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Why determine redox of glasses and melts ?
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Two main sources of CO, emissions in the glass industry:

v Fossil fuels : 80% of emissions
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v Decarbonation of raw materials : 20% of emissions




To limit CO, emissions, it will probably be necessary to
change the chemical compositions and operating modes of
furnaces, and therefore to know the oxidation-reduction of the
final product and the oxidation-reduction at high temperature.

- How redox modify the properties at HT?

- Is the redox of a glass the same as that of a liquid?
- How analyze redox state?

- Redox at HT in silicate glasses and melts

- Mixing multivalent elements

- Redox and nucleation




Different furnace — different crucible = same f,,?
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How redox vary as a function of chemical composition, T and f5,?
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Si02 72,61
Na20 14,32
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How redox vary as a function of chemical composition, T and f5,?
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How redox vary as a function of chemical composition, T and f5,?
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Champagne champagne old

How redox vary as a function of chemical composition, T and f5,?
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- How redox vary as a function of chemical composition, T and f,?
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How to measure a redox state?

Optical spectroscopy

=> possible at HT, Laurent Cormier or Gérald

Lelong, Sorbonne University
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Neuville D.R., Cicconi M.R. (2021) How measure a redox
state? Magma Redox Geochemistry. AGU Geophysical
Monography Series eds Moretti and Neuville. - DOI :
10.1002/9781119473206.ch13
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XANES possible for almost all elements depend on

light source
Possible measurement at HT, HP, mapping.....

Neuville D.R., Cicconi M.R. (2021) How measure a redox state? Magma Redox Geochemistry. AGU
Geophysical Monography Series eds Moretti and Neuville. - DOI : 10.1002/9781119473206.ch13




Determination of iron redox by Fe-K edge XANES

oxidized

Iron K-edge:
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Experiments made on the ODE beamline at SOLEIL, France with F. Baudelet, on the FAME beamline at ESRF
with Denis Testemale , on the ID24 beamline at ESRF with A. Trapananti and on the XAFS beamline at
ELETTRA, ITALY with L. Olivi




Raman spectroscopy
50%Si02-20%Mg0-20%Ca0-5%Na20-5%FeO

INSTITUT DE PRYSIOU|
DU GLOBE DE PARIS

1.0

x10°3

0.5 —

900 1000 1100 1200

Evidence of Fe3*in tetrahedral coordination in Q*:

e Mossbauer => center shift < 0.30mm/s (Mysen, 1983; Alberto et
al. 1996)

Intensity, a.u.

e lron K -edge XANES => integrated pre-edge area characteristic
for [4IFe3+
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Magnien V., Neuville D.R., Cormier L., Roux J., Pinet O. and Richet
P. (2006) Kinetics of iron redox reactions: A high-temperature
XANES and Raman spectroscopy study. Journal of Nuclear
Materials, 352, 190-195.




Raman spectroscopy
50%Si02-20%Mg0-20%Ca0-5%Na20-5%FeO
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Magnien V., Neuville D.R., Cormier L., Roux J., Pinet O. and Richet
P. (2006) Kinetics of iron redox reactions: A high-temperature
XANES and Raman spectroscopy study. Journal of Nuclear
Materials, 352, 190-195.
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=> Good compatibility between different techniques

Neuville D.R., Cicconi M.R. (2021) How measure a redox state? Magma Redox Geochemistry. AGU
Geophysical Monograph Series eds Moretti and Neuville. - DOI : 10.1002/9781119473206.ch13




Optical spectroscopy

Fe redox state can be follow with Fe2* band

Charge
transfert
Fe3+-Oj

!

Fe3*

5000 10000 15000 20000 25000

Evolution of optical properties from the glass to the liquid
Importance for radiative transfer in glass furnace

Michel, PhD Thesis (2013)
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1400 Redox can plays a very
1380 | ¥ Important role on liquidus
1360 £ temperature, crystallization....
1340 ¢ Glass transition....
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Asimow P. (2020) The petrological consequences of the
estimated oxidation state of primitive MORB glass. AGU
Monograph on Magma Redox Geochemistry edt by Moretti and Neuville.
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- What is the role of redox on viscosities ?
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Dingwell (1991) Redox viscometry of some Fe-bearing silicate melts
American Mineralogist, Volume 76, pages 1560-1562.

Dingwell DB, Virgo D (1987) The effect of oxidation state on the viscosity
of melts in the system Na20-FeO-Fe203-SiO2. Geochimica et
Cosmochimica Acta 51:195-205




- What is the role of redox on viscosities ?
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Sukenaga S., Yamada H., Wakihara T., Cicconi M.R., Ohara K., Shibata H.,
and Neuville D.R. (2020) Redox effect on the viscosity of silicate glasses
and melts. Earth and Planetary Sciences Letters (soumis).




- Is the redox of a glass the same as that of a liquid?

Fig. 22.8 Tektite specimens with typical aerodynamic
shapes and characteristic surface features (square dimen-
sion = 5 mm)
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Iron effect on viscosity
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Iron effect on viscosity
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In situ experiment . 1826K
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- In situ redox

measurements,
XANES at the Fe K-edge

- in situ nucleation

and growth

| WAXS and SAXS
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Neuville D.R., Hennet L., Florian P., de Ligny D. (2014) In situ high temperature experiment. In Henderson G.S, Neuville D.R.,
Down B. (2014) "Spectroscopic methods in Mineralogy and Material Sciences" Review in Mineralogy and Geochemistry, Vol 78,
779-800.




In situ experiment
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Neuville D.R., Hennet L., Florian P., de Ligny D. (2014) In situ high temperature experiment. In Henderson G.S, Neuville D.R.,
Down B. (2014) "Spectroscopic methods in Mineralogy and Material Sciences" Review in Mineralogy and Geochemistry, Vol 78,
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XANES versus temperature or time

XANES spectra of Pyrox after reduction or Time dependence during reduction in
oxidation induced in air by temperature air at 2058 K of a Pyrox sample
changes from 2071 to 1723 K, 1723 to 2058 K, previously equilibrated at 1723 K
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Magnien V., Neuville D.R., Cormier L., Mysen B.O..... (2004)
Kinetics of iron oxidation in silicate melts: A preliminary
XANES study. Chem. Geol., 213, 253-263




Raman spectroscopy

Borosilicate NBF67.18.x glass with increasing FeO content Borosilicate NBF67.18.5 glass with increasing Fe3+ content | ’
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Increasing FeO content at constant redox ratio + inscreasing Fe3+

content:
¢ Increasing band at 980cm ! in borosilicates

¢ Shift to lower frequency of the 980 cm -1 band => [4lFe3+-0O
bonds Shared With Si Cochain B., Neuville D. R., Henderson G. S., McCammon C., Pinet O. and P.

Richet (2012) Iron content, redox state and structure of sodium borosilicate
glasses: A Raman, Mossbauer and boron K-edge XANES spectroscopy study.

® 303/304 mOdificatIOH Journal of the American Ceramics Society, 94, 1-12
¢ Decreasing danburite like rings band (2SiO,-2BO,-Na,0)




XANES versus temperature or time
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Raman spectroscopy
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“Redox diffusivity’” concept
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Time dependence of redox ratio

t
R.- R..=(R,- R,,)x exp%)

® Ry et Re,, initial redox and

0 Y | . Y | equilibrium redox
0 200 400 600 800 1000 * R redox @timet
T e T, characteristic time

time (S) teq

teq =-1In(0,01)
and => D, “redox

tog = ro?/(4*D) diffusivity

ro, sSample size




« Redox diffusivity »
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Magnien V, Neuville D.R., Cormier L., Roux J., Hazemann J-L., de Ligny D., Pascarelli S., Vickridge I., Pinet O. and Richet P. (2008) Kinetics and mechanisms of
iron redox reactions in silicate melts: The effects of temperature and alkali cations. Geochim. Cosmochim. Acta., 72, 2157-2168.




What are the diffusing species Fredominating mechanism => , composition, 1(0;

Oxidized Silicate Reduced

: , Silicate
Molecular Oxygen (Schreiber et al, 1986)

HT

liquidus

O, > 4 Fe3+ 2 0% 4 Fe2*+ O,

Tonic Oxygen (Schreiber et al, 1986)
- HT
2 O2?- > 4 Fe3*+8e-+0, 4 Fe2++ 2 O3 liquidus

o
Divalent cations (Cooper et al, 1996)

2 M2+ BT
2+ +
2 WerOprte ZME AR oL gk o

2168.

Magnien V, Neuville D.R., Cormier L., Roux J., Hazemann J-L., de Ligny D., Pascarelli S., Vickridge I., Pinet O. and Richet P. (2008) Kinetics and
mechanisms of iron redox reactions in silicate melts: The effects of temperature and alkali cations. Geochim. Cosmochim. Acta., 72, 2157- Crﬁ]rs
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Rutherford back-scattering spectra

Cosmochim. Acta., 72, 2157-2168.

Magnien V, Neuville D.R., Cormier L., Roux J., Hazemann J-L., de Ligny D., Pascarelli
S., Vickridge I., Pinet O. and Richet P. (2008) Kinetics and mechanisms of iron redox
reactions in silicate melts: The effects of temperature and alkali cations. Geochim.
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Antimony role?
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Cerium effect
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Raman spectroscopy on Ce-NSx silicate glasses
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Ti'in glasses and melts
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Iron effect ?
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Nucleation, effect on viscosity?
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Conclusion

Redox can greatly modify the properties and structure of
silicate glasses and melts.

There are many tools for studying the redox of glasses and
XANES, Raman and optical spectroscopy can also investigated
melts.

Under dilute conditions, it seems that many elements do not
follow thermodynamic models and behave in unexpected
ways.

These phenomena can give rise to numerous nucleation and
crystallization processes, and it has recently been found that
large quantities of nanolites are present in the majority of
volcanic lavas.
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