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Analysis of CL tracesAnalysis of CL traces

Is it possible  Is it possible  

with few with few 
chemiluminenscechemiluminensce

experimentsexperiments
(mg(mg--scale)scale)

to describeto describe
the properties ofthe properties of
investigated investigated 
materials undermaterials under……

Any temperature profile ?Any temperature profile ?
Lifetime,Lifetime,……
(mg(mg--scale)scale)



3

Determination of theDetermination of the
baseline on DSC tracesbaseline on DSC traces

DSC DSC -- SignalSignal
UnitsUnits (W/g)(W/g)

HeatingHeating rate 8 K/minrate 8 K/min
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KineticKinetic parametersparameters

22

Determination of theDetermination of the
baseline on DSC tracesbaseline on DSC traces

11

22

BaselineBaseline constructionconstruction

33 33

Application of DSC:Application of DSC:
The integration of heat flow signal is unfortunately influenced The integration of heat flow signal is unfortunately influenced 

by the course of the baseline.by the course of the baseline.

??
??
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Determination of theDetermination of the
baseline on CL tracesbaseline on CL traces

HeatingHeating rate 0.054 K/minrate 0.054 K/min

CLCL-- SignalSignal
UnitsUnits ((countscounts/g/s)/g/s)

Application of CL:Application of CL:
The integration of the signal is well definedThe integration of the signal is well defined



6

Determination of the kineticsDetermination of the kinetics
simplified reaction modelsimplified reaction model

)1( αα
−⎟

⎠
⎞

⎜
⎝
⎛−=

RT
E expA

dt
d

E = constant
Simplified model f(a) = (1-a)n

Where n-reaction order is assumed to be 0, 1 or 2

n

Still commonly used simplification:  
‘ Let‘s assume that the reaction is of n-th order ‘

pre-exponential factor
activation energy

reaction progressreaction rate

reaction order
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Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics

A B
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A C B

Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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A C D B

Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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A C D E B

Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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A C D E F B

Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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A C D E F G B

Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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A C D E F G H B

Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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A C D E F G H I B

Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics



15

A B

A C B

A C D B
A C D E B

A C D E F B
A C D E F G B

A C D E F G H B
A C D E F G H I B

Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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A BA B

A C B

A C D B
A C D E B

A C D E F B
A C D E F G B

A C D E F G H B
A C D E F G H I B

Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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Determination of the kinetic Determination of the kinetic 
characteristicscharacteristics
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Problem of interpretation Problem of interpretation 
of an observationof an observation

WhatWhat
 

do do youyou
 

seesee
 

??
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Determination of the kinetic Determination of the kinetic 
parameters by parameters by isoconversionalisoconversional methodsmethods

ThereThere
 

areare
 

3 3 mainmain
 

modificationsmodifications
 

of of isoconversionalisoconversional
 

methodmethod::
--

 
Differential  (Friedman)Differential  (Friedman)

--
 

Integral (Integral (FlynnFlynn--OzawaOzawa--WallWall))
--

 
AdvancedAdvanced

 
integral integral basedbased

 
on on nonnon--linearlinear

 
procedureprocedure

 
((VyazovkinVyazovkin) ) 

Decomposition reactions very often proceed through multiple stagDecomposition reactions very often proceed through multiple stageses
Mechanism of the reactions is generally not knownMechanism of the reactions is generally not known
Description of the reaction rate by simplified models is very poDescription of the reaction rate by simplified models is very pooror

IsoconversionalIsoconversional methodsmethods areare basedbased on on thethe so so calledcalled 
isoconversionalisoconversional principleprinciple sayingsaying thatthat thethe reactionreaction rate at rate at constantconstant 

reactionreaction progressprogress αα
 

isis onlyonly a a functionfunction of of temperaturetemperature..
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RT
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dt
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Rate of Rate of thethe reactionreaction isis expressedexpressed byby thethe ArrheniusArrhenius equationequation

Differential Differential isoconversionalisoconversional 
method of Friedmanmethod of Friedman

Differential Differential isoconversionalisoconversional methodmethod of Friedmanof Friedman
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Reaction rate (Reaction rate (LnLn) as a function of 1/T ) as a function of 1/T 
at different heating ratesat different heating rates

IsoconversionalIsoconversional differential Friedman analysis. The slopes of the lines drawn differential Friedman analysis. The slopes of the lines drawn 
through through isoconversionalisoconversional points for certain reaction progress points for certain reaction progress αα

 
at different at different 

heatingheating ratesrates enableenable thethe determinationdetermination of of thethe activationactivation energyenergy EE

α=0.2 0.2 

α=0.9 0.9 
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α=0.2 0.2 

α=0.9 0.9 

Reaction rates (Reaction rates (LnLn) for ) for αα
 

= = 0.2 and 0.2 and αα
 

=0.9 as a function of the reverse =0.9 as a function of the reverse 
temperature (1/T) at different heating ratestemperature (1/T) at different heating rates

Slope gives theSlope gives the
activation energy for a activation energy for a 

reaction progress reaction progress 
of 0.2of 0.2

Slope gives theSlope gives the
activation energy for a activation energy for a 

reaction progress reaction progress 
of 0.9of 0.9

Reaction rate (Reaction rate (LnLn) as a function of 1/T ) as a function of 1/T 
at different heating ratesat different heating rates
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Determination of the Determination of the 
dependence E on dependence E on α

Activation energy E as a function of the reaction progress Activation energy E as a function of the reaction progress αα

reaction progress reaction progress α α [[--]]

EEαα
 

= 103 kJ/mol= 103 kJ/mol
αα=0.2=0.2

αα=0.9=0.9
EEαα

 
= 107 kJ/mol= 107 kJ/mol
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Determination of the Determination of the 
dependence E on dependence E on α

Activation energy E as a function of the reaction progress Activation energy E as a function of the reaction progress αα

reaction progress reaction progress α α [[--]]

EEαα
 

= 103 kJ/mol= 103 kJ/mol
αα=0.2=0.2

αα=0.9=0.9
EEαα

 
= 107 kJ/mol= 107 kJ/mol
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Application of CL &Application of CL &
nonnon--isothermal conditionsisothermal conditions

reaction progress

temperature

time

predictions

??

APPLICATION OFAPPLICATION OF
NONNON--ISOTHERMAL CONDITIONSISOTHERMAL CONDITIONS0 % < 0 % < αα

 

< 100 %< 100 %

The use of nonThe use of non--isothermal conditions allows isothermal conditions allows 
the monitoring in the full range of the process the monitoring in the full range of the process 

from from αα
 

= 0 to = 0 to αα
 

= 1 = 1 

2020°°C < T (nonC < T (non--isothermal temperature) < 300isothermal temperature) < 300°°C and much moreC and much more

0 < t (measuring time) < 24 h0 < t (measuring time) < 24 h

experiments
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Application of CL &Application of CL &
isothermal conditionsisothermal conditions

reaction progress

temperature

time

predictions??experiments

The use of isothermal conditions allow to gain The use of isothermal conditions allow to gain 
advanced knowledge on the kinetic description of advanced knowledge on the kinetic description of 

the early stage of the decompositionthe early stage of the decomposition
Drawback at RT: Drawback at RT: 

-- time problem & sensitivity problem time problem & sensitivity problem 

APPLICATION OF APPLICATION OF 
ISOTHERMAL CONDITIONS ISOTHERMAL CONDITIONS 

0 % < 0 % < αα

 

< 5 %< 5 %

2020°°C < T (isothermal temperature) < 100C < T (isothermal temperature) < 100°°CC

0 < t (measuring time) < months0 < t (measuring time) < months
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climatic categoriesclimatic categories
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Climatic categoriesClimatic categories
Zurich Zurich –– Dubai & kineticsDubai & kinetics

Summarized temperature cycles world wide for climatic categoriesSummarized temperature cycles world wide for climatic categories
Minimal and maximal diurnal meteorological temperatures recordedMinimal and maximal diurnal meteorological temperatures recorded

 

during one yearduring one year
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The correct description of thermal aging The correct description of thermal aging 
applying CL measurements requires the knowledge of applying CL measurements requires the knowledge of 

two important parameters two important parameters 

(i) the kinetics of the investigated reaction and (i) the kinetics of the investigated reaction and 
(ii) the exact temperature profile.(ii) the exact temperature profile.

Both these parameters Both these parameters 
differently contribute to the reaction progress.differently contribute to the reaction progress.

ConclusionsConclusions

‘‘Thermal aging through calculations and Thermal aging through calculations and chemiluminescencechemiluminescence’’
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