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Production process: Curing NETZSCH

adhesives, resins, paints, coating, from microchips and automotive to wind power stations

How to make the best painting in shortest time?
What happens during curing process?
How to reduce costs during production?

What is the final state of the epoxy after given time at given temperature?
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How to solve the customer’s problem? NETZ5CH

1. Experimental data
DSC, DEA Instrument is necessary

2. Kinetics Analysis based on experimental data
Create kinetic model based on experimental data Kinetics Neo

3. Validation of kinetics Model
Is the simulation in agreement with any existing isothermal data for this process?
Instrument and Kinetics Neo

4. Prediction or process optimization Kinetics Neo
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NETZSCH

Reaction types for curing
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Kinetics Neo: specially for curing

NETZSCH

I. Reaction types for curing reactions

. Bna — autocatalytical reacton of Prout-Tompkins

da_A a X " <—Ea)
P a a™ - exp BT

. Cmn — reaction of the " order with autocatalysis of mt order by product

@ A=) (1 +Ka™ (_E“)
dt = (04 a eXp RT

. Kamal-Sourour — two parallel reactions with the same reactant and same product;
one of them is the reaction of the nt" order, the second one is autocatalytical;
these two reactions have different activation energies
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Il. Reactions with several steps including different step directions

I1l. Reactions with diffusion control

« For curing reactions at the temperatures near glass transition temperature
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NETZSCH

Different directions of reaction steps
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Reactions with different direction of reaction steps NEIZSCH

Differential scanning calorimetry
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Reactions with different direction of reaction steps NETZ5CH

Use Models
to understand processes
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NETZSCH

Reactions with diffusion control
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Glass transition temperature moves after curing

NETZSCH

Fiber-reinforced Plastics
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Fast or slow reaction? Isothermal curing NETZSCH
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Glass transition temperature vs Conversion

NETZSCH

Properties
Glass Transition Temperature
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Applications: production processes

DSC Measurements NETZSCH

Source Data
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Model without diffusion control NETZSCH

Model Based

Mechanism change
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Reaction with diffusion control: Theory

NETZSCH

Rabinovich equation for entire rate constant:

1 1

1
k kEchem kdi_f_f

K

hem IS the chemical reaction rate k. (T)=A- Exp(_ _)

RT

Kqir IS the diffusion rate, calculated by WLF (Williams — Landel - Ferry) equation:

Above glass transition (T > Tg):

Below glass transition (T < Tg):

C,-(T-T.)

Kairr (T) = Kairr [T = Tg) T exp [—Lr;+r—rg]

= = ETyf1 1
kaipr (T) = keaip; (T = T,) - exp P‘Ri) (F_ _)]
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Model with diffusion control NETZSCH

Model Based
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Predictions of glass transition NETZSCH
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Predictions of conversion NETZSCH
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Predictions of glass transition NETZSCH
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NETZSCH

Time-Temperature-Transition diagram

Prediction
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TTT: Time Temperature Transition diagram  NETZSCH
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What is the final state of the curing material after given time at given temperature?
TTT Diagram shows the state of the material (glass, liquid, rubber) for isothermal conditions with known temperature and time
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Conclusion NETZSCH

Special features for curing analysis

B Autocatalytical reactions including Kamal-Sourour with two different activation
energies

B Kinetic models for reactions with several individual steps including the steps with
different directions of exotherm

B Curing reactions with glass transition and partial diffusion control

Additional information: kinetics.netzcsh.com
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