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Determination of the M EAKTS mnsemaRam i ACL nstruments
baseline on DSC traces AR S

DSC - Signal
Units (W/Q)

Baseline Type : Sigmoid
Heat of Reaction : 387.323 (J/g)

Heating rate 8 K/min

o
DEC (g

| Baseline Type : Sigmoid

Heat of Reaction : -71.084 (J/qg)
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baseline on DSC traces e :

S{r B(t))dt

da (S(t) —\B(1)

" tend
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- EEIIEI 30—
‘ T rature (°C)
\

B(t)= (1- a(t)* T a(t)*(artby*t)

Kinetic parameters

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

by the course of the baseline.
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baseline on CL traces T 8984 Understanding oxdatio

CL- Signal
Units (counts/g/s)

CL {counts 51 mg™-1)

Heating rate 0.054 K/min

60 gl 100 120

Temperature (°C)

Application of CL:

The integration of the signal is well defined




Determination of the kinetics AKTS WmseTARAMI i ACL instruments
simplified reaction model AR

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

activation energy

pre-exponential factor rea?ion order
do
LT YOG -\
At RT R
reaction rate reaction progress

E = constant
Simplified model f(a) = (1-a)"
Where n-reaction order is assumed to be 0, 1 or 2
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eP Teechnaolooles "

characteristics
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DSC (W)
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eP Teechnaolooles "

characteristics

A— C— D —8B

DSC (W)
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eP Teechnaolooles "

characteristics

A— C—D—E —8B

DSC (W)
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Temperature (°C)
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characteristics e e e menfetien) 8

DSC (Wig)
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characteristics

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 —| B
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characteristics
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Determination of the kinetic
characteristics
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CL (counts 51 mg*-1)

temperature (°C)
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Determination of the kinetic
characteristics

_ ACL Instruments

2 + 2 + 3 =7

2 + 1

2 + 1 + + 1 1 =7

1 + 1 + 2 + 1 1 1 =7
1 + 1 + 1 + 1 1 1 + 1 =7

3 + 1 =7
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Problem of interpretation nnsEARAMI . ACL Instruments

of an observation SR o i ot o] &

What do you see ?
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Determination of the kinetic AKTS i+ ACL Instruments
parameters by isoconversional methods $388 Lnderstanding oxdation

¢ Decomposition reactions very often proceed through multiple stages
¢ Mechanism of the reactions is generally not known
¢ Description of the reaction rate by simplified models is very poor

Isoconversional methods are based on the so called
Isoconversional principle saying that the reaction rate at constant
reaction progress a is only a function of temperature.

There are 3 main modifications of isoconversional method:
- Differential (Friedman)

- Integral (Flynn-Ozawa-Wall)
- Advanced integral based on non-linear procedure (Vyazovkin)

21



Differential isoconversional
method of Friedman
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Reaction rate (Ln) as a function of 1@/‘% AKTS mnsE™Ram i ACL Instruments

EFP Technolooles L

at different heating rates

Isoconversional differential Friedman analysis. The slopes of the lines drawn
through isoconversional points for certain reaction progress a at different
heating rates enable the determination of the activation energy E
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Reaction rate (Ln) as a function of 1/T AKTS T
at different heating rates $388 Lnderstanding oxdation

Reaction rates (Ln) for a = 0.2 and a =0.9 as a function of the reverse
temperature (1/7) at different heating rates

Slope gives the
activation energy for a
reaction progress
of 0.2

Slope gives the
activation energy for a
reaction progress 0=0.9
of 0.9

0=0.2
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Activation energy E [kJ/mol]
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Determination of the —/\'\[—éAKTS WIISETARAT ACL ntument
dependence Eona S ey e A ##80 Understanding oxida

Activation energy E as a function of the reaction progress a

Ea = 107 kJ/mol
a=0.9

Ea = 103 kJ/mol
a=0.2

02 04 08 08 1
reaction progress o [-]
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Activation energy E [kJ/mol]
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Determination of the —/\,\f-éAKTS WIISETARAT ACL ntument
dependence Eona SR Wi Fimaane s #4¢s Lnderstanding cica

Activation energy E as a function of the reaction progress a

Ea = 107 kJ/mol
a=0.9

Ea = 103 kJ/mol
a=0.2

02 04 06 08 1
reaction progress o [-]
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\/ non-isothermal conditions \/ E R

APPLICATION OF

cacionprogess | NON-JSOTHERMAL CONDITIONS

The use of non-isothermal Qpri'aitions allows
the monitoring in the full range of the process
froma=0toa=1

N time
@ (EEST I RTUEES 24)

20°C < T (non-isothermal temperature) < 300°C and muc@

temperature
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\/ isothermal conditions \/ E el

_ APPLICATION OF
reaction progress | |ISOTHERMAL CONDITIONS

The use of isothermal conditions allow to gain
advanced knowledge on the kinetic description of
the early stage of the decomposition
Drawback at RT:

- time problem & sensitivity problem

0%<a<5% @measuring time) < m@

pV

"N
20°C < T (isothermal temperature) < 100°C

temperature
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Climatic categories i4i: ACL Instruments
Zurich - Dubal & kinetics S

Summarized temperature cycles world wide for climatic categories
Minimal and maximal diurnal meteorological temperatures recorded during one year
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Conclusions ——/\’\[-éA KTS jiii ACL Instruments

The correct description of thermal aging
applying CL measurements requires the knowledge of

(1) the kinetics of the investigated reaction and

(1) the exact temperature profile.

Both these parameters
differently contribute to the reaction progress.
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