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Kinetic analysis of DSC&ARC data: Manual
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The following screen captures and notes present the work-flow of kinetic analysis based on DSC and
ARC traces.
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STEPOL : The procedure requires performing single DSC experiment measured at e.g. 0.5 K/min or 1.0
K/min followed by construction of a baseline. It is recommended to use the Baseline type ‘Tangential
Sigmoid’ as shown below.
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STEPOl1 : 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 ‘Enable for 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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STEPO2 : To perform the kinetic evaluation one has to click on the button ‘Kinetics’ (placed on the right
margin of the plot). Thereafter, by selecting the button ‘Simulation’ (right margin) one gets the comparison
between simulated data (black curves) and DSC experiment (colour curves).
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STEPOS : This approach is based on ‘default’ values of kinetic parameters A and E which means that one
has to check the following:

- if the ‘simulations’ (black curves) fit well the measurements (colour curves) and

- if are the provided values for activation energies are reasonable, i.e. laying in the range of 100-500 kJ/mol).
=> if YES, one can directly continue with the step 5.

STEPO3 : CO7J0—F (& kinetic parameters A & E @ ‘defaultfBCEDWTVET,

1) ‘simulations’(B&HHR) NAIET -5 (BrHR)ER—EULTHD.,
2)SBIETESNISEE IR F —DIEN reasonable THNIE (X (E. 100~500k]/mol %7=9)
1) & 2)N'YES THNILEE step 05 (O TRIEI B ENTIEET T,

88 AKTS-Thermokinetics || D
File Administration View Chart Zoom Maths Window ?
FE 0 FL PP LIEE e P e o Wi« s ez Fig-07
] Independert zones ) - i — ==
o ¥ Reaction progress (Kinetic Resuits) [Fo= = )EEsa) | 1 K/min DSC 1Kmin-1 (Independent zones) S &=
Sl Kinetic Results = o =
E+[F Reaction progress =y Feal - 1,573 067 (i) Las
B+ Reaction rate E |T 49;1 7512Um ;;39 gs g?) A Exop 4
1 Kimin : -1573.067 Jig $4,171.0 and 8,330.0 (s
» [ Differential isoconversional £ s 9 e [as
B[] Activation energy & Peak Height : 3.974 (mAn la
ERLE Onset: 152.791 (°C) /7 564 (3) [25 =
7 Offast - 168,805 (°C) /8 625 (=) 2 %
2 0.4 Baseline Typs - Tangertial Sigmoid g
5 = Fis &
S - 3
5 0.2 - .
5 fos E
2 o lo g
3 : . T T T T T T T T T T T T T
2 100 110 120 130 140 150 160 170 60 B0 100 120 140 160 18O 200
Ternperature ("C) o Ternperature ("C) o
Reaction progress DSC 1Kimin-1 o
g
8 Activation energy (Kinetic Results) o |[ @ |[ 2 | | %® Reaction rate (Kinetic Results) (o=@ ][=]]| =
g
< {1b o 42b o =
z
3 = = 12563 g’
g T 1 Kimin : -1573.067 J =
nE S g tHmincasiis iy
WE 3 ke
28 = o T.AE-44 =
= &
28 £ a 5
24 2 z B
5 =
2 s S 15E-44
0 < 2
183 z o
T T T T T T & T . T T T T T T
i 02 04 08 08 1 100 110 120 130 140 180 160 170
Reaction progress alpha () oF Termperature ("C) oF
Activation energy Reaction rate

admin ) 40978 Ready

© 2014 AKTS AG, Switzerland  Palmetrics,Japan PalMetrics


https://www.akts.com/

dvanced Kinetics and Technology Solutions

STEPO4:

=» if NO, one has to select the option ‘OEA’ (right margin) and change the kinetic constant (in the window
displayed on the left side of the screen) in this way, that the fitting is good and the value of the activation
energy is reasonable (see above). The values of the kinetic constant is generally chosen in the range of
le-4 and 2e-4.
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STEPOS:

If the fit of experimental DSC curve by simulated traces is good, the procedure can be continued

by introducing the results of the ARC experiment which requires: clicking on button ‘Prediction’, choosing
the temperature profile ‘customized’ and selecting the corresponding ARC data.
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STEPO06: Finally the time and temperature columns have to specified as shown below:

STEP06: RAECHET—YDBEINSALRENSLAZEERI B, UTFITRILICL, 2 D
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STEPO7 : In the next steps of analysis only the ‘experimental temperature’ is required so one should
remove the ticks on temperature, reaction progress and reaction rate as shown below.
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STEPO8: To display the whole experiment one has to click on button ‘Reset chart view’ (top of screen).
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STEPOQ9 : To change the curve style and the properties of the ARC data one has to right click on the
curve itself or on its name in the tree view and use the displayed option ‘Properties’. It is recommended to
use the option ‘points’ instead of ‘line’ to in order to present more clearly which data correspond to
simulations or measurements. Generally we recommend using curve style ‘points’ for measured data and
the ‘lines’ for simulations.
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The change of the curve colours can be also done in the option ‘properties’.
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STEP10: One can also move the y-axis (if requested) or block it by clicking on the green tick as shown
below. This is helpful if a zoom is required to find better out the starting point of the adiabatic conditions.
(Remark: All axes can be blocked in this way, by using the scroll of the mouse one can just zoom in or out
in one direction.)
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STEP11: Another option to select the requested area is to use the zoom-function shown below.

STEP11 : AT 3> U THEIDRRMBEIFZIZIRT B(CFUAT . FRRORBIEY I DX~ LEREZEVET,
BOMRAYINIIT TAdm (Calisto) OEAREILGHEEETT . )

%AKTS-Thermok’metlcs [F=ay < |
File Administration View Chart Zoom Maths Window 7
CERLLN ERBS RS FEe b B (D TR Pk BoME]| Fig-21

E:gefi‘f:‘? e $# Customized (Dektakr=-15731Jg#-1) (Predictions) o=
EIld Kinetic Resuts #®
[ Reaction progress
*[ Reaction rate
»[] Differential isoconversional
*[w Activation energy
Ed Predictions
B+ Customized (DeRtaHr=-1571
[ Temperature:
»[| Reaction Progress
*[] Reaction Rste
v o b

Customized (AHr=-1573.1Jg*1)

[& [ = I

Experimental Temperature (°C)
53Uy

PaX|W|  uodIpRId 48 WIO uope|s

T T T T
0 5 10 15

Time (h) o
Customized (DeftaHr=-1573.1Jg"1)

< m D

admin &) 40978 Ready

© 2014 AKTS AG, Switzerland  Palmetrics,Japan PalMetrics


https://www.akts.com/

dvanced Kinetics and Technology Solutions

8 AKTS-Thermokinetics = | S

File Administration View Chart Zoom Maths Window ?

PER LN DB RE|CEeeLE B L x el B MY xmenz| | Fig-22

B_'rgefi(”:n? . & Customized (DeftaHr=-1573.1)g*-1] (Predictions) ===
E:gagce:jz:‘"zmmss L S — (&Hr=-15731J5"1)
+[¥) Reaction rats q
» [ Differertial isaconversionsl 4
w7 Activation energy g
Ed Predictions 2504
B+ Customized (DettaHr=1571
*[] Temperature
»[] Resction Progress
+["| Reaction Rats
» 2] Experimental Temperalure

F g =@

M
5
=
i
sapeupy

1404

Experimental Temperature (*C)

=
5]
I

504

Paxi|  uomdIpeld 4a Y30 uope|nwig

T T T
0 5 10 15
Time (h) o

—_—— @@ Custommized (DeftaHr=-1573.1g"1)
< m v

admin &) 40978 Ready

Fig-22 O3 IREOHETEERI DL Fig-23 OREEE TRIET —IhFRRENET,

STEP12: In the next step one has to click on ‘Mixed’ (right margin) and to select the starting point when
the ARC is switching from the Heat-Wait-Search to adiabatic mode.
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STEP13:

In the following window (below) which appears one has to select the option TMRad (time to

maximum rate under adiabatic conditions). To continue, the values of the heat capacity of the sample and

the phi-factor have to be introduced.
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STEP14 : The AKTS software simulates now the ARC temperature profile based on the previously
determined kinetic parameters and the provided Cp and phi-factor values.
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STEP15: To compare the simulated and experimental ARC data one has to move the calculated
temperature profile by drag and drop and merging both axis by selecting the y-axis and doing a right click
as shown below:
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STEP16: Itis also recommended to change the colour of the simulated curve to follow the rule that all
simulated curves are displayed in black and all experimental curves are displayed in colour. To do it right
click on the name or directly on the curve and select the required colour.
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STEP17: To continue the kinetic analysis based on simultaneous application of DSC and ARC data click
on ‘OEA’.
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STEP18:

The following screen captures shows the combination of DSC, ARC and kinetic curves.

Coloured curves represent the experimental results and the black curves the corresponding simulations.
To continue with the kinetic analysis one has to click on ‘Show right limit’ (left, down) and has to set the
required limit at the point where the runaway takes place.
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STEP19: Before setting it is useful to activate the function ‘Sharp cursor’ which helps in easier selection

of the required point.

(Right click on the plot and select ‘Sharp cursor’).
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STEP20: Finally move the right limit as shown below and deselect option ‘Show right limit’ by clicking on

the corresponding tab.
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As presented below the simulation of the DSC curve fits quite well the experimental results, however, such
a fit is not as good for the ARC data. Improvement of the fit of ARC data can be achieved by modification
of the kinetic constant (window left, bottom). To observe the change of the fit quality after introduction of a
new value it is necessary to click on ‘Refresh’ button.
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This procedure has to be continued as long as a good agreement between simulated and experimental
DSC and ARC curves is reached. When the manual fit optimization is finished it is necessary to click on
‘Run’ button to proceed with automatic optimization of kinetic constant and phi-factor in order to achieve

the best possible fit.
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(Remark: It is also possible to fix only one from two parameters: ‘kinetic constant’ and ‘phi-factor’ by
removing the respective tick (window, left, bottom).
If one from the two parameters is not selected it will not be optimized.
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After finishing of 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.
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DSC & ARC 7—#4h5 TMRad24h Z&H I 3B (CDONT

TMRad 24h extracted by one ARC curve only is typically calculated based on zero-th order kinetic
assumption:

180 ARC BEfRNS TMRad24h zE I 3(CRRIGETIVEL TRIETZ 0 RLAREL CGGHREENTVET

dT/dt=1/phi*dTad*da/dt
dT/dt=1/phi*dTad*A*exp(-E/R/T)
In(dT/dt)=In(1/phi*d Tad*A)-E/R*1/T

Y = intercept + slope * X

Therefore, TMRad 24h prediction based on one ARC experiment contains several simplifying
assumptions as e.g.:

ZTNWXZ 1 8D ARC EE&ZEREE IS TMRad24h OFRIEL KON ORI LENTAREN' HDF T

- only one ARC curve is taken into considerations what is characteristic for so called 'single curve
methods' because only one experimental signal, in this case one T-profile only (the adiabatic one), is
considered.

18D ARC HEERIZVDDBE —HIER TN THIMFIEZE R I DR ENGDE T, BERS 1 BEORERCLBES.
IRDECOBETRERR (MBVEERIR) THHILNEREINTT,

- zero-th order kinetic model assumption (certainly not the case at all if one examines the course of the
DSC traces)

0 XRXOIREFETIWEIREL (BLU DSC HEDEH A EFANELTE, FoEFEFFoGEST0RRD
BHAR(CIERSRWNET TT . )

- phi-factor correction for TMRad 24h prediction strongly depends on the kinetic model and therefore is
incorrect if the wrong zero-th order assumption is introduced.

TMRad24h ORMEIERERD @ WIEFRISETIUSEURIFLTVET . ZNPRICEL 0 RROIRENELEST
ERzNEINE ¢ HIETOEONEHETWSILICRDET,
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Conclusion:

For all above mentioned reasons, the superior procedure should be based on computing kinetic
parameters from one ARC and at least one DSC experiment.

B EICRIEBEBLD. IDBNERFIRR 1 B0 ARC T—5E9<1LES 1 8D DSCAIE
FT—AINBRIGRE RN IA—HE I 15t BT BIREINETT,

Such assumption will help in:
COFIBARTE (C L DHEMT(E

- avoiding zero-th order kinetic assumption which does not describe the DSC traces correctly
- DSC iRz [EUSGEIR T BEN TERW 0 RRDIREZEHT B,

- avoiding wrong phi-factor corrections based on zero-th order kinetics simplified assumption
-0 RLEVWSREIBEENIARTE (CE DHE I AMEMREFHIE (pffilE) ZBET2.,

- avoiding single curve analysis based on one ARC curve only
- 1 1Bl ARC BRI ZEMEE L TH—BIR TR I DBt T D,

- checking the correctness of a given phi-factor by comparing the heat of reaction obtained by both
techniques DSC and ARC. It is obvious that for the same material, the heat of the reaction should be
representative of the chemical reaction under investigation, i.e. they should not be dependent on the
experimental procedure used such as DSC or ARC devices.

- DSC & ARC O 2 DDAIE TSN D RICEVE LEETT BILICLD, ARCAIESRMANSEHIND
BB RERPIEDEEEZRIRI BIENTEET,

B—MEBETHNERIGBEIIRET HEFRIESHU TRIGEIFMTHINETHD, TNSE
DSC > ARC #8580 &SIMEREN S RERFIRCHRTF I 2EDTIIHDEE A,

7 1 —#HRIC ARC T—INSETEINFEEL DSC T —INSESNIHAE LRI DL

DSC h"5B5N5RME > ARC I5BESNBHEE THHIENEZWLSTT
EEURERENERIIERNHIECERT 0N ? ARC 27T AOREL EFREDERIERECER T 0N ?
HAREZ 2 HERBONET

It is obvious that a simulation depicting precisely both DSC and ARC traces is superior to a zeroth order
kinetic analysis applied to one single ARC curve only (which in no way will be able to describe the DSC
curve properly).

DSC & ARC HIfROMIS ZE>TIEMEICS 1L —2a> 2RI B75h 1 ED ARC BERIZIZEAL T 0 RVER
ISETINETBRFELDENTVSIEFBABN T,

Therefore we strongly recommend our method which validates the simulation of the ARC curve using at
least one separate DSC experiment (something easy to perform).

ZNPZ . AKTS (I 1KEE 1Bl ARC T—ALHMERID DSCRIET -4 CAIENBS(CITASRET —Y) %2
55T ARC HHfRD> 21 —23>ZHREE T D AKTS OFITFEZEHERLFT.
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