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2 unusual complex cases2 unusual complex cases –– how to deal withhow to deal with
adiabatic data when traditional methods failadiabatic data when traditional methods fail
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Topics to be discussed

1. Overview of the cases – why are they of interest

2 Something about theory and related problems

3 Phi-factor – what is usually supposed and what we

have in reality

4 Study of energetic materials – is adiabatic

calorimetry the right method?
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Overview
Case # 1 – reaction in the mixture with volatile component

DEWAR:
Sample mass - 500 g;
Sample Cp – 3.47 J/g/K;
Effective =1.16 – 1.17 (calibration);
Flask V – 1070 cm3;
Void V – 419 cm3

Tonset = 23 C

Aim:
Prediction of accident scenario for
industrial reactor (for other value
of  factor and design of ERS
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Overview
Case # 2 – heterogeneous reaction with gas-phase component

Phi-Tec I:
Sample mass – 3.01 g;
Sample Cp – 0.5 J/g/K;
Bomb mass – 10 g;
Bomb Cp – 0.5 J/g/K
=3.23
Bomb V – 10 cm3

Void V – 7 cm3

Tonset = 50 C

Aim:
Prediction of adiabatic scenario
(=1) and design of ERS
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Case # 1 – reaction in the mixture with volatile component
How to interpret pressure
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Case # 1 – reaction in the mixture with volatile component
Kinetics
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  Specific feature:
Use of the combined thermal mode:
• before the onset mixture

temperature is defined by the oven
• after the onset adiabatic mode is

maintained and mixture
temperature is defined by
accumulation of reaction heat
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Case # 1 – reaction in the mixture with volatile component
Kinetics

Param. Units 1 stage Param. Units 2 stage 3 stage

k01 1/s 1.09*109 k0i 1/s 3.26*107 2.4*103

E1 kJ/mol 74.28 Ei kJ/mol 72.24 56.62
n11 - 0.89 ni - 1.66 1.5
n12 - 0.59 - - - -
z 5.77E-03 - - -

Q¥
1 kJ/kg 190.4 Q¥

i kJ/kg 229.9 178.2
G Mol/kg 0 G Mol/kg -0.21 -0.67
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Case # 1 – reaction in the mixture with volatile component
Kinetics

s
v g vo

v

M G( t )dH
P P P P exp( ) RT( t )

RT V
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Case # 1 – reaction in the mixture with volatile component
Kinetics
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Case # 1 – reaction in the mixture with volatile component
Kinetics-based prediction
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Case # 2 – heterogeneous reaction with gas-phase component
Features of data

Temperature ranges:
1st reaction:

• 1st stage – 50  68 C
• 2nd stage – 73  114 C

2nd reaction: 272  290 C
3rd reaction: 311  …. C

Specific feature:
Use of the combined thermal mode:
• Between the end of the 1st stage and the

beginning of the 2nd stage mixture
temperature is defined by the oven

• Otherwise adiabatic mode is maintained
and mixture temperature is defined by
accumulation of reaction heat
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Case # 2 – heterogeneous reaction with gas-phase component
Kinetics (1st reaction)

1 2

1 2

r , r ,

n n1 2
1 01 2 02

2 2

i i i i
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E E

r k (1 ) exp( ); r k exp( )
RT RT

dQ dG
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Case # 2 – heterogeneous reaction with gas-phase component
Kinetics (1st reaction)

Param. Units r1 r2
k0 1/s 5.77*1013 3.02*107

E kJ/mol 112.20 82.37
n - 0.82 0.91
Q kJ/kg 26.8 69.8

Model of heat production Model of gas consumption

Param. Units r1 r2
kg0 1/s 1.81*1014 2.78*106

Eg kJ/mol 115.56 75.0
ng - 0.902 0.655
G mol/kg -0.481 -1.057
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Case # 2 – heterogeneous reaction with gas-phase component
Kinetics-based prediction (phi=1)

Temperature ranges:
2nd reaction: 272  290 C
3rd reaction: 311  …. C

Max temperature reached due to
the 1st reaction 245 C<< 270 C 

 no need in considering side
reactions 2 and 3
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Conclusion

Practical cases are usually quite complex and cannot be
analyzed and processed by simple methods. More elaborated
methods have to be applied and we should have the appropriate
tools to deal with such cases.
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Questions?

Comments?


