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Blending of raw materials
(surface-treated powders, solvent, dispersant and others)

Optimization of components
and composition ratio

Slurry preparation

Optimization of preparation
and storage conditions
Feedback

| Coating, molding and drying |

.

| End-product

Blending of raw materials
(surface-treated powders, solvent, dispersant and others)

Optimization of components
and composition ratio

Slurry preparation

Optimization of preparation and storage conditions

. Feedback

| Coating, molding and drying |

.

| End-product |

End-product performance

End-product performance
U Speed up and lower costs of development

Benefits of evaluating highly concentrated slurries
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Particle size distribution

: Aggregated particle?
Ultrasonic Attenuation Spectroscopy
6 -
L o5l A
=
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Diameter (um)

Slurry
OK products;

What’s different?

?

Slurry
NG products

Zeta potential of particle
: Surface electric charge?

Ultrasonic Attenuation Spectroscopy

o0

Electrostatic repulsion

Viscoelasticity
: Internal structure?

Particle sedimentation velocity Rheometer
: Dispersion Stability?
Centrifugal Sedimentation Wettability of particle with solvent
: Aggregated particle?
Pulsed NMR
Solvent molecule

\ Powder

B Methods for evaluating highly concentrated slurries

Zlehh. BT 2O, PRgm . G
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< % Agitation condition >

NCM Solvent
CB PVDF-NMP e
:: ° O g 16g (NMP) o 03 0g Gvaluation of the wettability of patﬁcl(b
16g) /W Tt QF g T 0 e with solvent by Pulsed NMR
iNo: No —
o= ..
Agitation mixer Completion
agltatlon
o0, O 0.0 0 min  Short Long Much longer
e L Yy ol @, ooo
‘ : "® OO N
% » » ~i ﬂ ? » No ~ \ Agitation time j

Agltatlon by hand” Completion / \
Evaluation of dynamic viscoelasticity
by Rheometer
[ ] . . OOOO -----------
0 o oO No
» » d » :agitation: or
“Agitation by hand” “Agitation by hand” % Completion | \ Long agitation J

O ; Electrode active material (NCM) o .. ;

eXe)
; Binder solution (PVDF-NMP) OOOC§> ; Zirconia particles

BEEEM  Preparation methods of slurries
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; Conductive assistant (CB)

Particle size distribution
6 .
5 | Additional agitation by hand in two steps

4 A

Agitation mixer

Additional agitation only

1 by hand in one step

PSD, weight basis
w

Diameter (um)

Dispersibility image of slurry

G5

“Agitation by hand”

BT The effect of “Agitation by hand”
(particle size distribution by Ultrasonic
Attenuation Spectroscopy)

QO
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Agitation time by hand

Dispersibility image of slurry
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= = = » Solvent molecules in contact with particles

Increased interface area between particle and solvent
= good dispersibility

BT The effect of agitation by hand (wettability
of the particle with solvent by Pulsed NMR)
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The change of elastic modulus as the strain increases

Agitation mixer only
Much difference

80 > “hard and agglomerate”
structure
&’@ (possibility of poor
QG dispersibility)

Additional agitation by hand

Little difference
stable structure

(possibility of good
dispersibility)

The effect of agitation by hand (internal
structure from storage elastic modulus of
strain sweep test by Rheometer)
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Coating and
drying

Film formation

End-product

Customer issues

Points of attention

Analysis methods

—Optimization of raw
Materials—

Component, composition,
size and surface treatment of

powder, etc.

Primary particle size

Dynamic light scattering, synchrotron
radiation, SEM, TEM, etc.

Surface characterization

of particle

BET, titrattion, gas adsorption,
TOF-SIMS, XPS, XRD, IR, Raman, etc.

Secondary particle size and
cohesive nature

Image analysis by microscopy

Affinity between raw materials
containing solvent

Hansen solubility parameter

-Optimization of slurry

preparation-—

Evaluation of dispersibility and
dispersion stability

(Direct evaluation of highly
concentrated slurry)

Pulsed NMR, Centrifugal
Sedimentation, Ultrasonic
Attenuation Spectroscopy, Rheometer
* including slurry preparation

-Optimization of coating and
drying process—

Dripping, extending, drying rate

Rheometer

(viscosity, viscoelasticity)

—-Characterization of the film-
Improvement in the performance
of end-products, cause analysis
and validation of product
troubles, management of the
quality, etc.

Surface and cross-sectional
structure

CP-SEM, FIB-TEM, Confocal
microscopy, X-ray CT

Chemical properties

EPMA, GCIB-TOF-SIMS, GCIB-XPS,
XRD, IR, Raman, efc.

Physical properties such as
dispersibility, peelability, fragility
and the homogeneneity

Nanoindentation

(hardness, Young’s modulus, and
viscoelasticity),

Centrifuge stripping, SAICAS

Analysis method used in each stage of the manufacturing process
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W5 (Fig. 7).
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