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ChemRheo

The program is used to analyze the influence of temperature and time on the
viscosity of both, reactive and non-reactive materials

The data for evaluation are acquired using measurements from Differential
Scanning Calorimetry (DSC) and rheometric measurements.

Using the kinetic model and its parameters, estimated by means of the program Thermokinetics, in the program
ChemRheo information of DSC measurements are combined with the information of rheologic measurements

In the case of reactive systems, two effects are superposed in rheometric measurements: namely the temperature
dependence of viscosity and its increase with increasing reaction degree. The separation of these two effects can be
managed by investigating the curing/cross linking kinetics by means of Differential Scanning Calorimetry (DSC) and
based on this, describing the increase of viscosity during curing/cross linking.

Main tasks of ChemRheo

— predict the rheological behaviour of the system for new temperat ure program (Viscosity
prediction)

The user should input the temperature program and the software will make a simulation of the system behaviour.

Without ChemRheo software it is necessary to carry out the new measurement for each new temperature program, but

with the software it can be simulate very fast. The following values can be predicted:

The predictions can be done for one or several isothermal measurements, for dynamic measurements like heating, for
isothermal or dynamic segment with daily temperature oscillations and for any sequence from such temperature
segments.

— find temperature program for given system behaviour (Optimization )

It is the typical problem for the production process when the temperature program must be found for optimal time and
optimal quality. The software saves your time and finds temperature program for given viscosity value during the cross-
linking

Stages of analysis

. Measurements The data for kinetic analysis should be presented as two sets of data: DSC data set
and rheometric data set. Both sets must describe the same chemical process. Each sets can contain
dynamic measurements with different heating rates or isothermal measurements with different
temperatures. The DSC data for analysis can be measured by Netzsch instruments or by instruments from
other manufactures. Access to data from different instruments is possible via the general interface ASCII
file.

Il. Kinetic analysis of DSC measurements.  The Model-based kinetic analysis is based on the
assumption about kinetic model of the process, uses powerful mathematics to solve the system of
differential equations and make statistical comparison of used. The Model-based analysis must be done
using Netzsch Thermokinetics software to get the kinetic model of the process.

M. Kinetic analysis of Rheometric measurements Kinetic analysis of rheometric measurements
takes into account two effects:

i. dependence of viscosity on temperature. The higher temperature of the substance the lower
viscosity value of it
ii. increasing the viscosity because of curing/cross-linking with increasing reaction degree.



Netzsch ChemRheo offers 6 different models in order to fit the relation between the degree of conversion and
viscosity:

Pahl-Hesekamp (epoxy resin)

Extended Pahl-Hesekamp (epoxy resin)

Macosko (epoxy resin)

Gel-switch

Exponential gain

Exponential gain with energy change (powder paints)

Effects, taken into account in ChemRheo:

1. Temperature dependence of viscosity of a material without cross-linking
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Fig. Temperature dependence of viscosity of a material
without cross-linking is described by Williams-Landel-
Ferry equation (1)

The temperature dependence of non-reactive materials
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0.2 with a WLF equation.
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2. Glass Transition Temperature versus degree of Reaction
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3. Ranges for temperature dependence
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Fig. Dependence of glass transition temperature on the
reaction degree for the system DGEBA and aniline

The Pahl-Hesekamp models are preferred for curing
reaction of reactive systems as epoxy resins. In these
models the glass transition temperature in dependence on
the reaction degree plays a central role . This dependence
is approximated for the further analysis ba equation (2)
[J.P. Pascault, R.J. Williams: J. Polym. Sci. Part B
28(1990) 85].

For temperatures below Tg or at the temperatures higher
then (Tg+100) an Arrhenius approach is applied

The temperature dependence of non-reactive materials
above the glass transition temperature Tg is described
with a WLF equation.

The arising parameters E and Ig A result from the demand
for a steady transition from the first derivation of the WLF
equation to the Arrhenius approach.



4. Degree of conversion from DSC measurement

Based on the results from the kinetic analysis of DSC measurements, the degree of reaction x is calculated for a preset
temperature regime and then the respective glass transition temperature Tg(x) is determined.

Examplel: Curing of an epoxy resin
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The degree of reaction x is calculated, using a complex model from Thermokinetics software, decribing the DSC
measurement

METZSCH ChemRheo  Rheomelry of Expoxy Curing
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Fig. Analysis of dynamic rheometer measurements based on the new fit-model. The rheometric data were approximated
with a Kamal-Sourour equation.

The curing process can be measured by different ways: DSC and Rheometry.
The same kinetic model must be used for both descriptions



Example2: cross-linking reaction of powder paints

In general the cross-linking reaction of powder paints

is investigated by DSC and/or by viscometry. Using

DSC, the heat generation connected with an individual reaction step is recorded. Therefore, the signal is

proportional to the reaction rate of cross-linking.

Using viscometry the dependence of viscosity on the degree of reaction is recorded.
The relation between degree of reaction and the signal is nearly linear if a pure cross linking reaction takes

place, i.e. observed at vulcanization of rubber.

This relation is strongly nonlinear if the two processes (growth of polymer chain and cross-linking) are take
place simultaneously, i.e. observed during the curing reaction of epoxy resin.
The recommended procedure of the Kinetic analysis of a powder paint consists:

in the kinetics analysis of at least three DSC measurements executed with different heating rates
in the kinetic analysis of at least three isothermal rheometric measurements executed at different
temperatures with the result of kinetic analysis of DSC measurements as additional supporting
information, especially to calculate the degree of reaction at a certain state.

If DSC measurements as source of information are missing, then the kinetic analysis is possible using

NETZSCH Thermokinetics.

Metzsch ChemRheo Powder Paint
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Fig. A high fit quality is achieved with a triple-step
model.

On the basis of this result, the degree of reaction is
calculated for all temperature profiles of rheometric
measurements and used in the program ChemRheo as
basis for modeling. Consequently, the kinetics is
calculated on the basis of DSC measurements and the
rheometric behavior on basis of both DSC and
rheometric measurements.

Fig. Kinetic Analysis of Rheometric Measurements,
using ChemRheo and the Model Exponential Gain,
E_Change

Fig. Predicted values od degree of reaction and
viscosity for the given temperature program

For the given boundary conditions the temperature
profile is estimated using ChemRheo. Now it is the task
of technicians to achieve this temperature profile within
the heating container.

Additional information about Netzsch ChemRheo afobnd on www.therm-soft.com



