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1. LiFePO4
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e Py v oo E o Fig. 2 Rietveld refinements of X-ray diffraction patterns for a LiFcPO,
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2. SEM/EDX y TEM/SAED
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Fig. 4 Scanning electron microscopy images collected in the secondary
electron imaging mode for a LiFePO,4/C and b LiFeq 99C0g o, POL/C
samples, together with their corresponding EDS analysis collected in
the backscattered electron mode. The inset in the graph is to show the
presence of cobalt emission lines in the EDS spectra




3. SAXS y Ramn
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Fig. 3 Small-angle X-ray scattering patterns and Beaucage fittings of
LiFePO, and LiFe09C0 PO, samples. The 1(q) ~ q >*° power law
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Fig. 5 Transmission electron microscopy images for a LiFePO,/C and b

observed in both cases evidenced no drastic apartment from the Porod
law. In the logarithmic scale displayed in the graph, the power law region
appears as a linear trend whose slope corresponds to the Porod exponent

LiFe(.99C00,01PO4/C samples. The inset shows a selected area electron
diffraction pattern for each case. ¢ Raman microscopy spectra and image
(inset) corresponding to the olivine-rich and carbon-rich zones in the samples

(P), in this case P =—3.95
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Materiales para Electrolito

I6n-Litio

1. Materiales para Almacenamiento
de Energia: Baterfas de Litio
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Aplicaciones

cell phones, tablets, laptops, cameras
Chevy Volt
Electric vehicle

Tesla

https://batteryuniversity.com/index.php/learn/article/global_battery_markets




1. Materiales para Almacenamiento
de Energia: Baterfas de Litio
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1. Electrolitos Solidos:

Samsung Recall Note 7:
Uso de electrolitos liquidos

In the original run of devices, the battery, produced by a Samsung subsidiary, contained a design flaw that made electrodes
on the top-right of the battery susceptible to bending. This weakened separation between positive and negative tabs of the
battery, thus resulting in and

Some batteries were also missing insulation tape entirely. Samsung reported that these oversights resulted from the vendor's
push to ramp up production of batteries for the replacement phones in order to meet demand.



https://en.wikipedia.org/wiki/Thermal_runaway
https://en.wikipedia.org/wiki/Short_circuit

2. Estrategia y Metodologia #mma Maincha

e Carboxyl

O Disminuir la viscosidad intrinseca del polimero 9 H
(Tgy Tm) © o,

O Mejorar la afinidad entre el Li* y el polimero

Estrategia

O Mejorar conduccién catiénica Li*
O Bajar conduccién aniénica (¢j. ClO,) ¥ @ ©
Metodologia :

O Sintesis de nuevos Materiales y Nanomateriales

O Agregado de cargas (fillers): ﬁ ©
®  Modificacién del Tg/Tm del Polimeto
® Afinidad anién con la carga

O Caractetizaciéon Quimico Estructural

O Caracterizacion y evaluacion de

desempefio Eléctrico ® a

in

s Ether side chain

2. Nanotubos de HTN'T como fillets

O ¢Por qué?

O Los nanotubos de HTNT poseen un area especifica
importante.

O Se conoce la morfologfa y estructura de los nanotubos
(bloque de construccion)

O Tiene estructura bicapa, que permite alojar otros iones




WMétodo hidrotermal
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por primeros principios

2. Caracterizacion de HTNT:

O NT de H3Ti,07: Raman, BEM, TEM y XRD
O Espesorde 2a3nm

O Diametro medio de 9 nm

O Largo de 15 nm

RN NT
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[1] L. Ferndndez-Werner et al, Journal of Energy Storage, 12 (2017) 66-77.
[2] F. Pignanelli et al, Mater. Res. Bull., 106 (2018) 40-48.




2. Seleccion del Sistema

o Polimero: PAN b i i i

a Carga: H3sTi>, O (HTNT)
o Sal: LiClO4

Lithium perchlorate
Liclo,

Se espera:
o Disociar la sal
o Li* se asocie al PAN

o ClO4 limitado en su movimiento
éasociado al HTNT?

3. Caracterizacion Estructural

O Small Angle X-ray Scattering (SAXS)

O XRD convencional
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2 Li-PAN-HTNT-15
a) b) : '
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\\4 T(°C)
" % X0 Figure 7. Differential scannin g calorimetry profiles for Li-PAN-
2 ' 2 HTNT-X with X = 0, 5, 10, and 15.
s alg
i~ o’ N X=10
H § , Table 2. DSC Analysis for Li-PAN-HTNT-X with X = 0, 5,
£ £ 10, and 15*
HTN' X=0 X=5 X=10 X=15
T, (°C) 1612 169.7 1734 1739
“L b oo Lo, AH, (/g) 159.03 7474 3526 34.69
20 3 40 50 6 70 “Melting temperature (T,,) and heat (AH,,) were obtained from DSC
a(m’) 20 (deg) analysis.

3. (a) Small angle X-ray scattering and (b) X-ray powder diffraction patterns for Li-PAN-HTNT-X with X = 0, 5, 10, 15, HTNT samples, and
e LIClO, reference.




3. Caracterizacion Estructural

O FTIR y Raman
a) b)
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Figure 4. (a) Raman and (b) FT-IR spectra for Li-PAN-HTNT-X with X = 0, §, 10, 15 and pure NT. The arrows and asterisks indicate the presence
of HTNT and perchlorate modes, respectively.

3. Caracterizacion
Estructural

o Confocal Raman
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Figure 6. (a) Confocal Raman microscopy images and (b) selected
area Raman spectra for Li-PAN-HTNT-X with X = 0 and 15. The
Figure 5. Confocal Raman microscopy images for Li-PAN-HTNT-X HTNT-riCh (Plue)’ APAN-DMSO_riCb (orange), ?nd Perc}domte-ric}]
with X = 0, 5, 10, and 15. The HTNT-rich (red) and PAN-DMSO-rich (Pink) zones in the image were obtained by filtering the peaks at 456
(blue) zones in the image were obtained by filtering the peaks at 456 cm™! ascribed to Ti—O—Ti STIEtChi.ng, 670 cm™! ascribed to C—S—C
cm™" ascribed to Ti—O—Ti and at 670 cm™" ascribed to C—S—C stretching, and 870—930 cm™" ascribed to ClO, stretching modes,
stretching modes, respectively. respectively. The arrows and asterisks indicate the presence of HTNT
and perchlorate modes, respectively.




3. Caracterizacion de NT:

Microscopia Raman

"% | Create Fiters | quickFiters | Extract | al |[é Sum 2

Ejemplo de Funcionamiento: Show Phortane | san | sop Lo s [
M7 5um 1 1265 2053 rel Ucm | posion:  paaass
M'Esum2 2504 3291 rel tjem e —
Width: |78.745976

. Background Subtraction:
Muestra dC NT Calentados a R showInput Graph _ Spatial Average Size: [2 ‘ F R sl A
T=200°C. T Tik

Bitma, (766x576) - BG| |
(Ojes o sezan | o |

* Presencia de Nanoparticulas
de Anatasa en muestra de NT .

75 (306.75) CCD cts ‘E | S0 BEN CCD s olor Bitma (70x70) - BGR 0
‘el (374) | R: 266,83 nm Pixel (9/33) [ R: 3441.4 nm Fixel (28/23) | R: 3282.2 nm

A
33 f ,w"k,w,u\

1 (R —

500 1000 1500 2000 2500 3000
rel. 1/dm
b RS R R o e Teol®@o

3. Dinamica Molecular

Sistema Li-PAN-PEI
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Figure 2. Theoretical PDF [G(r)] for the Li—PEI-PAN model using Figure 3. Experimental XRD patterns for LiClO,, PEI, PAN, and Li—

PEI-PAN and theoretical simulation of XRD patterns for Li—PEI—

MD and DFT. The energy convergence for MD simulation is shown PAN

in the inset.




3. Dinamica Molecular

O NVT a 300 K (3 ps polimero + 500 fs DFT sistema total)
O Econft = Econ2=5.0 eV

"

== Configuration 2
7
Y
8
i,
H

Conf. 1 g (a)
. o
>
‘=’ 4
8
2 3
.

R

Simulation Time (fs)

.

E—
" enion?
"
<,
3
.
Conf. 2 ki .
: (b)
E
2 4
° W
s
2
‘D 500 1000 150( 2000 2500 3000
Simulation Time (fs)

Figure 2. (a) Perchlorate and (b) lithium ions distance from HTNT
wbace in jons 1 and 2 25 2 fanction of simuilation tim

4. Caracterizacion Electroquimica
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Table 3. Impedance Spectroscopy Analysis for Li-PAN-HTNT-X with X = 0, §, 10, and 15°
X=0 x=55 X=10 X=15

R (ohm) (6.13 + 0.12) x 10° (3.39 £ 0.07) x 10* (2.53 £ 012) x 10° (7.93 £ 025) x 10*
CPE Q (F) (137 + 020) x 1072 (248 £ 037) x 107" (209 + 0.62) x 1077 (4.53 + 1.00) x 107"
CPEn 0.860  0.011 0860 + 0.012 0685 + 0,023 0717 £ 0018
o (S-em™) (163 + 0.08) X 10~ (295 £ 0.15) X 107 (395 + 020) x 107 (126 + 0.64) x 107

“Resistance (R) and constant phase element (CPE) parameters were calculated from the circuit model fittings shown in Figure 8b, inset. The lithium
conductivity (¢) was calculated using o = 1/p using p = R(A/d) with A = 0.1 cm” as the electrode contact area and d = 0.1 cm as the pellet thickness.
In all cases, the analysis was performed in triplicate.
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5. Conclusiones Generales

O Se realiz6 la preparacion de nanocompésitos polimero-nanoparticula
O Se caracterizaron de forma Quimico-Estructural

O Se caracterizaron electroquimicamente, con valores en rangos
aceptables, acorde al estado del arte. Ototar~3.95%107% S - cm™t
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Enhancement of Lithium-lon Transport in Poly(acrylonitrile) with
Hydrogen Titanate Nanotube Fillers as Solid Polymer Electrolytes for
Lithium-lon Battery Applications

Fernando Pignanelli, Mariano Romero,*® Ricardo Faccio,*® Luciana Fernindez-Werner,
and Alvaro W. Mombri

Centro NanoMat/CryssMat/Fisica, DETEMA Facultad de Quimica, Universidad de la Repiiblica, Montevideo, C.P. 11800, Uruguay

ABSTRACT: In the present work, we report the enhancement of
lithium-ion dissociation and transport in poly(acrylonitrile) host
promoted by the addition of hydrogen titanate nanotube filles for
solid polymer electrolytes. We show experimental and theoretical
evidence of lithium perchlorate dissociation du to the presence of
the acidic hydrogen titanate nanotubes embedded in the polymer
matrix. We performed confocal Raman microscopy analysis to
reveal the presence of lithium perchlorate dissociation at the
interface of polymer and nanotube fllers. The large affnity of
perchlorate anions at the hydrogen titanate nanotube surface, as
envisaged from the ab initio molecular dynamics simulations, could
be responsible for the enhancement of more than 2 orders of
‘magnitude in the lithium conductivity, reaching ~4 X 107 S-cm™"
for a certain amount of nanotube fillers addition.
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