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Common viscosities



a) Falling Ball

b) Counterweight ball

c) Rotation

d) Sink-point

e) Free fiber elongation

f) Load fiber elongation

g) Creep deformation

h) Penetrometer

i) Torsion of a tube

j) Parallel plates

Methods of viscosities measurements



Introduction

Viscosities commonly evaluated by viscometers
• depending on the temperature range (rotation for HT and fiber elongation for LT)
• depending on the composition of the glass (one curve / composition)
• require large amounts of sample

Indirectly method by heating microscopy firstly developed by Scholze in 1962
• viscosity-temperature curve established from three characteristics temperatures 

using the VFT relation : transition point, Littleton point and working point
• relationship between viscosity and temperature in float and borosilicate glasses as 

a function of specific shape during heating

Nieto et al. (1997) & Pascual et al. (2001) established the relation between the 
characteristic points of viscosity obtained by HSM and the corresponding values measured 
on the viscosity curve for different glass compositions 



Hot-stage microscope (HSM): apparatus

Camera

Furnace
Light 

source

Support sample 
/ thermocouple

Characterization of sample 
evolution:

 area (S/S0)
 shape factor
 wetting



Measurements parameters 

 L/L: thermal expansion

 S/S → V/V: sintering / deformation

 Shape factor: viscosity

Wettability

 Surface tension / density

DTA / DSC

Dilatometry

Viscometer

HSM
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Hot-stage microscope (HSM): sample



Hot-stage microscope (HSM): software



Hot-stage microscope (HSM): software



Hot-stage microscope (HSM): results



Hot-stage microscopy curves



Influencing measurements parameters 

 Heating rate

 Granulometry

 Atmosphere (Air; Ar; N2; H2/H2O)

 Substrate

 Composition



Influence of the heating rate



Influence of the granulometry
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Influence of the composition

45SiO2 - 10B2O3 - 27SrO - 18MgO (Tg = 653°C)



Influence of the composition

45SiO2 - 10B2O3 - 27SrO - 18CaO (Tg = 608°C)



Determination of the viscosity-temperature

Influence of:
 Glass composition  surface tension (calculated by Dietzel coefficient)
 Heating rate: 5 – 10°C.min-1

 Particle size / relative density: < 20 µm; 20-40 µm; 40-60 µm

 Viscosity values at the first shrinkage temperature TFS
Frenkel model (based on the particle size)

 Viscosity values at the maximum shrinkage temperature TMS
Mackenzie–Shuttleworth model (based on the softening of the glass)



Fixed viscosity points vs. models

qualitative quantitative



0

2

4

6

8

10

12

14

500 600 700 800 900 1000 1100 1200 1300 1400 1500

lo
g 

n 
(d

Pa
.s

)

Temperature (°C)

Example: Schott 8422

log 𝜂 = A + B
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Requirements
 TLittleton (η = 107.6 Poise) = 800˚C
 Low viscosity at 900˚C
 No crystallization at 800˚C
 Limited interactions with other components 
of electrochemical systems

Selection criteria (Sciglass software)
 Tg > 600˚C
 750˚C < TLittleton < 900˚C
 TEC > 5×10-6 K-1

 Limited amount of P2O5

Viscous seal for SOEC

Coillot et al, International Journal of Hydrogen Energy, 2012
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Objective decrease of thermal characteristics 
 ZrO2 substituted by SiO2 and/or B2O3

Requirements
 TLittleton (η = 107.6 Poise) = 800˚C
 Low viscosity at 900˚C
 No crystallization at 800˚C

Viscous seal for SOEC
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log 𝜂 = A + B
T – T0

HSM Measurements
 Applying the method to Vsc glasses
 Least-square refinement by Vogel-Fulcher-Tammann equation:

Viscous seal for SOEC



 Applying the method to Vsc glasses
 Least-square refinement by Vogel-Fulcher-Tammann equation:
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log 𝜂 = A + B
T – T0



 Applying the method to Vsc glasses
 Least-square refinement by Vogel-Fulcher-Tammann equation:

Only Vsc31, Vsc32 and Vsc33 appear suitable
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log 𝜂 = A + B
T – T0



 Is the viscosity low enough to allow the seal forming at 900˚C ?
 Heat treatment: 10h at 900˚C
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Viscous seal for SOEC



 Is the viscosity low enough to allow the seal forming at 900˚C ?
 Heat treatment: 10h at 900˚C

 Seal elaboration: easy at lower viscosity
 Good wettability for Vsc31 and Vsc32 (θ < 90˚)
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Viscous seal for SOEC



How to prepare a foam glass ?

 Elaboration

+
Formation of gas

bubbles (CO2 or N2)
Foaming 

agent

 Glass waste

- CRT: Cathode Ray Tube glass

- SLS: Soda-Lime Silicate glass

 Foaming agent

e.g. AlN, CaCO3, SiC or C

Heat treatment

Temperature

Time

Furnace temperature vs. time

Temperature ramp

Operating temperature

Cooling phase

Expansion
Glass 
waste 

Glass foam



How to prepare a foam glass ?
Category Foaming agent Mechanism
Carbonates 
/ sulfates

Na2CO3
CaCO3
MgCa(CO3)2 (Dolomite)
Na2SO4
CaSO4

Reactive- / Thermal 
decomposition

Metal oxides MnxOy
FexOy
CrxOy
PbO

Redox reaction in melt

Nitrides AlN
TiN
Si3N4

Redox reaction

Carbonaceous SiC
Carbon

Surface reaction
Solid-Gas reaction

Water glass

Virgin glass Redox



Viscous window

Gas bubbles prisoners of the 
viscous melt 

→Expanded glass

viscosity curve 



Viscous window

Petersen et al, JNCS, 2017



Foaming ability
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CRT panel + MnO2

Maximize A/A0, 
best performance ?

Petersen et al, JNCS, 2017



Foaming reaction
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CRT panel + MnO2

Mn3O4



Foaming reaction
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Volume expansion
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CRT panel + MnO2


