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Horiba: solutions for Advanced carbon
materials characterizations

From R&D laboratories to process optimization and quality control: answer to all
the challenges of the materials for energy applicaions

Ludivine Fromentoux — Market Manager Materials
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HORIBA

8,665 employees around the world

@  More than 900 people in R&D labs HORIBA
.'A In 32 R&D centers .
Worldwide

Offices & factories in 150 countries company still
focus on

tomorrow

¥2.905B
sales (FY 2023)

High end solution providers
combining knowledges &

@ @ HORIBA n = . /_,. l experiences of 49 historical '
@ compagnies QZ’Z”
SOOI DOD

HORIBA | © 2024 HORIBA, Ttd. All rights r




HORIBA: a worldwide company
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- - H"‘-"_ - o Water electrolysis system evaluation
-. L N ~ ] o Water quality monitoring
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#Mobility, #Power generation,
#Environmental improvement,# Water...

Materials & Semiconductors
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o Semiconductor manufacturing process control

Bio & Healthcare
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" o Hematology testing
t ; o
o Blood glucose testing monitoring
o Immunoassay o Facility management and control
o Clinical chemistry testing o Advanced materials research and development
o Hemostasis testing o Advanced recycling of materials
o Pharmaceutical / Food & beverage / o Semiconductor-related materials research,

Cosmetics & skincare products development, development, and quality control
manufacturing, and quality control

#Lab. testing, #Drug discovery/ #Advanced materials, #Semiconductors,
manufacturing, #Cells, #Genes... #polymers, materials for energy, #uplastics...
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HORIBA: solutions from “bricks” to turnkey solutions

Integrated Solutions Optical Solutions & Industrial

Provides custom turnkey | “g Lal” ﬂg,y A Spectrometers for OEM

solutions, perfectly Q\Q)‘ ‘i J
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instruments % ‘ i §>
to Boost the R&D "/]U L ‘BD \
or to Optimize the
production Process monitoring

Ready to use analyzers to manage
efficiently every processes
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HORIBA

HORIBA: full range of knowledge to solve every challenges

A Full range of technologies... ... TO

:Ilg?#e;;?:l z)r::lEysis @ CharaCterize all
| kind of samples

§ Liquid analysis
Gas analysis / purity U - 9 E #pH #acide #alkaline
#real time monitoring #FTIR
#FID
%
ﬁ: Particle measurement
o N
Spectroscopic analysis & ~ a
#UV #Light #NIR #Raman -
-
_

Gases

Liquids

@ Solids

#diameter #number #shape
[:::-

Materials (film) characterization

| |
$e
#thickness #surface topography

&:

Fluid control
#Fluid flow rate

Data Sciences Temperature measurement

#Digitalization, #IA
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Carbon advanced material: keys for energy applications

Intercalation Batteries

Proton
Exchange

membrane = Cathode = =— ¥»

ELECTROLYTE Carbon (Graphite, H, o,
_SEPARATOR ANODE (-) Graphen for LiB or \ .
Hard Carbon for NaB)
COPPER CURRENT
/] N
COLLECTOR constituting
materials J
Bipolar Gas diffusion Gas diffus} ik
Carbon (CNT, II-METAL plate Basket  jayer layer e
carbon black, CARBON .
conductive LITHIUM ION . . :
agent for . i dispersing metal and reduced cpatlng
CATHODE: OXIDES nanoparticles graphene oxide (I"GO) improved
increases = Less expensive imoroved proton conductivit corrosion
if:;::::i'sity Carbon (CNT,Graphen metal consumption 5 ﬁ d mec Ifanical o ertiesy resistance
(power carbon black...) = > Enhanced catalytic prop ,
powe conductive agent for tivit Reduce membrane permeation
density) ANODE: increases actvity
electronic conductivity
(power density) Fuel Cell / Electrolyzers .
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Cover all carbon studies required with automated, easy to use

and scalable solutions

... manage energy &
power density of
Carbon final device

rystallinity =
‘ I/l ratio

ties/additives contents
llic, oxygen, Nitrogen...

characterization
mandatory to...

... manage & optimize
production process from
raw materials

Conductive agent content
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https://www.horiba.com/int/scientific/products/detail/action/show/Product/partica-centrifuge-4395/

Example: crystallinity of the carbon materials

I/l; ratio = carbon crystallinity = cell energy & power density

Carbon Raman 4
spectrum

APGO I ™ \ 1,/1,:1.05

SuperCaps & capacitors @ High Ratio
) = more active area & active site

=>» High power density

Activated C

A=

8)
a) S .
o - < %}( (@ Sodium-lon Battery
T o= . .
J = Medium ratio
Graphite L/ig0.04  / s =» Combine good power & energy density
O
500 1000 1500 2000 2500 o — Also use for specific LiB (space...)
Raman shift(cm™) o %
D band: ~1350 cm™! = degree of
disorder/struct;,lral defect = Lithium-lon Battery = Low Ratio
G band: ~1580 cm™ = degree _Of o == = high electrical & thermal conductivity, high
level of structural order (graphitic =L == mechanical strength, high chemical stability
o I

content)

=» High energy density

.
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A full solution from sample preparation to automated data
=EWRIE
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n = ParticleFinder

Morphological

Automated data treatment
& report generation

XD 100 disperser=> information
sample on glass slide By HORIBA
w”g»g‘.gxrr -
. i XploRA 3
> - -
Multi well plate & no Laser 532 nm L |
Multiwell

sample preparation =
maximum analysis rate
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Fully automated data treatment built for battery application

One-click data analysis Fully customizable for each || A tomated & customizable
On multiple parameters: peak fitting, customer PDF report generation
QC check, D, G, D/G ratios and Can be adapted and modified
staftistics... to fit customers’ specific needs HORIBA

G band ‘ D/G
Graphitic structure | Carbon quality

D band . '.
Defects Data quality check \
\ 1 20 M .a\ &
| 20
‘ Satistical information '\ X )
DG
LN |H7ﬂﬂlhn

| ]
‘ Optical image '\ -
Tite NSQ_0607_1_8V_... |Date
instrument XploRA Plus Acq.time (8)
Accumulatons 1 Laser
SDO:U‘\;.(mv“{ {SUE 14 | N&I‘o‘(w’\)
Skt (ym) 100 Detector

Statistical distribution | Page 173

of D,G or D/G |

‘ Raman spectrum
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To go further: full solutions for all the battery value chain

| Next generation R&D =
_ #SSB, #Si Anode, #LiS #Black-mass .
Post-mortem 8.Recycling
studies Fail
Fall ~ oc Ialbs -
- - critical step
1.Materials for batteries Cell batch release
/, Mining & refining ' Cell testing
> -
#Li salt, #C (graphite),

#AAM, #CAM

.

Materials QC O : Pass

2.Parts processing & cell assembling O Te,,

Pack/module
disassembling

Cell assembling
O FORMING afmanagement
#Electrolyte 8 s
.. afety
#gjrizzze Mixing O 4 M OdUIe performances check
Electrolytefilling O (End-of-line)
Coating and dying O & cell sealing % q ®
Calendering O O O Modu{e assembﬁn \ /
Electrode cutting Assembling BMS integration...
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To go further: design full integrated solution for Hydrogen testing

Various analyzers and sensors are connected to the installed equipment to perform data
measurement. In addition to improving the efficiency of power generation, we also diagnose the
deterioration of fuel cells.

CAN communication for fuel

Waste heat utilization cellsOperation status monitor

Fuel Cell Temperature Hot water and heating Measurement of CO2 contained in fuel

and humidity cell exhaust (deterioration diagnosis)
measurement of , g

intake air _ ..
': IE
Use for fuel cells -

" Storagt v Measurement of NDIR Multi-Gas
ah';z:ﬁi';:: wanic | Hydrogen Consumption Analyzer

— JEasz VA-5001 (top)

Sampling unit

v 4 | |
T —— : / ' VS-5001 (bottom) 1

pH meter
UP-100
Measure the pH of wastewater

( ’ PTARS

Measurement of fuel cell
power generation
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Horiba your partner for materials characterization ... and more

1 Horiba: a full range of knowledge to provide advanced,

easy-to-use and automated solutions for carbon materials
characterization

O Characterize your materials = define final device performances
d pyRaman, AFM, PCA, Elemental analysis, gas analysis...

d From laboratories to full integrated process control
O With advanced software integration (Stars)

d For battery and hydrogen markets... but not only
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