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The NETZSCH Group

and its three globally operating divisions

Analyzing & Testing

Devices for thermal analysis, 

determining thermophysical 

properties and rheology as well as 

fire testing systems

Grinding & Dispersing

Extensive range of machines for 

wet and dry grinding, mixing, 

dispersing, homogenizing and 

separating

Pumps & Systems

Always the right positive 

displacement pump for your 

application

Erich NETZSCH GmbH & Co. Holding KG
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Business areas Analyzing & Testing
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Products and services for applications in the 

low and high temperature range from -260°C to 2800°C

Determination of

dimensional and 

mass changes, 

phase transitions 

and enthalpies 

as a function 

of temperature

Thermal Analysis

Determination of 

thermal diffusivity and 

thermal conductivity, 

specific heat capacity 

and thermal expansion 

coefficients

Thermophysical

Properties

Analysis of 

decomposition 

processes and reaction 

processes with regard to 

temperatures, released 

heat quantities and 

pressure curves

Adiabatic

Calorimetry

Determination of the fire 

behavior of products in 

the automotive, 

construction, electronics 

and polymer sectors; 

classification into 

"European fire classes"

Fire Testing 

Devices

Measurement of 

rheological properties of 

non-Newtonian fluids 

and soft solids - from 

formulation to product 

use

Rheology
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The Business Unit Analyzing & Testing

5

>150M €
Sales

>700
Employees worldwide

>10
Laboratories worldwide

6
International 

production sites

> 50
Sales and service

locations worldwide
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NETZSCH Analyzing & Testing  - worldwide presence
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Europe

Germany

HQ Selb - Ahlden - Weimar

France

Lyon

Great Britain

Wolverhampton

Italy

Verona

Austria

Graz

Poland

Krakow

Spain

Barcelona

Sweden

Stockholm

Czech Republic

Prague

Branch officeProduction site

China

5 Sales and 

5 Service locations

Sydney

Yokohama

Shanghai

Seoul

Chennai

São Paulo

Suzhou

Krakow

Moscow

Boston 

USA

7 Sales and 

5 Service

locations

Ahlden

Weimar Selb
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Agenda
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1. Overview of Solid-State Kinetics and Kinetics Neo

2. Debinding Process Optimization

3. Sintering Process Optimization

4. Live Demonstration of Kinetics Neo Software

5. Key Takeaways
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1 Overview of Solid-State Kinetics and Kinetics Neo
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Kinetics in Solids 

Kinetics is the study of the dependents of a chemical 

reaction rate on time and temperature.
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Dependence of reaction rate on temperature: Arrhenius equation

General equation 𝑑𝛼

𝑑𝑡
= 𝑘 𝑇 ∙ 𝑓 𝛼

Arrhenius dependence
𝑘 𝑇 = 𝐴 ∙ 𝑒𝑥𝑝

−𝐸𝑎

𝑅𝑇

𝑑𝛼

𝑑𝑡
= 𝐴 ∙ 𝑒𝑥𝑝

−𝐸𝑎

𝑅𝑇
∙ 𝑓 α

α : conversion 

A: pre-exponential factor [1/s]

Ea: activation energy [kJ/mol]

R: gas constant 8.31 [J/(mol.K)]

T: absolute temperature [K] T[K]=T[°C]+273.15
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Kinetics Neo Software 

• Fitting Experimental Data by using Mathematical models: Mathematical models enable the fitting of experimental data to

theoretical equations, which helps in determining kinetic parameters like Activation energy, Pre-exponential factor, f(α) and

Coefficient of determination R2.

• Kinetics Neo software can simulate and predict the behavior of chemical processes under various temperature conditions,

such as isothermal, dynamic, and adiabatic profiles.

• Kinetics Neo Software allows users to optimize temperature programs.
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Data type 

STA, DIL, TGA, DSC, DEA, 

ARC, DMA, Rheology

Kinetic Analysis 

Prediction 

Of user defined 

temperature profile 

Process Optimization 

controlling conversion 

rate 



Supported Measurement Types
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STA

DMA
Rheology

DEA

DSC

ARC / MMC

DIL

 NETZSCH and non-NETZSCH data

 ASCII text files like TXT or CSV

 Data Columns (Temperature, Time and Signal)
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▪ STA (TG + DSC) 

▪ DIL

Full Customer Workflow For Process Optimization
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1. Laboratory measurements 

    mg, known temperature

2. Kinetics Analysis 

    mg, uniform known temperature, 

     measurement impossible

Thermal stability and de-

composition behavior, can be 

coupled with: FT-IR or Mass-

Spectro-meter for gas 

analysis

 

STA

Expansion 

and 

sintering behavior

DIL



Ceramic Debinding and Sintering Processes
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Below 700°C: Debinding

STA

Above 700°C:

Sintering/Densification

DIL

Debinding and sintering are processes based on time and temperature functions. If not well-

chosen, they can result in microcracks and high production costs. 

A thermobalance provides you 

information on binder burnout 

A dilatometer provides you information on 

sintering shrinkage and thermal expansion
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2 Debinding Process Optimization
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Kinetic Analysis of Debinding Using TGA data

Simultaneous Thermal Analysis : mass change is measured during heating 

Temperature

mass 
fast heating

slow heating
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• Mass sample 10 mg  

• At least 3 measurements at different heating rates with R2 value greater than 0.995

• Heating rates of 0.5, 1, 2 and  5 K/min.

• Reproducibility

STA 509 Jupiter Select

Ceramic Optimization with Kinetics Neo Software, Dr. Mohammed Bouzbib, Dec 11, 2025



Conversion α(t) for TGA data
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• α(t) : Conversion is the ratio of the partial mass loss at given time point to the total mass loss at the final time point

A
t, T

B
𝛼: 0. . 1

𝑐𝐴 → 1 − 𝛼
𝑐𝐵 → 𝛼

A

B

STA 509 Jupiter Select
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Debinding below 700°C: Kinetic Analysis for TGA data 

One kinetic model with two steps can fit all measurements
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STA 509 Jupiter Select
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Theory: one Kinetic Model is used for predictions at any temperature
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• One kinetic model can fit all measurements a different temperature conditions

• This model will be used for prediction at any temperature

• For any temperature program the result is calculated immediately

1. Measured data for the process 

at different temperature conditions

2. Kinetic Model for the process

Simulated curves must fit experimental data

3. Simulated:  

reaction for new temperatures
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Debinding Process Optimization based on TGA data 
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Non-optimized 29 hrs, max 0.5%/min Optimized 18 hrs, max 0.16 %/min

(A)

(B)
(C)

(D)
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3 Sintering Process Optimization
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Dilatometer measurements of the zirconia green body
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Sample holder:           Al2O3

Temperature range:   RT to 1500°C

Heating rate:           4/8/15 K/min

Atmosphere:           50 ml/min Air

Sample length:           ~10 mm
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• Dilatometer measurements of the zirconia green body at heating 

rates of 4, 8, and 15 K/min

DIL



Conversion α(t) for DIL data   
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• α(t) : where ∆L(T) is the partial length change of the DIL up to temperature T and ∆L(total) is the total length change. 

• This assumes all solids react the same way and the sintering rate depends on temperature only.
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DIL



Optimization of the Sintering Process of Zirconia Ceramics 

for Dental Applications
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• Dilatometer measurements (rhombus symbols) and kinetic 

model (solid lines) of sintering for zirconia green body at 

heating rates of 4, 8, and 15 K/min



Optimization of the Sintering Process of Zirconia Ceramics for 

Dental Applications
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• Non-optimized temperature profile (dashed line) at 8 

K/min for ceramic sintering and the appertaining 

dilatometer measurement (solid curve).

• Optimized temperature profile for ceramic sintering (dashed 

curve) and simulated conversion rate (solid curve).



Optimization of the Sintering Process of Zirconia Ceramics for 

Dental Applications
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• Optimized temperature profile for ceramic sintering (dashed 

curve) and measured length change (solid curve) for 

verification purposes.

• Optimized temperature profile for ceramic sintering 

(dashed curve) and simulated conversion rate (solid 

curve)



4 Software Demonstration
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Key Takeaways

❑ Kinetic Parameters: Determined activation energy (Ea) and pre-exponential factor (A) using Kinetics Neo software 

for effective process control.

❑ Debinding Optimization:

• Used TGA + Kinetics Neo to model multi-step reactions.

• Process time reduced by ~38%.

❑ Sintering Optimization:

• Used Dilatometer (DIL) data with Kinetics Neo to track shrinkage & thermal expansion.

• Process time reduced by ~60%.

❑ Academic Advantage: 

• Understand thermal behavior, debinding, and sintering; accelerates experiments and publications.

• By optimizing conversion rates, stress in multilayer ceramics is minimized.
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Kinetics Analysis in Compliance with ICTAC Kinetics Recommendations
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• Model free analysis

• Multi-step model-fitting (model based) 

• Deconvolution analysis (sum of peaks)

ICTAC: International Confederation for 

Thermal Analysis and Calorimetry
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NETZSCH Kinetics Neo Website: How to Obtain a Trial Version
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• Go to: https://kinetics.netzsch.com

• Trial Version: 30 days

• Email (Software Neo Team): kinetics.neo@netzsch.com

• Kinetics as a Service
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https://kinetics.netzsch.com/
mailto:kinetics.neo@netzsch.com


You can rely on NETZSCH.

Dr. Mohammed Bouzbib 
Chemist 

For further questions please contact

kinetics.neo@netzsch.com

webinar_ngb@netzsch.com
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Thank you for your attention!

kinetics.netzsch.com

mailto:kinetics.neo@netzsch.com
mailto:webinar_ngb@netzsch.com
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