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d In the frame of CEA Transversal Materials & Processes Competence Programme (PTC), a 2 years (2023-2025) | | | | |
project (22MP07) named ESTELLA (Electrodes positives a base de verres pour accumulateurs Li-ion et Na-ion) > |dentity  vanadium-free glass systems materials with high
and aiming at developing new positive electrode based on oxide glasses without critical elements (V, Co...) specific capacity and high operating voltage resulting In

" Charge energy densities close to 1000 Wh.kg at the active material level
Why glass instead of crystal? R —_—
negative electrode Décharge positive electrode > Highlight h | Vs . ial .

0 Higher theoretical specific capacities than for the sstug bl iaiigtesty P .. .- thlgt It?ave . f?rst-or é;ee:ssinﬂueﬂcgsmgrc]: et?elcaaectrg(r;cr)]z?;ilce;

best crystalline materials (above 300mAh/g) [1] | * 00’0’0 ‘o
My - e e performance
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more LI incorporation than crystalline one o 00 o o > Identify chemical compositions that are performant in terms of
electrochemical performance for replacing lithium (expensive and

Qa Flexibility of the network could incorporate g
g not very abundant) with other alkali metals such as Na

Q Easy to synthesize
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__tHeat T Melted and rapidly quenched
Alkali o Glass Forming o Transition Metal Precursor powders O [treatment 1400°C on stainless plate in air
Oxide Oxide Oxide mixing in Pt crucibles <
Nominal composition - E
Sample ]
o Na,O Sio; Mn®O Mn™o, Qﬂ, ogO 3
wt.% | mol% | wt.% | mol% | wt.% | mol% | wt.% |mol% coo o 2
Si4aNa2Mn(ll) [27.7] 25.8 | 56.0 | 58.1 | 183 | 16.1 | - - \— — )
SiaNa2Mn(lV)|16.2] 17.1 | 604 | 654 | - - 23.4 [ 17.5 Dwell (h)
, Raman Spectroscopy
Thickness:
Si/ Si/ Densit Reduced ~ 8 mm ~3 mm Experimental conditions: laser 532nm, 1800gr/mm, 4.6mW, 10 x 60s acquisition time
Na Mn ety density* 4 A N.B.: Deconvolution spectra after substracting baseline to raw data and normalized intensity at max
Nominal| XRF |Nominal| XRF d (mol/cm’®) E £
£
siaNazvn(l)| 11 | too | 36 | 20 | FI0 1 044 | B n X, (634cm1) > x (620cm ) .
o TR R } 2 | angle (SiOSi) < angle (SiOSi) [5] dS"'CIate network
SiaNazMn(V)| 19 | to . | 37 | S0 | S | 042 B ~| Si4Na2 2 Q" closer to each other epolymerization
* d/M....: Number of moles of material by cm2  XRF: X-Ray Fluorescence g Mn(lV) X /
S— A
60% 1200
2 o SiaNa2Mn(Il Q’%; or Q' s -
X-Ray Diffraction (XRD) -~ Differential Temperature ® < 5o S'4N""2M“:|\i) 7 S e %] || 1000 P
-Ra ITTraction . © i4Na2Mn * .
Y | . Analysis (DTA) 9 o D@ Q2 2
< < 40% . | 800 =
. MSi4Na2Mn(IV) lendothermic 20°C/min \ Jé © u
S\ — NN @ 30% 8 o 600 =-
— S o m . —T -
S 5 | _ ‘ | | ' 1 - Si-O-Si (BB) 5 »
3 ~— ) ] 1 | | | | I 1 | | > oo O
=L = | SiaNa2Mn(ll) Si4Na2Mn(IV) 500 600 700 80( 900 1000 1100 1200 =2 20% 400~
2 SidNa2M (II). - SidNa?2 & 10% °© U 200 .
e | d n -’ S
2 5 | | | =IFNa 7S a ° Q| o o
: 0%
1 406 ,\ T o . &S| Mn(ll)
Cu, A=1.54064 | ~ 2théta(?) Tg =452°C < Tg=518°C = o 1 2 3 4 5 6 7 8
0 20 30 40 50 60 70 80 > Peak number
I r T T T T T T T 1 il
J Amorphous 500 400 500 -~ 600 700 9 Better silicate network
0 Different diffractograms > suggest different structures ~ Temperature (°C) o nolymerization
c

Harmonic oscillator analogy

UV-visible Spectroscopy

D g /\/ \ \,- 0’ ) % (cm™1) = bond strength
— | SiANa2Mn(IV) 500 600 700 800 900 1000 1100 1200 A \// “’ ‘ \ reduced mass
©
:' A . . nooq. i % i
= 4}[}67 nm: d-d transition on octahedral Mn(lll) species (460nm) [2] Spectral Weight SW (cm~1) = 21=¢ nl(i chl;Q )
2 519 nm: Mn?* ions in tetrahedral coordination (513nm) [3] =0T
S - - SW (Si4Na2Mn(1V)) = 1040 cm > SW (Si4Na2Mn(ll)) = 1013 cm-
3 : Mn?* jons in octahedral coordination (603nm) [3] _ . . .
4 It suggests that more energy is needed to modify the Q™ atomic network for Si4NazMn(1V)
O e Thickness
S Peak
< aa 285Hm Raman-shift
4 Peak Xc (cm™) Possible vibration modes (from literature)
, . , . , . , . , & Si4dNa2 |Si4Na2
400 500 600 700 800 £ Mn(l) |Mn(IV)
Wavelength (nm) wn - 559 |550, 540: Si-O-Si bridging O bending mode [4] [5]

600: Defect band D2 (O breathing in 3-membered rings of SiOy,) [4]
< . 580: Si-O rocking mode in Q* [5]

. : 15 mm 634 620 |660: Si-O-Si bending mode [7]
1 Distribution of 74% Mn2*/ 26%Mn>* (no Mn4+) 767 780 | 700-850: Si-O-Si symetric stretching mode [5] 785: Si-O-Si symetric stretching mode [7]
874 - |900: Si-O in Q! [5] 850: Si-O"in Q°[5] 850-880: Si-O in Q° [6]
951 | 950 |950-1000: Si-O in Q% [4] [5] [6]
1018 | 1010 |950-1000: Si-O” in Q° [4] [5] [6]
1075 | 1079 |1050-1100: Si-O" in Q° [4]
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A Tetrahedral structure of Mn?* (44%) suggests that some of the Mn
IS Involved in establishing the glass network

» Raman Spectroscopy to better understand Tg values:

1. Depolymerizing of the glass network (peak 5). » Evaluating the free volume of these materials
2. Less energy may be needed to modify Si4Na2Mn(ll) atomic structure (Spectral Weight). from density measurements and UV-vis charaterization

These suggest that the atomic structure of the Si4Naz2Mn(ll) is easier to modify
than Si4Na2Mn(lV) and so, its Tg is less high:

=» In agreement with Tg measured by ATD. » Testing these two materials electrochemically to better understand

_ the role of the structure properties on battery performances
» Raman Spectroscopy and reduced density:

* The structure of Si4ANa2Mn(ll) would be more packed than SiANazMn(lV) one (angles SIOSI).

=> In agreement with the reduced density computed (higher for SiANa2Mn(ll)). > Elaborating and characterizing new chemical systems

> UV-vis Spectroscopy characterization and oxidation states changing the nature and porportion of the three elements classes,

At high elaboration temperature (1400-1550°C), Mn#* can be reduced to Mn3* and Mn?* [8]. o pgttte_r un?etrstar:]d thle Lmzortancte ofcclallfferentt rrll?terlqlt_para}l_megers "
= In agreement with the UV-visible characterization for Si4Na2Mn(1V) (no Mn4+). (oxidation state, Q", polyhedra centered on metal transition, Tg, density, ...)
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