Application notes:

NEW KINETIC APPROACH FOR EVALUATION OF THERMAL HAZARD
INDICATORS BASED ON DSC AND LARGE SCALE TESTS
(DSC&ARC, DSC&Cookoff data)
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The following screen captures and notes present the work-flow of kinetic analysis based on DSC and
ARC traces (or other techniques). LLTFIZ/RT R/ nEEE / — X DSC Hifk& ARC Hifg% E(C
RIGEERENT 2T 27— 7u—&RLET,

(1) The procedure requires performing single DSC experiments measured at e.g. 0.5 K/min or 1
K/min but it is also possible to use DSC runs under isothermal conditions (i.e. OK/min) followed by
construction of a baseline. It is recommended to use the Baseline type ‘Tangential Sigmoid’ for dynamic
curves and ‘Horizontal last point’ for isothermal runs as shown below.
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Fig. 1 : Baseline type ‘horizontal last point’ is recommended for isothermal DSC runs
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(2) To perform a kinetic analysis it is necessary to select required curve by a right click on the name
of the curve in the 'tree view' and activate the option ‘Apply other data types’.

(Remark: The kinetic evaluation based just on one curve is allowed only in the evaluations based on
simultaneous application and combination of DSC and ARC (or other techniques). In the case of kinetic
analysis based on DSC traces only it is necessary to perform several DSC experiments at 0.5, 1, 2, 4
and 8K/min following the 'standard' procedure.
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Fig. 2 : Baseline integration with modified notation
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Fig. 3 : Selecting ‘Apply other data types’ for treatment of DSC and ARC data
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To introduce the results of an ARC or any other experiment it just requires importing the

requested data file under ‘File’, ‘Import ASCII Data...” and selecting the corresponding ARC data.
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Fig. 5 : Importing ASCII data
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Fig. 6 : Selecting requested data file (example: ARC)
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(4) To complete the data import one has to specify the temperature and time columns and the type
of measurements as shown below. In case of an ARC it is required to provide values for heat capacity
(Cp) and phi-factor.
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Fig. 7 : Selecting the right columns for temperature, time and adding values for ‘heat capacity’ and ‘phi-factor’
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(5) To perform the kinetic evaluation one has to click on the button ‘Kinetics’ (placed on the right
margin of the plot) and one gets the plots of DSC, ARC, reaction progress and ‘default values’ for the
kinetic parameters A and E.
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Fig. 8 : Selecting ‘Kinetics’ to perform the kinetic analysis
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Fig. 9 : Kinetic analysis based on default values for kinetic parameters A and E
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(6)
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Before one can calculate the kinetic parameters the left and right limit of the ARC experiment
has to be defined by clicking on ‘OEA’ (right margin). Firstly one selects the starting point when the ‘ARC’
is switching from Heat-Wait-Search (HWS) to adiabatic mode.
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Fig. 10 : Selecting ‘OEA’ for specifying the area of the adiabatic condition
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LF ig. 11 : Starting point (‘left limit’) when ‘ARC’ is switching from Heat-Wait-Search (HWS) to adiabatic mode
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(7) For a better view one should maximize the ARC curve window. Thereafter one can easily move
the left limit to the beginning of the adiabatic mode.

B OMEE % L < 572912 ARC 7 —Z it window DV 1 X & HRICTRE T, £ 934H
AT — RO O LEIRORFNBED I — )V EEH L THZ N TEET,

T

F ~
$# AKTS-Thermokinetics E@g

File Administration View Chat Zoom Maths Window 7

FEE L i FEF LRI EE R EE R L E T IR

JABAELWLE|faas i REI Al |nAaCHENG®EEs|o]|ad-a

EE Independent zones - . .
E» ) 78 °C ASCH A-Solid state o2 | B 78 "CASCI A-Solid state eample-DSC (1. [-oo|[-E1-[wESa] | % 2 ASCH B-Solid state example-ARC-phi11... [ = B[ =¢ |
[H -+ 2 85CI B-Solid state example- o o Maximize
A o — A e GEaEmED || ;
x| ’ S 140 H
148 b 120 H
1 % 100 ,_m)
a @ 50
=
0.5 5 a0 ~ s
40 ~ 4
o °
D oI T T T 20 T T T T T T T T
] ] 10 15 o 1 2 34 5 6 7
Tirne (h) L4 Tirne ik o
| &-Zolid state example-DSC A5CH B-Zolid state example-aRC-phi 11.5
a
Loops Laction progress (Kinetic Results) EI@ % Activation energy (Kinetic Results) EI@
L 100 | |Optimi Undo | |Refrest v v vae
oops imize|| Undo ||Refresh . P o
L1 14 78°C:-1423.373 Jig 110 73 T
[ showLeftlimit | [ Show Rignt Limit | 105 2 F
g 100 =
Kinetic constant 2e-4 mol/] = g5 19 =
0.6 g =
[ Phi 11.5 - = 490 18 &
3 =
) - 0.4 = 8 17z
[]Underlying 0 K fmin w =
heating 0z a0 18 =
rate : 75 15 5
70 14 €
™ UJ| U T T T T T T T T T T —
2 0 5 10 14 0 0.2 0.4 0.6 n.s 1
- Titme {fy L4 Reaction progress alpha ) %
li Refttion Progress Activation ensrgy
4 1 2 o

admin @ 4101  Ready | J

5=t

=

|,, paxy| uopalpald YIO 4@ UONENWIS  [SE0 sapeury | 0InE 59 imiw -

Fig. 12 : Maximizing the ARC plot window for a better view
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Fig. 13 : Heat-Wait-Search (HWS) profile and runaway curve of the ARC
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(8) To move easily the ‘left and right limits’ to the requested point one can do a right click on the
chart and select the option ‘Sharp Cursor’, i.e. the cursor moves now from point to point.
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Fig. 14 : Selecting option ‘Sharp Cursor’ to move the cursor from point to point
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Fig. 15 : Selecting starting point of adiabatic mode ‘Left limit’
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Fig. 16 : Starting point of adiabatic conditions ‘Left limit’
(9) The same has to be done for the right limit (ending of the runaway curve) as shown below.
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Fig. 17 : Defining end of the runaway curve (‘Right limit’)
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(10)

After choosing the end point of the adiabatic runaway curve one can click on the button ‘Show
Right limit’ to ‘deselect’ it again.
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Fig. 18 : Hiding the end point of the runaway curve by clicking on the button ‘Show right limit’
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AT DW= E L, & ICHEEREFRO THRL TWET,
(11)  Before doing simulations it is possible to fix also one of the following parameters: ‘kinetic
constant’, ‘phi-factor’ and ‘Underlying heating rate’ by removing the respective tick (window, left, bottom).

Remark: If e.g. experimental phi is ‘not selected’ the chosen value is fixed and will be not optimized in
the following optimization process.
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Fig. 19 : Option to fix or optimize the parameters ‘kinetic constant’, ‘phi-factor’ and ‘underlying heating rate’
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EAKTs

(12) By selecting the button ‘Simulation’ (right margin) one gets the comparison between simulated
data (black curves) and DSC experiment (coloured curves) based on the selected values for kinetic
constant and experimental phi.
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Fig. 20 : Performing ‘Simulation’ means comparison between simulated and experimental data
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(13)
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This approach is based on ‘default’ values of kinetic parameters A and E which means that one
has to check if the ‘simulations’ (black curves) fit well to the ARC measurement (coloured curve). By
changing the values of the kinetic constant in the range of 1e-4 and 2e-4 and selecting ‘Refresh’ button
one can improve the fitting ‘manually’.
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Fig. 21 : Manual improvement of the fitting by changing values of the ’kinetic constant
(14)  This procedure has to be continued as long as a good agreement between simulated and

experimental ARC curve is reached.
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Fig. 22 : Manual adjustment of the fitting curves by clicking ‘Refresh’
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Fig. 23 : Manual adjustment by changing the values for the ‘kinetic constant’
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In order to achieve the best possible fit one has just to click on ‘Optimize’ using the ‘automatic
optimization process for the kinetic constant and experimental phi (if selected).
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Fig. 24 : Select ‘Optimize’ to start automatic optimization process to achieve the best fitting
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Fig. 25 : Fitting after optimization procedure
(16)  After finishing of the optimization procedure one can begin the TMRad, SADT, etc. calculations.
In these calculations the optimized parameters evaluated in the above described work-flow will be
applied.
(17)
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Fig. 26 : Performing predictions, i.e. calculation of TMRad, SADT, etc...
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