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Abstract 

This abstract outlines the principles of modelling the kinetics of temperature programmed desorption 

through the simultaneous fitting of multiple peak curves using the Sestak-Berggren equation. This 

mathematical model gives an indication of the solid-state mechanism occurring during the desorption and 

allows kinetic parameters, such as adsorption energy, to be estimated. This methodology is demonstrated 

using in silico data and shows the internal consistency of the Sestak-Berggren modelling, its applicability 

to in silico noisy data and its ability to predict solid-state mechanisms occurring during a reaction. 
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Introduction

Temperature programmed desorption (TPD) is a commonly 

used thermal technique for investigating the strength of 

adsorption sites (Barrie, 2008).  The adsorption energies of 

these sites are however currently rarely quantified from 

TPD data (Niwa, et al., 1995).  These adsorption sites are of 

course important features in the performance of a sorbent or 

catalyst and can be influenced by formulation and chemical 

structure.  Characterizing these sites would offer improved 

understanding and predictive modelling of performance.  

The objective of this investigation is to validate the 

Sestak-Berggren model (Munteanu & Segal, 2010) and 

confirm its ability to predict mechanisms when presented 

with appropriate data.  Experimental data are expected to be 

noisy and this study will investigate the requirements for 

parameter estimation for this using simulated random error.  

Methodology 

It is common for TPD results to feature more than one 

peak, which makes the resolution of these peaks an 

important part of processing the results.  Historically, the 

shapes of these peaks, as well as their overall contribution 

to the extent of reaction would be estimated before 

mechanistic modelling was carried out (Yan, et al., 2018).  

These assumptions can be a source of error.  In the approach 

used in this study, no assumptions are made about the peak 

shapes and contributions, rather, the Sestak Berggren model 

(Eq. (1)) is used to fit the data directly, 
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where 𝛼 is the extent of reaction, A is the pre-

exponential factor, Ea is the desorption energy, R is the 

universal gas constant, Tb is the base temperature of the 

peak, T is the temperature, n and m are exponent parameters 

and Ev is a contribution term. 

This model is a numerical fit and the exponent 

parameters (n and m) indicate which mechanisms could be 

plausible for the system under investigation (Munteanu & 

Segal, 2010).  These are analyzed, and model discrimination 

carried out, allowing the fitting of accurate kinetic 



  

 

parameters, such as adsorption energy.  Additionally, this 

gives information about the rate limiting step occurring 

during the process (Khawam & Flanagan, 2006). 

Data were generated using the relevant model pre-set 

input parameters.  The parameter values were then reverse 

engineered by fitting the model equation to these in silico 

data.  Quality of fit was assessed using the fitted parameter 

confidence intervals.  To assess the impact of “noise” within 

the data, random error of similar magnitude to that typical 

in TPD data was also applied.  This modelling was carried 

out using Athena Visual Studio, (Athena Visual Inc.) using 

a non-linear least squares regression.   

Results 

Multiple Peak Modelling 

Table 1 shows the fitting results for a system with two 

overlapping peaks, with no imposed error.  The estimated 

parameter values match those used in the initial data 

generation, within 95% confidence intervals.  The Sestak-

Berggren modelling can thus adequately describe both 

events and their contributions without the need for prior 

peak discretization. 

 

Table 1: Parameter Estimation Results 

Parameter 
Expected 

Value 

Estimated 

Value 

95% 

Confidence 

Interval 

A1 (hr-1) 3.0 3.0 0.01% 

Ea1 (kJ mol-1) 40.0 39.8 0.06% 

n1 (-) 1.0 0.9 0.06% 

m1 (-) 0.0 0.0 2.74% 

Ev1 (-) 0.6 0.6 0.01% 

A2 (hr-1) 18.0 17.8 0.37% 

Ea2 (kJ mol-1) 150.0 149.8 0.07% 

n2 (-) 0.8 0.8 0.40% 

m2 (-) 0.5 0.5 0.25% 

Ev2 (-) 0.4 0.4 Calculated 

 

It was also found that for a two-peak system, found in 

many TPD curves for zeolites, this modelling requires a 

minimum of five ramp rate experiments to allow the system 

to be sufficiently constrained. 

Predicting Solid-state Mechanisms 

Using known solid-state mechanisms (Avrami-Erofeev 

and 2D interphase controlled), a second in silico data set 

was produced.  The Sestak-Berggren methodology was 

applied, and the parameter estimates for the exponents n and 

m matched expected values given in literature for the above 

mechanisms. 

An example of the “observed” (in silico) results and the 

predicted Sestak-Berggren modelling results are shown for 

a single ramp rate experiment in Figure 1.  This confirms 

that this multi-peak modelling method can be used as 

indicated in literature, to give a solid-state mechanism when 

presented with mechanistically generated data. 

Figure 1: Results for 2K/min Ramp Rate 

Noisy Data 

When random error was applied to the model data, to 

mimic the “noise” in experimental data, additional ramp 

rate experiments were required to allow all parameters to be 

estimated, with the number of additional runs dependent on 

the error magnitude. It was also confirmed that repeat 

experiments result in smaller parameter variance.  

Conclusions 

This study has shown that this multi-peak modelling 

approach is able to predict the mechanism occurring during 

an adsorptive reaction and to extract kinetic parameters 

such as adsorption energy. 

When the technique was applied to an in silico system 

with white noise comparable added, it was found that 

additional ramp rate experiments were required for the 

problem to be suitably constrained. 

Acknowledgements 

Rebecca Gibson has been funded by the funded by the 

EPSRC Centre for Doctoral Training in Formulation 

Engineering at the University of Birmingham (EPSRC grant 

number EP/L015153/1) and Johnson Matthey. 

References  

Barrie, P., 2008. Physical Chemistry Chemical Physics, Volume 

10, pp. 1688-1696. 
Khawam, A. & Flanagan, D., 2006.  J Phys Chem B , Volume 110, 

pp. 17315-17328. 

Munteanu, G. & Segal, E., 2010. Journal of Thermal Analysis and 

Calorimetry, 101(1), pp. 89-95. 

Niwa, M., Katada, N., Sawa, M. & Murakami, Y., 1995. Journal 

of Physical Chemistry, Volume 99, pp. 8812-8816. 

Yan, Q. et al., 2018. Thermochimica Acta, Volume 667, pp. 19-26. 

 

0.0

1.0

2.0

3.0

4.0

0.2 0.7 1.2

S
im

u
la

te
d

 T
C

D
 S

ig
n
al

 (
a.

u
)

Time (hours)
2 K/min Predicted 2 K/min Observed


