 mg). 

From curves simulated with different thermal conductivities, sample 
sizes, E and A values and heating rates the empirical parameters of peak 
shape were calculated and the maximum temperature lag was also estab- 
lished for each set of input parameters. From these data, the different peak 
shape parameters could be plotted as functions of a chosen input parameter. 
The relationship of the maximum temperature lag and sample size is 
demonstrated in Fig. 9 for different ~ values. 

The effect of thermal conductivity on a parameter assigned to the asym- 
metry of the peak is shown in Fig. 10. R(0.6) can be applied to determine the 
formal order of reaction (see the preceding chapter and Fig. 4) which, in the 
discussed case, equals 2/3. If the effect of sample thermal resistance is 
neglected in the evaluation of kinetics, the distortion of peak shape will 
result in an error of the estimated n. If a maximum acceptable error is 
specified (in Fig. 10, the maximum error is 0.1), the corresponding shift of 
R(0.6) can be established. A minimum of acceptable effective thermal con- 
ductivities can be obtained as shown in the figure provided the other 
parameters arc fixed. If ~t is less than the minimum, the error of the es- 
timated apparent order will exceed the specified limit. 

The relationships between material or experimental parameters and peak 
shape cannot be used in the form of plots like Figs 9 and 10 since, in a real 
series of investigations, several parameters are different in the individual ex- 
periments. For this reason, the results of model calculations were general- 
ized by means of dimension analysis [8]. For the maximum temperature lag 
within the sample 

Y.. ~ Anal., 36~ 1990 
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Fig. 8a-e Calculated curves of the transformation rate ( - - )  and the difference between the 
temperature of the reacting interface and the program temperature ( -  - - )  for a sample 
of 3 mm ini~al radius. 2(WK-*m - ' )  = a - r162 b - 100, c - 20. The other input parameters." 
A '  =4.72.10 mol m2s-1; F/k= 1.67.104 K;/~-- 1/6 deg/s; M=0.1  kg/mol; p =  2000 kg/m~; 
AH= 100 kJ/mol 

Thermal Anal., 36, 1990 
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Fig. &i-f Calculated curves of  the transformation rate ( - )  and the difference between the 
temperature of  the reacting interface and the program temperature ( -  - - )  for a sample 
of  3 mm initial radius. ~(WK-lm-1) ffi d - 5; e - 1; f - 0.2. The other  input parameters: 3 
A '  =4.72.1012 tool m2s-1; F/R= 1.67" 104 K; f l -  1/6 deg/s; M--0 .1  kg/mol; p = 2000 kg/m ; 
AHffi 100 kJ/mol 
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l - const .  ~ (10) 

was obta ined ,  where  H deno tes  the  hea t  of  reac t ion  in unit  sample  volume.  
I f  k inet ic  ca lcu la t ions  a re  ca r r i ed  out  with the  neglect  of  sample  the rma l  

res is tance ,  the p a r a m e t e r s  should  obey  the 

a-1~ 

IO 

8 

o 
0.3 I 10 

r0,ram 

Fig. 9 The effect of sample radius on the maximum t~ml~mturc lag. 2(WK-lm -1) = a - 0.2; 
b - 1; c - 5; d - 20-; e - 100. For the other parameters of simulation see the legend for 
Fig. 8 

- cons t . '  (11) 

cr i te r ion;  the  cons tan t  d e p e n d s  on the  accep t ab l e  e r ro r  limit. Re la t ion  (11) 

m a y  b e  u sed  in the  des ign  of  exper iments .  An  example  for  this was 
p r e s e n t e d  in Ref.  8. 

J. ~ AnaL, 3~ 1990 
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Data cheekln~ prior to purity calculation 

Since the empirical parameters of peak shape are easy to calculate they 
may be suitable for a preliminary checking of experimental data, prior to a 
more sophisticated quantitative evaluation. For this purpose, some simple 
criteria should be established whether the experimental curve is likely obey- 
ing the assumed physico-chemical model or not. 

"~ 0.04 
II 

uS 

0.03 
r r  

t 

0.02 

O.01J- 6n= § 

Ig ~, rain. 
2 

Ig k 

Pig. 10 The effect of thermal conductivity on the shift of R(0.6) for a sample of 3 mm radius. 
For the other parameters see the legend for Fig. 8 

Such an application may be checking DSC melting curves if they are 
suitable for purity analysis on the basis of the van't Hoff  equation. Melting 
curves of a pharmaceutical substance with two different impurity levels are 
shown in Fig. 11. The shape of the peaks is typical for a eutectic system con- 
raining a small amount of one component: the ascending part of the curve 
lasts longer than the descending part and contains a nearly linear region. 
Curves of this type may be suitable for purity analysis. 

The melting peak in Fig. 12 is quite symmetrical. Its shape is determined 
by a process different from melting point depression in a eutectic system 
(the main component and the impurity may, e.g., form a solid solution). 

.I. 7hmnal ~Ou~, 34 1090 
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Ff~ 11 Melting DSC curves of two cimetidin samples; heating rate: 1 deg/min. The impurity 
level determined with chromatography is also given 

Such curves may be found using parameters related to peak asymmetry (see 
T ( m a x ) - T ( 0 , 5 ) ,  R(max) and s in Table 3). Attempts to fit inadequate models 
to experimental data can be avoided in this way. 

The effect of ageing on the thermal decomposition of paper 

Thermal analysis is often appfied to study complex systems or processes 
where a complete interpretation of the changes in thermal behaviour is im- 
possible but it is important to detect trends of those changes. 

Y. Thermal Anal., 3~ 1990 
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Fig. 12 Melting DSC curve of a ketoconazol sample. Heating rate: 1 deg/min 

Table 3 Comparison of the melting curves 

Ketoconazol Cimetidin 
0.11%* 0.97%* 

W/-, K 0.74 1.02 1.92 
r(Max)-r(0.5), K 0.0 0.1 0.3 
R(Max) 0.64 0.71 0.85 
s -0.90 -1.90 -1.79 

*impurity content 

Such a sophisticated problem is paper ageing. On the one hand paper 
consists of a number of components, and the main component, cellulose is 
far from being chemically homogeneous, etc. On the other hand, ageing is an 
extremely complex process involving chemical reactions of cellulose and 
changes in the intramolecular and intermolecular interactions. Predicting 
the permanence (i.e. the resistance to ageing) or attempting to estimate the 
age of a paper requires methods to follow those complex changes. 

An evolved gas analysis method was applied to follow the changes during 
the ageing of experimental and commercial papers [29]. Measurements were 
carried out on a Du Pont 916 Thermal Evolution Analyser detecting organic 
gases by means of a hydrogen flame ionization detector. 

z/'henna/AnaL, 3~ 1990 
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T h e  E G A  curves  shown in Fig. 13 show that  long t ime s torage  resul ts  in a 

shift  o f  the  p e a k  towards  lower  t e m p e r a t u r e s  and  in a wider  range  of  decom-  
posi t ion.  These  changes  can be  quant i ta t ively  descr ibed  by p a r a m e t e r s  of  
p e a k  pos i t i on  and  width. A c c e l e r a t e d  ( thermal )  ageing did not p roduce  the 
s a m e  ef fec t  (see  Table  4), t hough  the  de t e r io ra t ion  of  prac t ica l  p rope r t i e s  

was g r ea t e r  a f ter  120 hours  at  100 ~ than  25 years  of  na tura l  ageing. 

Table 4 Evaluation of EGA curves of an offset printing paper 

T(Max) Mm AT(0.8, 0.2) CzR 
~ ~ ~ ~ 

original 320 314.4 25.9 284 
natural ageing 

10 years 315 308.7 26.3 359 
15 years 305 300.9 33.0 556 
19 years 300 296.0 31.5 614 
25 years 305 297.8 37.6 805 

thermal ageing, 100~ 50% r.h. 
4 h 320 314.7 27.4 452 
8 h 320 312.8 26.5 414 

24 h 320 314.5 26.8 428 
72 h 320 312.8 26.6 417 

120 h 320 313.8 26.0 390 

Table 5 Evaluation of the EGA curves of a gravure printing paper containing mechanical pulp 

T(Max) Mm AT(0.8, 0.2) cm 
~ C ~ C ~ C ~ C 

original 315 312.3 28.8 529 
natural ageing 

5 years 315 307.0 29.4 477 
10 years 315 307.7 33.0 618 
15 years 295 291.2 41.4 771 
20 years 305 295.9 38.3 634 

. 25 years 310 299.3 37.9 618 

T h e  da t a  p r e s e n t e d  above  a re  "lucky" to some extent,  as for  the 
h o m o g e n e o u s  t r e n d  of  changes .  Owing  to the complexi ty  o f  the system, and,  

p e r h a p s  even  more ,  to the changes  in the  sou rce  of  cel lulose and  the tech-  
no logy  (of  the  s ame  p a p e r  qual i ty)  the t r end  is not  always so clear.  An  ex- 
amp le  is shown in Table  5. H e r e ,  some  sor t  o f  a turnlng point  a p p e a r e d  nea r  
15 years  of  age. ( O f  course ,  this does  not  mean  that  the mic roscop ic  t rans-  
f o rma t ions  swi tched backwards . )  However ,  the use of  the empir ica l  

.t. Thonud AnaL, 3~ 1990 
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parameters may, even is this case, help to characterize the overall process 
and to distinguish naturally and thermally aged paper samples. 

EGA sicjnol 

150 200 250 300 350 /400 450 
Temperature ,oC 

Fig. 13 EGA curves of an offset printing paper after natural ageing 

Conclusion 

The shape of peaks (or steps) of non-isothermal thermoanalytical curves 
can be described by empirical parameters, which are easy to calculate and 
do not require the assumption of a particular physical/chemical (e.g. 
kinetic) model. The empirical parameters can be applied to characterize the 
repeatability, reproducibility of curves, to describe the influence of different 
factors and processes (noise, baseline, kinetic constants, heat transfer etc.). 
Kinetic constants can be estimated on the basis of parameters characterizing 
peak position, width, asymmetry and sharpness. The empirical parameters 
are also suitable for a preliminary checking of experimental data prior to 
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calculations based on special models and for detecting minor changes and 
trends among samples of similar composition and structure. 

A possible direction of further studies may be a search for more 
parameters which can contribute to the characterization of complex peaks 
with several maxima. 

The authors express their thanks to Mrs E. T6th for her valuable technical help. 

The permission to reproduce Figs 2-6 and 8-10 from Analytica Chimica Acta and Ther- 
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Zusammenfassung -- Zur  Bcschreibung von Peaks bzw. Stufen thermoanalytischer Kurven 
wurden emperische Parameter crmittelt, die bei der Untersuchung der  Reproduziertbarkeit,  
der  Beziehung zwischen kinetischen Konstanten und Peakform so wie des Einflusses des 
thermisehen Wiederstandes der  Probe angewendet wurden. Kinetische Konstanten kSnnen 
auf der Basis yon Peakformparametern geschitzt werden. Weiterhin wurden Kriterien ffir 
Experimente ermittelt, die eine kinetische Niiherungsl6sung unter Vernachlassigung des 
W~irmetransportes innerhalb der Probe erm6glichen. Die empirischen Parameter wurden 
auBerdem bei tier Untersuchung der Eignung yon DSC-daten zur Reinheitsanalyse angewen- 
det, weiterhin zum Nachweis yon alterungsbedingten .~mderungen der  thermischen Zerzet-  
zung yon Papier. 


