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NETZSCH group since 1873

Our three business units develop outstanding products 
for nearly every industry and country around the world.
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NETZSCH Grinding & Dispersing Machines

3Process technology for ceramics and high-tech materials
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STA (TG + DSC) 

DIL,

LFA,

…

Complete Solution for Customer‘s Problem: 

from Measurement to Simulation
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1. Laboratory measurements 

    mg, known temperature

2. Chemical Kinetics 

    mg, uniform known temperature, 

     measurement impossible

3. Simulation

    g, kg, tons, temperature gradients, 
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High-quality ceramics

SEM image with microcracks [1]
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[1] Rashed Adnan Islam Y. C. Chan, January 2004 Materials Science and Engineering B 106(2):132-140 , Structure–property relationship in high-tension ceramic insulator fired at high temperature
DOI: 10.1016/j.mseb.2003.09.005
Pictures are from internet: gelenk-klinik.de, www.avonvalleydental.com.au

Quality of ceramics depends on production temperature
Slow heating and cooling enhanced the quality of ceramics, but makes it more expensive

http://www.avonvalleydental.com.au/


How to optimize the sintering of ceramics?

Below 700°C:

Debinding

Above 700°C:

Densification
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How to get the best quality in the shortest time?



Measurements for kinetic analysis below 700°C: 

Thermogravimetry method detects the mass loss

Thermogravimetry: mass change is measured during heating 

Temperature

mass 

fast heating

slow heating

10kinetics.netzsch.com



Debinding below 700°C: Kinetic Analysis for TG data 

STA 49 F5: 

Measurement at three given 

temperature programs
One kinetic model with two steps can fit all measurements

This model will be used for process optimization
11kinetics.netzsch.com



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



Optimization of temperature below 700°C based on TG

14kinetics.netzsch.com

Non-optimized 29 hrs, max 0.5%/min Optimized 18 hrs, max 0.16 %/min



Measurements for kinetic analysis: 

Dilatometry method detects the length change

Dilatometry: length change is measured during heating 

length 

Temperature

fast heating

slow heating
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Densification above 700°C: Kinetic Analysis for DIL data 

DIL 402: 

Measurement of porcelain

at four given temperature 

programs

One kinetic model can fit all measurements

This model will be used for process optimization



Optimization of temperature above 700°C based on DIL

Non-optimized 25 hrs, max 1%/min Optimized 9 hrs, max 0.4%/min



New material

Production time was reduced more than by 50%

By applying of process optimization in kinetics

Additional information is on kinetics.netzsch.com 19

Ceramitec, Munich, 2018, NATAS conference 2019



Additive manufacturing of ceramic components

Source: Lithoz

21

Analysis and Optimization of the Binder Burnout of 3D-Printed Ceramic Components| C. Strunz, 

Thermal conductivity conference ITCC, 2021

Lithography-based ceramic 3D manufacturing (LCM) 



TG on crushed Alumina sample at different heating rates
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TG /%

Alumina (crushed)
~49,35 mg
Al2O3 85µl, open
Air 40 ml/min

Sample:
Sample mass:
Crucible:
Atmosphere:

Heating rate 2,5 K/min

Heating rate 5 K/min

Heating rate 10 K/min

Heating rate 20 K/min

-0.48 %

-1.86 %

-0.49 %

-8.49 %

-10.43 %

-1.83 %

-0.51 %

-1.83 %

-0.51 %

-8.44 %

-10.49 %

-1.80 %

-8.46 %

-10.43 %

-8.45 %

-10.47 %

Analysis and Optimization of the Binder Burnout of 3D-Printed Ceramic Components| C. Strunz, ITCC,  2021



Binder burnout –TGA Results (kinetic analysis)

24Analysis and Optimization of the Binder Burnout of 3D-Printed Ceramic Components| C. Strunz, ITCC,  2021



Binder burnout –TGA Results (kinetic predictions, isothermal)

Analysis and Optimization of the Binder Burnout of 3D-Printed Ceramic Components| C. Strunz, ITCC,  2021 25



Cracks because of temperature gradients in big volume

28

Simulation for big volume is necessary



Complete Solution for Customer‘s Problem: 

from Measurement to Simulation
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1. Laboratory measurements 

    mg, known temperature

2. Chemical Kinetics 

    mg, uniform known temperature, 

     measurement impossible

3. Simulation

    g, kg, tons, temperature gradients, 

STA (TG + DSC) 

DIL,

LFA,

…



Finite elements are used in Termica Neo software

Heat balance for small element with reaction heat as the heat source
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 𝑄𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛

dx
dy

dz T(x)

𝑞𝑖𝑛 − 𝑞𝑜𝑢𝑡 + 𝑄𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛

𝜕𝑇

𝜕𝑡
= 𝑎

𝜕2𝑇

𝜕2𝑥
+ ∆𝑇𝑎𝑑

𝑑𝛼

𝑑𝑡

Heat flow out 

qout
𝑞𝑜𝑢𝑡 = 𝑑𝑆 𝜆 ቤ

𝜕𝑇

𝜕𝑥
𝑥+

𝑑𝑥
2

Heat flow out

at point x+dx/2

𝑞𝑖𝑛 − 𝑞𝑜𝑢𝑡 = 𝑑𝑆 𝜆
𝜕2𝑇

𝜕2𝑥

𝑎 = 𝜆 /(𝐶𝑝 ∙ 𝜌)

𝑑𝛼

𝑑𝑡
= 𝐴 ∙ 𝑓 𝛼 ∙ exp

−𝐸

𝑅𝑇

Heat flow 

difference

Reaction rate

Thermal diffusivity

𝑄𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 = ∆𝐻 ∙ 𝑑𝑚 ∙
𝑑𝛼

𝑑𝑡
Reaction Heat

𝑄𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛

𝜕𝑇

𝜕𝑡
= 𝑎

𝜕2𝑇

𝜕2𝑥
+
𝜕2𝑇

𝜕2𝑦
+
𝜕2𝑇

𝜕2𝑧
+ ∆𝑇𝑎𝑑

𝑑𝛼

𝑑𝑡

𝐶𝑝 ∙ 𝑑𝑚 ∙
𝑑𝑇

𝑑𝑡
Self-heating

𝐶𝑝 ∙ 𝑑𝑚 ∙
𝑑𝑇

𝑑𝑡
=

𝑑𝑉 = 𝑑𝑥 𝑑𝑦 𝑑𝑧
𝑑𝑆 = 𝑑𝑦 𝑑𝑧

𝑑𝑚 = 𝜌 𝑑𝑉
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Volume

MassdS

Heat flow in 

qin

𝑞𝑖𝑛 = 𝑑𝑆 𝜆 ቤ
𝜕𝑇

𝜕𝑥
𝑥−

𝑑𝑥
2

Heat flow in

at point x-dx/2

∆𝑇𝑎𝑑= ∆𝐻/𝐶𝑝
Adiabatic

Temperature increase



Technical ceramics:

Data: Dilatometer measurements for sintering of Si3N4

Kinetic model contains 4 individual reaction steps, two last of them are competing

31



Library of mostly used reactive and container materials

32

Physical properties of mostly used materials are in the material library 



Physical properties of green body and sintered ceramics for Si3N4 
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Green body: before sitntering

Ceramics: after sintering

Specific heat capacity

Specific heat capacity

Density

Density

Thermal 

conductivity

Thermal 

conductivity



Physical data for simulation: reacting media and containers
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All physical properties are 

temperature-dependent

Surface properties:

Heat transfer coefficient 

and emissivity

Material library 

contains mostly used 

materials like polymers, 

metals, alloys

If necessary, then containers of different materials can be added



Results: Temperature vs time at any point of the reacting volume:

Vertical or horizontal

35Possible to show: Temperature, conversion, conversion rate, concentrations vs time

Axial view

Radial view at the selected height



Different thermal conductivity before and after reaction 
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Reactant: 

0.5 W/(m*K) at RT

Product:

13 W/(m*K) at RT
Properties change

from reactant to product



Changing of density during sintering 
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before sintering

after sintering

ρ(20°C)=1.77 g/cm³

green body

sintered

ρ(20°C)=3,10 g/cm³

Reasons for linear changes:
1. thermal expansion
2. different density properties for reactant and 
final product (here)



Material has different density before and after reaction 
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Horizontal Section



Material has different density before and after reaction 
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Vertical Section



Concentration of each component during sintering
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Concentration A Concentration B Concentration C Concentration D Concentration E

time=55 min

time=55 min, middle of cylinder



Rotation geometry of arbitrary profile 
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Rotation geometry of arbitrary profile
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Temperature Conversion Conversion rate



Rotation geometry of arbitrary profile
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Temperature Conversion Conversion rate



Simulation results for rotation shape

44



General functionality of Termica Neo

1. Simulation of the chemical reactions in big volumes

2. Calculation of the following properties at each point of volume as the function of time

1. Temperature

2. Degree of conversion

3. Conversion rate

4. Concentrations

45



Unique: Kinetics Analysis must fulfil ICTAC kinetics recommendations

46Topic of presentation | Analyzing & Testing | Date created | Version XX 

Model free analysis

Multi-step model-fitting (model based) 

Diffusion control for curing

Crystallization kinetics

Kamal model for curing

Deconvolution analysis (sum of peaks)

ICTAC: International 

Confederation for 

Thermal Analysis and 

Calorimetry



NETZSCH Kinetics Neo Web Site,

NETZSCH Termica Neo Web Site

Trial Version 30 days

Users Guide, Training examples, 

Webinars: Thermokinetics (pdf and video): 

47kinetics.netzsch.com termica.netzsch.com

https://kinetics.netzsch.com/
https://kinetics.netzsch.com/


NETZSCH Kinetics Neo Web Site: How to get a trail version

48Topic of presentation | Analyzing & Testing | Date created | Version XX 

https://kinetics.netzsch.comGo to: 

 Trial Version 30 days

https://kinetics.netzsch.com/


Training examples for sintering

49Topic of presentation | Analyzing & Testing |  Date created 



You can rely on NETZSCH.
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elena.moukhina@netzsch.com www.kinetics.netzsch.com

kinetics.neo@netzsch.com


	Slide 1:  Ceramics Sintering:  Kinetics, Simulation and Process Optimization  using Kinetics Neo and Termica Neo
	Slide 2: NETZSCH group since 1873
	Slide 3: NETZSCH Grinding & Dispersing Machines
	Slide 4: Complete Solution for Customer‘s Problem:  from Measurement to Simulation
	Slide 5: Complete Solution for Customer‘s Problem:  from Measurement to Simulation
	Slide 7: High-quality ceramics
	Slide 9: How to optimize the sintering of ceramics?
	Slide 10: Measurements for kinetic analysis below 700°C:        Thermogravimetry method detects the mass loss
	Slide 11: Debinding below 700°C: Kinetic Analysis for TG data 
	Slide 12: Theory: one Kinetic Model is used for predictions   at any temperature
	Slide 14: Optimization of temperature below 700°C based on TG
	Slide 15: Measurements for kinetic analysis:        Dilatometry method detects the length change
	Slide 16: Densification above 700°C: Kinetic Analysis for DIL data 
	Slide 18: Optimization of temperature above 700°C based on DIL
	Slide 19: New material
	Slide 21: Additive manufacturing of ceramic components
	Slide 23: TG on crushed Alumina sample at different heating rates
	Slide 24
	Slide 25
	Slide 28: Cracks because of temperature gradients in big volume
	Slide 29: Complete Solution for Customer‘s Problem:  from Measurement to Simulation
	Slide 30: Finite elements are used in Termica Neo software Heat balance for small element with reaction heat as the heat source
	Slide 31: Technical ceramics: Data: Dilatometer measurements for sintering of Si3N4
	Slide 32: Library of mostly used reactive and container materials
	Slide 33: Physical properties of green body and sintered ceramics for Si3N4 
	Slide 34: Physical data for simulation: reacting media and containers
	Slide 35: Results: Temperature vs time at any point of the reacting volume: Vertical or horizontal
	Slide 36: Different thermal conductivity before and after reaction 
	Slide 37: Changing of density during sintering 
	Slide 38: Material has different density before and after reaction 
	Slide 39: Material has different density before and after reaction 
	Slide 40: Concentration of each component during sintering
	Slide 41: Rotation geometry of arbitrary profile 
	Slide 42: Rotation geometry of arbitrary profile
	Slide 43: Rotation geometry of arbitrary profile
	Slide 44: Simulation results for rotation shape
	Slide 45: General functionality of Termica Neo
	Slide 46: Unique: Kinetics Analysis must fulfil ICTAC kinetics recommendations
	Slide 47: NETZSCH Kinetics Neo Web Site, NETZSCH Termica Neo Web Site
	Slide 48: NETZSCH Kinetics Neo Web Site: How to get a trail version
	Slide 49: Training examples for sintering
	Slide 50

