Cenmhk; e

depasser ks monhanes

Source de talents, depuis 1306

Phénomenes de relaxation dans les verres

Yann Vaills
Orléans University

Conditions Extrémes des Matériaux : Haute
Température et Irradiation

CEMHTI UPR 3079 CNRS



Ageing of glasses...?

L 4
o

Nuclebr.waste
' W
a

household
refuse

. - Chemical reasons
Ageing of glasses

physical reasons




Cer_Ith Le verre: équilibre ou hors équilibre...? @ i
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~ Heterogeneous dynamics relaxation

Polymers, molecular glasses... Colloidal solution T<Tg

Y(t)> several relaxation processes E2ifastiiin
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Composmon choose

Composmon 0. 27 NaZO 0.73 SlO2
v Tg(DSC) = 730K
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Structural relaxation

circles : calculated times

RE|axati0 n fu nCtion ® Dingwell 1990 - Relaxation times deduced from viscosity

y(t,T)
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diamonds : annealing times
€ Ryu 2006 - Annealing times (IR)
€ Goller 2009 - Annealing times (Raman)
@ Bibent 2009 - Annealing times (IR)
@ This work - Annealing times
trigngles-:-measured times
Tomozawa 2008 - Measured times after RT quenching (IR)
This work - Measured times
— This work - Schematic law for relaxation times
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Volume

Structural relaxation

Which relaxation function y(t) ?

Temperature

v’ Longitudinal acoustical
mode frequency
(measured by Brillouin
scattering)

v’ Relative intensity of an
Raman lines



Tool description Spectrum analysis
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Brillouin scattering vs Temperature & time

Experimental procedure

for relaxation study Exponential decomposition

1 E
T In-situ isothermal\
i measurement ¢ N
215
. 01t
et o A LA A D L 2
> 80
Relaxation kinetics ik
| O T P S o s (U (TR (R E e B e |
g nu=316GHz _|
9
‘€ [ .PT=700K S S G
g : At 1 Time [hours]
S, =» bi-exponential model
% : &t0 & tC
> n,(t)=n, - W, expc—+ W, eXpg—-=
5 el, o el, ¢
o =» Strechted exponential
L | — b
[T S e g e g T i B A 10 ;
0 10 20 30 40 50 60 70 nB(t) =11y - WEXP TB with 0<b£1

Time [hours]



Evidence of heterogeneous dynamics
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=» Evidence of an heterogeneous dynamics at long distance
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Raman modes of the Raman spectrum

Region |: 3, 4, 5 et 6 tetrahedra rings
Region IlI: Si-O-Si interterahedral bonds

Region I11: Si-NBO/BO in Q" species
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2 : cooling

1100 K

298 K

v

Intensity [arb.units]

1500

1000

500

relaxation at short distance: Raman

—=r

R

500

1000

Wavenumber [cm”

Experimental process : in
situ heating and cooling

1500

2000
4

2500

18



Analyse in individual compounds 4 gaussian bands

iy -<4\ P3 e

T

P1 Mode = stretching Si-NBO in Q2 species
P2 Mode =» stretching Si-BO

P3 Mode =» stretching Si-NBO in Q2 species
P4 Mode =» stretching Si-NBO in Q* species
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D. De Sousa Meneses Vibrational Spectroscopy, 65, 50-57 2013.

W.J. Malfait, J. Raman Spec. 2009
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dence of relaxation at short range

» Variation of the Raman cross section

(Environment change) ?

The well known NMR measurements

exclude the first hypothesis

the intensités of Q%/Q3 ratio> good probe for structural relaxation
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Comparaison of several relaxation dynamics
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Conclusion

Relaxation scenario at T < Tg and
heterogeneous dynamics

The Brillouin slow relaxation time 7;
is consistent with shear relaxation
time deduced from the viscosity :
Si—O--Si

Temps de relaxation Raman (Q?/Q3)
relaxation time : close from the fast

Brillouin (7]




Effet de la vitesse de montée en température

Thinks are they so simple?

Effect of heating rate
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Effect of heating rate

ldea of time relaxation distribution function

Modelisation using fractional Brownian

dynamics G. Kneller, J; Chem. Phys. (2010)
w(t)

1 fonction de relaxation = superposition
d’exponentielles

00

) = f dAp(De
0

p(4) représente ici le spectre de taux de relaxation



Effect of heating rate

ldea of time relaxation distribution function

Modelisation using fractional Brownian

N dynamics G. Kneller, J; Chem. Phys. (2010)
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Dispositif expérimental : 2 spectromeétres 1.00 |
développé au CEMHTI

spectrometre FT-IR, Bruker Vertex 80v 0.95
o =400 - 1600 cm!
Chauffage avec une platine résistive T ~1200 K

FT-IR spectrometer
FT-IR spectrometer
Bruker Vertex 70 Bruker Vertex 80v

Normal spectral emissivity
o
(0]
(6)]

400 600 800 1000 1200  140C

Laser CO,

Wavenumber [cm™t]

e région | : fléxion des liaisons O—Si—0O

Luminance du verre et celle du corps noir * région Il : vibrations des liaisons Si—O—Si
e région lll: vibration des liaison Si—
e TF(IS o IRT) PBB o PRT E BO/NBO dans les entités Q"
Lk BB
TF(IBB B IRT) P PRT
FT : Fourrier transform ; | : Interferogram; P: Planck’s law ; BB : Black body ; S: Sample

; RT : Room Temperature



Région opaque : Lois de Kirchhoff et Fresnel

0
E(w)=1- elw) 1 Logiciel Focus
JeE(w) +1
avec :

ew)=¢e'(w)+ie"(w)
fonction diélectrique

v; O-Si-O déformation
1 Ve
v, Si-NBO étirement dans Q2
v, Si-NBO étirement dans Q3
ve Si-BO étirement dans Q*
v, Si-BO contribution des Q?, Q3, Q4
au désordre dynamique

Modele utilisant un profil d’absor
E(w)=¢_ -

Normal Emissivity

Imaginary dielectric function

Analyse des spectres
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D. De Sousa Meneses Vibrational Spectroscopy, 65, 50-57 2013.
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» Le phénomene de relaxation samorce.
» Augmentation de I'aire Q3 et diminutions
des aires Q%, Q*

1. Mise en place d’une réorganisation qu’on
voit pas par Infrarouge. |

2. Puis relaxation a courte distance, avec
changement des populations Q™.
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Cemhti pelaxation structurale a courte distance: Infraroug@l 7

Liquide

1.00 1.00 SR ST e sl ey
il T=925-934 K y
> 0.95 g 095 = 3 — - i
= 2 1—15
. g' 2 090 NN o g‘
= 0.90 = i
& " =
£ S o 0.85 A ] 5
B 4 o A\ i
@ o =3 i o
% g. o 0.75 o R S g.
223 d © =115
S & £ 0.70 o o
5 o it ] =
Z 0.75 0:65 . f
ol ot O T e 060 L &
400 600 800 1000 1200 1400 400 600 800 1000 1200 = 1400
=) '
Wavenumber [cm™] Wavenumber [cm'l]
Ajout d’'un mode supplémentaire:
Q* (SiO,-quartz) B el A A B o
R . : . 5 300 = 7] L R O'*4
:; O i ° ° ° i ® n B i
- 250 | = : |
u 08 B ° ® ° i n, e & —
£ o7 200 | . oS ]
3 06 | ! | | = L it i i N i Q4 7
5 400 600 nggnumber%g:]g] 1200 1400 % 150 ° : o nf B Q3 _'
g 2 = 4 * N
3 T g T ' e T ) < 2 ]
ST Si-BO env. | il 6= 25¢m-1 100 =, e 4 . T kit rathn o 2
3 A > 1 & L e 3 * * * * n Q A
2 ordonné A yathite: . “ . . 3
2 21 S0 - * % " n g ) Ll — I
g) 2 - mm® ® ¢ | 1 | 1 | 1 | 1 | 1 | 1
2 ifar 37 e 2t B Y B el e St ot Lau it L LAY O 20 40 60 80 100 120
600 800 1000 3 1200 1400 0 20 40 60 80 100 Time [min]

Wavenumber [cm”

Time [min]



.Cemhb Relaxatlon structurale a courte distance: Infraroug Wil

QN speciation

0.8

&
o)

o
~

0.2

T=864—883K | T=925-934K

| : | ! |
"&f e
phasel | phasellos

0.4

Q" speciation

0.2

Q*

T=12 min

O O —_
Q3 e
L —— Simple exponential model |

30 40 50 60 70 80 90 100 110

o) Time [min] Q2
Q2
B 3 4
PO T oo Q
0) 50 100 150 200
Time [min]

v' Augmentation des

96”'6 cc%tlnue

men t| es
uer Ius
e

v' Migration des Na* pour
 SSpReNSHA b
cesQ?,

A Q@

supp, montre la

onsommation de 2Q3.
orma jon d’une

Y bR SYRIEmEAERInt un

rlcnemd"ergioz_ quartz.

/

Crlstalllsatlon et

eml %%'no errr]ntgtgon
%I\és cr ecaaWtes au ortTrIse &
8 afe S{ eganlsatlon a
longue |stance, puis une

relaxation a courte
échelle.



Etude par RMN de la distribution spatiale des ions Na" dans
les verres (S10,)1.x(Na,O)y

distribution spatiale
des atomes porteurs
de moments
magnétiques (ici 2°Si) ey
—relation masse- \
distance J ?h T 60
L 30s
\ | o
, | s
2s
m(r) ~ P 75
MAJI\MMH$WMM, 0.5
R ] 0.25s
mﬁ,wu__u_,ﬂ,_ﬂ_r-"/f\‘“—‘— e ———~~1 (.15
A 0.05
295i Chemical shift in . o ~———— 001
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M(t) = t¢ relaxation nucléaire de 29Si
M(t):cer 1 exp(—At/ 1°)] s, (r e
M(t)=cM,[r=(At)*]

M oc rP oc t* oc (At)P/6

= o =D/6

(Si0,)4:(Na,0), 0o = D=2.46
(Si0,)0.765(N@,0)g 105 = D=3
(SiO,)oes(Na,0)pz, = D=3
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Ln [EESI' normalized magnetization M(t)]
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Ln [”Si normalized magnetization M(t)]
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