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/ To say it in another way: \

based on few thermoanalytical experiments carried out
INn high pressure sealed crucibles
with few mg sample,
can one predict the thermal behavior

?
\ of few kg sample ~ /
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a For the illustration of my remarks I

| will use as example
the results of a study of the thermal behavior of

HsC. CHs

AIBN (Azobisisobutyronitrile) >< Nen><ce s,

\ HsC™ 'CH, /

The applied method will be based on
kinetic and heat balance approaches.
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[ Why AIBN? }

L Why KINETICS? }
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[ DSC traces of AIBN recorded by DSC at 2 Kmin }
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[ Why AIBN? }

Because
it decomposes exothermally,
and may be potentially dangerous during storage
Additionally:
() it has a polymorphic transition and melting before
decomposition
(i) and its decomposition is guasi-autocatalytic.

L Why KINETICS? }

Because with small amount of material
one can determine the rate of heat evolution
which can lead to thermal hazard of larger amount of substance.
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/ Based on few heat flow experiments carried out \
with few mg of AIBN,

IS it possible to predict

If 50 kg of AIBN
at surrounding temperature of 45°C
\\ will be stable during a laps period of10 days? /
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[ DSC traces of AIBN recorded by DSC at 2 Kmin }
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[ DSC traces of AIBN recorded by DSC at 2 Kmin }
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[ DSC traces of AIBN recorded by DSC at 2 Kmin }
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[ DSC traces of AIBN recorded by DSC at 2 Kmin }
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[ DSC traces of AIBN recorded by DSC at 2 Kmin }

154
A) |
range of existence :
of low temperature :
(L-T) polymorph :
104 i
= |
= |
. Roduit |
b etal., |
1 |
L TCA :
(2018) i
o) < —|
50 kg i
{at 45°C i
10 days? |
5 | |

4[] 20 G Fild, @l 40 100 110 120 130
Temperature (*C)
© 2018 AKTS AG (15mg, high pressure sealed crucible) 14



e EarsP

[ DSC traces of AIBN recorded by DSC at 2 Kmin }
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Heat Flow Calorimetry (HFC) traces of AIBN recorded at
55, 60, 65 and 70°C with the Thermal Activity Monitor (TAM)
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Heat Flow Calorimetry (HFC) traces of AIBN recorded at
55, 60, 65 and 70°C with the Thermal Activity Monitor (TAM)
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Eamna _____ Cas@)

Heat Flow Calorimetry (HFC) traces of AIBN recorded at
55, 60, 65 and 70°C with the Thermal Activity Monitor (TAM)
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Heat Flow Calorimetry (HFC) traces of AIBN recorded at
55, 60, 65 and 70°C with the Thermal Activity Monitor (TAM)
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Differential isoconversional kinetic analysis

b The kinetic parameters were calculated by the differential )

L Isoconversional kinetic analysis. y

" Activation energy E(a) and {A(a) f(a)} of AIBN decomposition as a B
function of the reaction progress a calculated from

L HFC traces of AIBN recorded at 55, 60, 65 and 70°C. )
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Kinetic parameters and correct heat balance éAKTSi

Having kinetic parameters of the reaction we can predict
the rate of the decomposition of AIBN at any temperature.

Experimental dOm@Ei]n (Sample mass: 30 mg)
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Kinetic parameters and correct heat balance éAKTSi

Having kinetic parameters of the reaction we can predict
the rate of the decomposition of AIBN at any temperature.
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Kinetic parameters and correct heat balance éAKTSi

Having kinetic parameters of the reaction we can predict

ure.

the rate of the decomposition of AIBN at any temperat
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Kinetic parameters and correct heat balance éAKTSi

Having kinetic parameters of the reaction we can predict

the rate of the decomposition of AIBN at any temperature.
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Kinetic parameters and correct heat balance eAKng

Having kinetic parameters of the reaction we can predict
the rate of the decomposition of AIBN at any temperature.
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters of the reaction we can predict
the rate of the decomposition of AIBN at any temperature.
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Kinetic parameters and correct heat balance éAKTSi

The kinetic parameters are
the same for the 1mg,1g or 1kg sample.

- But for scale-up of HFC results,
knowledge of the kinetics is one prerequisite only.
The second one, also very important is
_ the correct heat balance in the system.

Why?

© 2018 AKTS AG
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Kinetic parameters and correct heat balance eAKng

The kinetic parameters are
the same for the 1mg,1g or 1kg sample.
- But for scale-up of HFC results, =
knowledge of the kinetics is one prerequisite only.
The second one, also very important is
_ the correct heat balance in the system. Y,

" Because for samples with larger mass the heat cannot be =
fully exchanged with an environment (as during HFC)
what may result in increase of the temperature of the
N samples and the thermal runaway. )
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Kinetic parameters and correct heat balance éAKTS?

with few

HFC (TAM) experiments
carried out in

mg scale

- > o S
9Tty F(m)
dt ] P u
9 j Heat loss Accurr.wlation Heat evolution
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Kinetic parameters and correct heat balance (#¢ AKTS |

with few

HFC (TAM) experiments
carried out in

mg scale

0.127 W-m-1.K1 -1097.3 J-g*!

1.55J-gt-K?
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.

L 0.8
_n E
E [:].6-_
c 044
o 0- _
o -250
1200
150 =
100 2
-50
- 500 m 0
& 45.06- J
£ 4504
= _
T 4502
E 45_ ' 1 ' 1 ' 1 ' 1 ' I ' 1 ' 1 ' 1
0 20 40 60 80 100 120 140 160
Time (day)

© 2018 AKTS AG 32



Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.

0.3
0.6-
0.4+
0.2-

Feaction progress (-)

300

o D
200 =
- e

B‘“_J 100
0

50 kg

= I I
o= Co o
M | 1 1

Temperature (°C)

= s
N
|

] 20 40 G0 g0 100 120 140 160
Time (day)

© 2018 AKTS AG 37



Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.
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amnan . EarsP

Are 50 kg of AIBN are stable
at surrounding temperature of 45°C
during a laps period of10 days?

ves 77
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Experimental validation with 50 kg AIBN

Experimental validation with a drum containing 50kg AIBN and
exposed at 47°C during 10 days.

\

\aﬁg Experimental Set-up H.1 Test:
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.
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Kinetic parameters and correct heat balance éAKTS?

Having kinetic parameters and heat balance we can predict the rate
of decomposition of AIBN under any, temperature mode and scale.

= 1 -

D 08 0. 50 kg

Uj p

S 06 | At 50°C 50 kog

= 041 600 50 K at 45°C
S (5] | ~3.8 days 9 21 d

@ ] e 500 at 47°C ays
o O

% ~10 days

I

i

L)
I

Py
(validation) \‘_/

a

o
o
o
o
o
o

0 5 10 15 20
Time (day)

w

o

o
1

Temperature (°C

200+

30 100 120 140 160
' Time (day)

© 2018 AKTS AG 44



4 N
It possible to predict the thermal behavior during scale-up

In which
sample mass is increased by one million times.

NS )

/ For substances with polymorphic transition and melting \
before the exothermal event, ultra-sensitive heat flow
measurements (HFC) may be applied.
HFC has a sensitivity with is about 1000 times better than in
DSC and can be applied to collect the heat flow data of this
phase which is stable at ambient temperatures during the

" long-term storage. -

4 - )
But summarizing, for successful scale-up, we need

-Kinetic description of the process
- Correct heat balance )

-
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