— s,
Boh3
Your Innovation Partner

Eatds.

Establishment: February 20, 1987
KRI was founded on a 100% investment from Osaka Gas Co., Ltd.
modeled after SRI in USA. Osaka Gas still have 100% share.
Location: Kyoto (Head-quarter, Labs) and Osaka (Branch, Labs) in Japan
Sales: $ 30M (FY2023)
Almost all income are contracted project fees from private companies.
No governmental subsidy.

Employees: 180
Business field: Contract Research and Development

Scientific analysis, testing and evaluation
Technology survey and consulting

Kansai ﬁ
Area :

Osaka Gas (Daigas Group) 7 Osdh
% Second largest city gas utility (7M customers) in Japan, %?
within ten largest gas utilities in the world.
% Group: 140 companies, Employees: 20,000 (consolidated)
% The most aggressive gas utility company for R&D all over the world.

Contact us " o
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Your Innovation Partner

We solve your technical issue/challenges together

Research & Development/Evaluation/Analysis /Investigation

If you have any technical problems, please contact us first.

Let's think together and find a solution.
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Material
deterioration
analysis

Electronic Secondary Fuel cell,
device Battery Hydrogen

Environment, Process Evaluation, Planning, :

Material

Biotechnology Engineering Analysis Investigation

Contact us %
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KRI is not a consulting firm, nor an analysis & testing center, but a contract research company

which provides not only proposal of solution to clients’ technological issue but also executing its
experimental verification to move clients’ R&D forward.

You can outsource R&D under the same conditions as in-house R&D

Outcomes belong to clients
All outcomes/inventions obtained by contract research belong to clients, in principle.
Strict Confidentiality
Confidentiality of information is strictly maintained before, midst and after the
completion of the contract research project including information disclosed by clients.

We propose and verify accurate solutions to client’s technological issue

Highly experienced researchers
Researchers with various background and experience to solve technological issues
during industrial R&D day by day mainly on chemical field propose, experiment and
verify the solution optimal to the client goal.
Full complement of research equipment/facility
We install a full complement of experimental equipment including preparation, analysis
and evaluation and can execute various experiment and verification corresponding to
the purpose of clients. We also have partners to support us with further experimental
facility , if necessary. .

Contact us :’LE@
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] Secondary battery field of KRI ;;j KRI
EANBBo | vour mnovation partner

aboratory’  since 7998

apacitorLaboratory.

Solving research and development problems

related to materials and electrodes within 5 years. Evaluation of the potential of Materials

your own products

Main research themes  Composite materials, technologies to reduce as a material in a battery
resistance, pre-doping technology, capacitor-related

development, electrode formation technology, A Battery
development oftip evaluation methods Performance lm;_)rovement of .
Main clients Material developers, trading companies and public research institutes batteries DeSlgn

Battery System Laboratory

Supporting device development through the study of SOH diagnosis
device principles as well as formulation and verification

of hypotheses LIFE estimation

Main research themes  DPe€velopment of new devices (including design and prototyping), SAF ETY

safety element technology development, device design and
prototyping, development of life analysis methods,

development of methods for evaluating tip safety, assistance with
module and system development Modules/packs BM S

Main clients Device developers, system developers
Masti-ganarailon Batiarlas Haszuren Lagoraiory sines 2019 Contact us EE@

kri-enerqv@ml.kri-inc.io
Achieving practical use of next-generation materials and batteries in

compliance with the principles based on material technologies such as Material Informatics / Al

guantum and solid state chemistry
Main research themes  Research on next-generation active materials, solid electrolytes, R

molten salts, development of technologies beyond LIB
We discuss the possibilities of next-generation materials and pursue the feasibility of their creation at our clients’ side.

CONFIDENTIAL Copyright ©KRI, Inc. All Right Reserved.
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KRI's One-Stop Service for Battery Technologies aore KR'

g 2.- ﬁ¢ 5 % o Your Innovation Partner

Coherent development structure capable of R&D, evaluation and analyses of technologies ranging
widely from materials to systems — including next-generation technologies

Design and
development of
batteries and
capacitors

Design and

development of

IENUS) module system

Investigation of

technological trends Structure, deterioration and tip analyses
Evaluation of novelty

Basic characteristic evaluations, input and output characteristic evaluations,
reliability evaluations, life prediction analyses, and safety evaluation analyses

Support in design and development

Material field Energy Analysis and solution fields
Advanced

Intelligence & Advanced ' conversion ¥ Analysis
technology , y . » A
research Gisiay atolgls R b RS - research lab. g jasaarch

lab. / " capacitor lab. & center
dept. Material y New b ; Battery

i e 7" functional __y Next- evaluation & Mlgtrsjzc&tl:\rzno
Bl i d materials \ generation analysis ' :
Sine o research lab. | batteries lab. ¢ Lab. afalysis jab:

high-voltage DC
r sup

mapping image
Cutting-edge analysis and analysis technology

(TEM precession crystal orientation mapping)
Life is a cost

Contact us P
Design and syntheses of next-generation Next-generation negative Design and experimental Battery material evaluation Life and cost analysis o AR 9
battery materials (positive and negative electrode material production of electrodes technologies technology kri-energy @ml.kri-inc.jp ﬂ

~electrode materials and electrolyte solution) (b e e e (Continuous electrode coating device) ~ (materials and components)  (On-site life prediction)

AR e power supply Y ; 1 Development of safety =
o b evaluation technology an 1
s Clm ltf:]UOUS ls)’n "?SIS. PFOC;SZ) ) ‘. (New forced internal short-circuit)e Vi b
olvothermal synthesis metho ) ,
- , | Nanofiber synthesis Design and experimental production How long will this battery work when used in o ‘
Prior art research (electrospinning method) = of medium- and large-size batteries this way under this environment? Bt o )
(patents and oo _'_ﬁ (Note-shaped LIB) o N A g ;,5_ < ‘,
literature) e Crystal orientation TEM bright-field

Life simulation X

&
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Collaboration with KRI: .
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accelerate R&D, new ideas, solve problems Banns,

Your Innovation Partner

Evaluation of the potential of your own products as a material in a battery
= Fabricate battery that incorporates your own products

= Extract issue or characteristics of your own products

= Clarify positioning of your own products for the industry, draw up the effective sales data

Performance improvement of batteries Development

= Improve electrode output etc., capacity, rapid charge, life, safety, cost
= Improvement guidelines by separation of resistance components, analysis, deterioration analysis etc.
= Prototype battery

New battery materials and components development (advanced, next-generation, all-solid-state)
= Apply to all-solid-state batteries / to prototype all-solid-state batteries

= Search new battery material by Materials Informatics
= Develop new battery components (electrode, electrolyte, separator etc.)

Storage system best suited for your application

= Design outline of the system according to usage conditions, select a suitable battery
= Design module considering durability, safety, cost and prototype/evaluate storage system

Trend of the secondary
battery industry

= Know the trend of the
world secondary battery
market / battery maker

Accurate evaluation on durability, reliability and safety Know the latest
= Evaluate and predict durability under actual use conditions technology

= Know the mechanism and make it a development guideline development trends
= Evaluate the safety to the world standard and directly connected to the phenomenon

. . . Opini fi rt
Opinions from experts because you have problems with batteries

= Hear opinions because you have trouble with product problems in market
= Hear opinions because development guidelines are not clear, eventually from third parties

Receive support because development does not progress with just your own resources
= Compensate for unavailable resources: staff, technology accumulation, equipment e EE e
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Establishment of Battery Ecosystem Roh3
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Your Innovation Partner

KRI selected to collaborates with companies and research institutions rather than competing in the fields
of technology development, advanced analysis/analysis, prototype demonstration, small-volume
production, data analysis, product implementation, and measurement.

Therefore, KRI has built a “Battery Ecosystem" that provides all the resources necessary from research

and development to commercialization.

Advanced Testin
Technology 9
Business

Prototype / ,\ s
Verificatioh - KGR> q
Development "l

Research SEI cOrporation EHWBIAFL

Material Electrode/cell Battery System
CAPTEX

\ I , NAGASE Group
K RI ‘I \~ E N n X Small-scale

Micro VEHICLE LaB. prOdUCtion

Prototype

SEI Corporation | Battery Speciality Company

Data Analysis

BMS
Diagnosis / Operation

“TORAY’
Hisd ROV —Fz259—

Contract
Research

Battery System
Design

Unauthorized reproduction prohibited

ENAX, Inc. - Making the World Sustainable with Batteries

Contact us r?LE'
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ﬁ Secondary battery field : Past Record and Trends Ro»3
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Your Innovation Partner

Research and development services
based on lithium-ion battery and capacitor technology

Over 25 years of accumulated experience and know-how
Approximately 1,000 research and development projects

4 A

Systems

Track record Materials

. 58 companies
SafeéyM&SL Hie < p 405 > Battery Design
Cintotal

Separators
24 companies

(devices)
59 companies

Orders for evaluations in different categories are counted individually. )

KRI supports many companies in Japan, the US and Europe.

Contact us
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i?. Categories of Contract Research and Development = KR
in Secondary Battery Field Barns. |

We consider clients’ development and support needs from every angle to
propose the most appropriate projects

Investigation into

and deliberation on Experimental
COﬂtI’:Ct q commercialization propduction of
research an
- electrodes and
development |deas are the Yvnngs of technology Jevices
Manufacturing is the wheel _ |
KRI makes proposals of technology Customized experimental
lve clients’ : : production according to the
to solve clients Evaluation is the compass clients' development
problems P
of technology - objectives
A
Contract > 4 Ener C hl- hortry Contract
evaluation and OnV nRese a < evaluation
analyses T \‘ research
Clarification of features and Source: Shizukuni Yata, "Practical Evaluation Technologies for Li-ion Batteries and Capacitors," Deg ree of freedom of evaluation
Challenges Technical Information Institute, September 2006 Development support with close
Positioning in the market cooperation with clients
Third party evaluation Marketing assistance

< Contract research category: to meet clients’ needs for new technologies that clients cannot achieve by themselves = new technological
development

= Prototyping category: to meet clients’ needs for commoditizing their own technologies as electrodes or batteries = high level prototyping

< Evaluation and analysis category: to meet clients’ needs for clarifying the characteristics of and problems with their own technologies = support for
matching their technologies to market trends and market research

@ Evaluation research category: to meet clients’ needs for researchers with consulting ability in evaluation in their own develooment _

Contact us eE'
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ﬁl Collaboration with KRI: Confidentiality and IPRs gore KR'
Outline and Flow of Contract Research it i &)

KRI
\\/

Presentation of ideas

Inquiries and
proposals

The goal and required specifications

N d I I i hPrc|>pqsa| t?\f It<RI i Provision of one-stop
- . echnologies that matc d ice that ts th
on ISCIOSUre DO |CV. tr?e ek ‘:_ t::,?;:',‘;;}f,:s" serv:;i%m‘as rr"r;ggs e
Non-disclosure agreement
H 1 1 1 H 1 Establishment of a proposal
AII Info rmatlon d ISCIOsed by CI IentS IS ke pt StrICtIy covering the goal, content, schedule and cost Discussions
- . (Adjustment)
confidential. Offiial proposal

Commission contract
Contracting

Results of projects: Secondary battery field |z O"%S19P SSVICE | Material field  Analysis field

Unless agreed otherwise, results from work Interim report ---~- . RGPONGANd ). Confirmation of direction and progress
performed under consulting and research contracts
belong to the respective client(s).

Final debrief

Final report session

Patent applications

Completion
“  Tothe next phase

Confirmation of Project
Client Objectives and Specifications / Requirements Direction and Progress Patent Application

Initial Megtings / Research and ,
Initial Contact / E::} Disoussions,; 5> Further Meetings Formal Development, Report(s), i\/ Final Report b
Proposal(s) "~ Non-disclosure (Plan Adjustment) Contract Investigations and Meeting(s) Meeting
Agreement \ Consulting
KRI ! 9
3 4 | 24 ® ~.r ,ﬁ(
Brainstorming Draft Proposal  Final Written Proposal, | PRI S \‘A Interim Report  Final Report
Objectives, content, Contract Research Agreement -
schedule, costs, etc. ¥ i
Contact us ro L
oz
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=y Support for Technological Trends Investigation and .
i] Commercialization 2205

Your Innovation Partner

Clarification of the developmental directions of technologies related to next-generation electrical energy storage by

utilizing the expertise of researchers who have abundant experience in battery and capacitor development

Clients' needs and problems

A 4
Expertise of researchers Severl ap:slyézeghce()rgducted By Rllue th
® Abundant research experience ® Patents and literature investigation and analyses cag
® Connoisseur of technologies ® Market trend investigation O
® Know-how on electrical energy storage ® Interviews with intellectuals o
® Networks, etc.

o
Clarification of the approaches to issues and methods for solving them with added value such as business
plans of developed technologies
Proposals for concrete methods (proposals for contract research)

Design and development Evaluation of batteries Expenmental_productlon Design and development
of batteries of devices of systems

€ : d ideas I value kri-enerqv@ml.kri-inc.ip

® Trends investigation of next-generation secondary batteries Investigation into patents and Iiterature abqu_t battery systems and
® Investigation into the development trends overseas secondary components (separators, negative and positive electrodes, etc.)

Material development

battery technologies Investigation into market trends and needs related to secondary
® Feasibility study on next-generation technologies for secondary _ batteries :

batteries ® Support for the_research and develqpment and business development
® Battery performance analyses using disclosed information: of next-generation secondary batteries

® Consultation on secondary battery technologies, etc.

CONFIDENTIAL Copyright ©KRI, Inc. All Right Reserved. A
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Evaluation and Analyses Associated with e KRI
Electrical Energy Storage Devices srr9s | LMD

Evaluation is the compass of technology. Why not discuss the directions of
technological development and possible markets for your technologies with us?

KRI’s evaluation is not simple routine work starting with the prototyping of electrodes followed by
the prototyping of batteries and ending with data acquisition and provision.

Although planning and manufacturing are important factors in the research and development of a device,
having quick and appropriate evaluation technology and know-how is considered to be the more
important factor that determines whether a device will be able to survive in what is expected to be an
intense research and development race. *

* Shizukuni Yata, “Practical Evaluation Technologies for Li-ion Batteries and Capacitors,” Technical Information Institute, September 2006

Promotion of research
and development

Ideas Developmental directions

Manufacturing Research policies

® Clarification of the features and challenges with materials

. . . L . Positioning IO TS
and devices, understanding of their positions in the
. . . Det inaf T
markets, and developmental directions of the technologies commerciaization
. . . . . . Commercialization
® Discussions with clients about the materials and devices support

from the viewpoints of an evaluator and analyzer

® Abundant past records of evaluations and analyses
of materials, components and devices for
batteries and capacitors.

CONFIDENTIAL Copyright ©KRI, Inc. All Right Reserved. krl-enerqv@ml.krl-lnc.m :
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i?. Outline of KRI’'s Evaluation Associated with — W5, KP\I
Electrical Energy Storage Devices Barne. | LA

For battery-related evaluations, it is important to comprehensively analyze each level of evaluation data.

v'What characteristics do the materials used for the devices need to have?

v What are the key points in electrode development that would enable us to take advantage of
the material’s characteristics?

v What are the material and electrode factors that determine device characteristics?

Device - Capacity, output, durability
level _DEVICES : temperature characteristics,
(batteries or capacitors) safety and cost
Sire, shape, gag|
Assembly e
/ T 1 \ valves, et
Positive Megative ||electrolyte]| Separator, iamic comductiiy ]
Cmgﬂem electrode || electrode || solution etc. Elecérlggte;;:sw Electiic T:P;GW
peermiEvEy ICKNESS
conductivity Viscosiy Air permeabilty
Uniformity RS | ﬁwm
Strength e i

Production Production

Material
level

Capacty (Fig)
Paride size disiribusion
Powder densiy
Micropore distribusion
elr.

Posive eleciade
acive materia
Binder
Binder
Sleciical condacing
e

Shizukuni Yata, "Practical Evaluation Technologies for Li-ion Batteries
and Capacitors,” Technical Information Institute, September 2006

The characteristics of electrical energy storage devices result from a complex and multilayered relationship among the component level
characteristics of electrodes, electrolyte solution and separators as well as the material level physicality of the materials used as positive and
negative electrodes. We clarify the problems specific to the electrical energy storage devices after comprehensivelv analvzina and understanding the
complex and multilayered relationships by utilizing KRI's accumulated know-how. Contact us E’E
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KRI’s of customized support services Rons

Eatsdd.

nnnnnnnnnnnnnnnnnnnnn

Our 30 Years of Battery’s R&D Insights help your innovation

New Product, R&D support, Prototyping, Benchmarking,
System design, BMS, Life, Safety

Applying Al and technology in material analysis
and testing

Cell Assembly & Testing support -
Cell assembly & testing - For different applications g
including EV, ESS & CS

Material Testing & Material development I

Battery Testing, R&D
Research and development evaluation and
analysis on battery and capacitors

Battery material solutions (R&D and production) -
Battery failure analysis and solutions, ==
new companies can expedite their establishment process

NN N

Contact us %E@
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Advanced Battery and Capacitor Laboratory Ronz

Holding Technologies and Facilities ERTLLE

Your Innovation Partner

Support for problem-solving research and development of materials, components and
electrodes of secondary batteries (LIB, etc.) and capacitors
Supporting solutions of development problems that clients cannot solve by themselves.

Developmental support through evaluation research
Supporting clients’ development from the standpoint of evaluators, provision of directional
guidelines for technological development and marketing support.

Contract evaluation and analyses of materials and components for batteries and capacitors
Clarifications of challenges and futures as well as identification of positioning in the market

We own all types of facilities necessary to develop the materials and components associated
with electrical energy storage devices.
& Please consult us for a tour of these facilities.

» Synthesis furnaces of several types of atmospheres and CHNSO microelement
analysis device

» Pulverization, classification and particle distribution measuring devices

+ Pore distribution measuring and analyzing device: QSDFT method analysis

» Planetary mixer, rotation and revolution type mixing and deforming device, nano
disperser, etc.

+ Thin film revolution type high-speed mixer and roll kneader

» Continuous electrode coating device and (cold and hot) rolling press machines

* Ar atmosphere dry box capable of vacuum drying process at 600°C

* Dry room II for prototyping and analyses of electrodes at low dew points

» High speed data logging charge-discharge test machine

» High precision charge-discharge test system for "current-rest-method" and
deterioration analysis

+ XPS (non-exposure), XPD, (In-situ) EF-SEM (non-exposure), IR (non-exposure),
AFM, DSC, 3-D thermal diffusion coefficient, etc.

Contact us r}LE'
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Facilities (Kyoto) 8oh3

Eatsdd.
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> We own many types of facilities
& Please consult us for a tour of these facilities.

» Synthesis furnaces of several types (Max1700°C)

» CHNSO microelement analysis device

 Pulverization, classification and particle distribution
measuring devices

» Pore distribution measuring and analyzing device: QSDFT
method analysis (N2, Co2, O2)

* Planetary mixer, rotation and revolution type mixing and
deforming device, nano disperser, etc.

 Thin film revolution type high-speed mixer and roll kneader

» Continuous electrode coating device and (cold and hot)
rolling press machines

» Ar atmosphere dry box capable of vacuum drying process

* Dry room I for prototyping and analyses of electrodes at
low dew points

» High speed data logging charge-discharge test machine

» High precision charge-discharge test system for "current-
rest-method" and deterioration analysis

« XPS (non-exposure), XPD, (In-situ) FE-SEM (non-
exposure), IR (non-exposure), AFM, DSC, 3-D thermal
diffusion coefficient, etc.

Contact us E‘[EW
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» Prototyping facilities for small, medium and large-size batteries

» Ultrasonic and resistance welders
* Vacuum immersion device
* Dry room, Ar atmosphere dry box (prototyping of batteries and

» Charge-discharge test system: 5 to 72 V/pA to 400 A maximum
* Module charge-discharge test building (Osaka)
» Several constant temperature tanks: from -40 to 100°C, anti-

» Small-size battery safety evaluation and analysis device (Kyoto)
* Medium and large-size battery safety evaluation and analysis

Battery System Laboratory —we,

Holding Technologies and Facilities Earbs,

Innovation Partner

Your

Structural design of medium and large-size lithium ion batteries and research and
development of processes

Prototyping of electrodes, devices and systems
Life evaluation and analyses of electrical energy storage devices (algorithm for analyzing
Safety evaluation and analyses as well as safety mechanism analyses of lithium ion

Technological support for development of battery modules, packs and systems (system
design support, utilization of base battery technologies and evaluation support)

We own all types of facilities necessary to develop the materials and components associated
with electrical energy storage.
& Please consult us for a tour of these facilities.

(for cylindrical, laminated and hard case types)- - - SEI

dismantling of medium and large-size batteries)

explosion type

device(Osaka i
( ) Contactus Gl
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KRI's New Safety Test Facilities: Large cell, Module, ASSB, etc.

Completion: August 2024

Measurement

Contact us %’
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0000 Earhda.

When you face some technical issue, try KRI.

» You lack the in-house experts and equipment to solve technical issues.
KRI’'s expert researchers find out the essential issue using their specialty background through hearing,

Your Innovation Partner

and propose its solution and verification approach thereof. You can utilize KRI’s researchers and
facilities temporally as if you conduct in-house without arranging researchers and equipment.

» You cannot find a way to resolve technical troubles.
Many contract researches are aimed to resolve technical troubles during not only R&D but production
and commercial services. Therefore, KRI’s researchers experienced much cases. Even when you face
unexperienced troubles and have no idea how to deal them, you can find an appropriate way to
resolve them by KRI’s trouble shouting know-how and accurate analysis.

> You need to find a breakthrough for in-house R&D.
In KRI, researchers of various technical fields are ordinarily searching and generating new ideas.
You can find a breakthrough for in-house R&D by discussing with KRI's researchers.

» You want to start research right away and you want results fast.
KRI retains experienced researchers and facilities, and so proposes an appropriate plan immediately
and readily executes experiments to provide accurate results soon. You can shorten your in-house
R&D period cost-effectively, even when your research resources are fully occupied.

» You find risks are too high to invest a large cost without reliable data.
Since the cost of KRI’'s contract research is based on sold time (occupied time) of researchers and
facilities, you can try a high risk R&D project at a limited cost. Most clients divide R&D project into

several phases, and contract and execute the R&D project step by step for cost-effective risk-takina.
Contact us
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ﬁl Roadmap for the development of next generation LIBs iZ@KRI
Development Roadmap (KRI 2025 Edition)

| Pre-doping Technology

: Next generation PAH s
1000mAh/g 1500mAh/g .
Si-based+Carbon Si-based 1

Smaller size (Mix, Composite) L ¢ i

Higher capacit 500mAh/g  800mAh/g 1000mAnh/g 2500mAh/g
y Robust sfructure (scaffolding material)  SEI control DOD
A (Electrode structure design, Conductive matenial,
@ Additive material, Binder / Psei

—_=

-

=2

=35 900}

> > Solid electrolyte system 3
= o Curr system
g S 800 Peristrmance High voltage durability

N =t
>~E 700 4.4V Surface structure control SR
% g ‘ esource Conservation 4

g % 600 5 High Nif High voltage b Li-rich cathode(LMR)

= 170mAhlg  220mAh/g 250mAh/g  350mAh/g
500 - g "Co Ni F -free
60 o/{ Fast Charg’ng/ LOW&F V?Itage.LFe LTO B NTO ...LMF Processenergy
Design margin / Low temperature Uniformity of reaction saving
Svstern Safet _long life (Materials, Electrode structure, Recycling
ys I‘ig::toar e, Hard carbon, Separator structure, efc.)

tes (Single-ion conduction)

Solid electrolyte system
::> SOH / SOS diagnosis and Understanding of battery limits

Long-life operation, Operation to avoid sudden deterioration,
Understanding and preventing thermal runaway
Understanding and controlling safety limits

SOH, SOS, peration
100 © Fire prevention and long-term safety

Fast charging/Durability/Safety

Contact us
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Life Estimation o

Eatsdd.

nnnnnnnnnnnnnnnnnnnnn

Required life of small batteries used in small devices: 3 to 5 years = Required life of large
batteries used in mobile and stationary bodies: 10 to 20 years

On-site life: How long will this battery work when used in this way
under this environment?

What will the degree of deterioration be
20 years from now?

What conditions would enable the
battery to work for 20 years?

Secondary
battery

Life is cost.
Life simulation & Cost simulation

Contact us E'IE@
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Boh3

Electrical Energy Storage Devices B1ras.

R

Your Innovation Partner

ﬁ' Safety Evaluation and Analysis Technologies for —#as.

KRI has been helping to analyze and resolve lithium-ion battery safety
issues for over 25 years.

repeatedly test
*, Nodular whether or not
even though they do not ignite individually cells ignite?

T2

Causal analyses
Verification of
hypotheses
Improved design

el IWPBLHESES ) onrcausal anaIyS|s
(data analy3|s dlsmanthng jnvestigation; chemicalanalysis, FTA analysis, etc.)

Battery design: capacity and energy density Module
s i A bl O i
Battery shape: mat'er.lals, strength and heat ey JCase | como peration | e,
radiation properties structure tions
Cell structure: lamination or coils, current collection g
and safety mechanism i S ez“ ——
Electrode design: weight per area, specific heat Electrode [ pody —[collection | Fderor | - Saky
: esign | structure | structure | 98SI9N | mechansm
and volume of electrolyte solution
(porosity)
Separator: thermal physicality, strength and EEE,%%:tenals — " —
A denldrll't‘e |nh|:o|t|r?n ectiode jocyrolyyef electrod ISepam, onduesng| Binder | oHTent
ctive material: thermal characteristics, ial L
conductivity and surface treatment L
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Development Support through Analysis for Electrical
Energy Storage Devices

— w5,
Boh3
BEArDH 5,

R

Your Innovation Partner

Provision of accurate analysis results using data analyzed from different angles

Full range of sophisticated and speedy support of battery-related development in collaboration
with analysis, material and battery engineers

papprophateranalysistmethodsraccordingiteranalysis objectives

We can propose appropriate analysis methods depending on the objectives of example solutions of development
problems or product troubles.

[Image of our proposals for analysis]

Analyses of detail structures of Analyses of chemical structures of Analyses of the states of |qterfaces . . . N
ositive and neaative electrodes electrolvtes between electrode materials and Analysis of constituent material deterioration
P 9 y electrolytes
High potential and high capacity Improvement in efficiency, input and
Analysis . A L . output -
T material development, high input and | Improvement in input, output and durability . L . Improvement in life and safety
objective outout material develooment (Side reaction inhibition and interface
p p resistance reduction)
L . . Chemical alteration of constituent materials such as
Clarification of the effects of shapes, | Clarification of the effects of complex Clarification of the relationship of the positive and negative electrodes and electrolytes
Item to be ultrastructure and interface structure | structure, binding strength between Li* and interface states with lithium ion insertion or | Relationship between material quality changes and
analyzed on electrode characteristics (potential | counter i(’)n on Li-ion conductivity and desorption reaction battery life
Y . P y Clarification of the effects of SEI formation | Analysis of deterioration mechanisms
and capacity) transference number. state Dismantling and deterioration analysis of large
batteries
XRD, Raman 7Li/"3C-NMR (Li-ion diffusion speed) I)?I;SSIteA)I(E%D"I'I;T:TSaIrI:/IS
Analysis SEM, TEM (Precession, 3D) "H-DOSY-NMR (coordination structure and | XPS, AES, TOF-SIMS SEM‘ TEIVi
y TEM-EDX, FE-EPMA (Mapping) temperature change) AFM ’
method . TEM-EDX, FE-EPMA
DSC/TG-DTA IR/NIR, Raman (Mapping) Terahertz spectroscopy TG-GC/MS. DSC/TG-DTA
"Li/*3C/Si-NMR, ESR, XAFS UV-vis-NIR, XAFS, Terahertz spectroscopy 71 113290
Li/13C/2°Si-NMR
Analysis
device
FE-EPMA TEM Precession XPD NMR
(Chemical state mapping)  (Crystal orientation mapping) (Powder, thin film, In-situ)  (Multiple nucleus, low temr
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Boh3
(XPS, FT-IR, SEM: Non-exposure) SELLES
Surface analysis technology is a key factor for future battery material development
Our researchers who have expertise in battery and materials and abundant
experience in contract research will support the analyses of the changesip .
surfaces and interfaces of battery constituent materials. . separation method

—Comprehensive support for problem solving— . SEJ?Q&WJEH/

\

Surface Analyses of Secondary Battery Materials s

Your Innovation Partner

® \We analyze the elemental composition of the surface layer to a few nanometers in
depth, the binding (oxidation) state, and the film formation state mainly with XPS and

with the materials unexposed to atmosphere. (Improved accuracy is available by 923 ’ pe = 4
combining TOF-SIMS or FT-IR analyses.) \ depth(nm/sio2)
® \We clarify state changes including chemical reactions on the surfaces and
interfaces of constituent materials from the viewpoint of material chemistry in addition Gorbined
to charge-discharge profiles and electrochemical analysis data. including: = .
Raman
B Features of our surface analysis technology Sielf NN “SEl
®Sampling without exposing materials to atmosphere =
© Capable of obtaining SEI film thickness and composition information ’ 5
(Depth prOfile anaIySiS) Analysis through O1s and F1s waveform
® Capable of obtaining information on the surface structure of electrodes wsepara;i;r; mﬁhq{
direction
® Comprehensive analyses by analysis and battery engineers ]
® Comprehensive analyses of information on the changes in material and ”
electrode structures as well as electrochemical characteristics i
® Examination of how to solve problems on the basis of estimated deterioration N
mechanisms —
® Advanced battery evaluation and analyses such as capacity and resistance ° % 20 w0 60 80
behavior analyses Example of negati\:::::::/tsrjglc,]e SEIl component
® Discussions on material surfaces that improve battery life and safetv __=eparation of KRI standard NMC/Black lead

ContaCt us series cell (after 250 cycles at 50°C)
CONFIDENTIAL Copyright ©KRI, Inc. All Rigl kri-enerqv@ml.kri-inc.in
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ﬁ' Examples of Material Analyses Associated with —#as.

Electrical Energy Storage Devices B1ras.

2 KR

Your Innovation Partner

Performance development and mechanism analyses of electrical energy storage devices

Clarification of structural characteristics affecting charge-discharge characteristics and causing
deterioration by utilizing original anaIyS|s technologies

1)) ArgEe=diSChiarge mechanism of
caroon negatlve Electrodes

IelenerationImechanism:of
| negatlve electrodes

Multidirectional analysis and evaluation using

various analysis methods
® RAMAN, TEM and ESR
Correlation between Li doping amount

Mapping of Li in negative . . .
electrode by TEM-EELS and spin E‘g‘,g%";{:‘;‘;gg};‘g'”ed from

Eccentrically located Li PAHS ——

concentration

.
MOom W e e e e

Doping capacity (mAh/g)

X_ray com p uted Evaluation of interlnal structurg of negative.
tomog raphy me tho d electrode by three-dimensional image analysis
electron beam tomography, ., &
image analysis mece AN
® Quantitative determination
of filling
rates and porosities of e
electrodes and separators  processing
® Numerical conversion

of particle diameters ! o
and dIﬁUSIOn StateS Of Na“an?;;?sa' Filling rate (porosity), orientation,
structural component particles surface area, etc.

CONFIDENTIAL Copyright ©KRI, Inc. All Right Reserved. kri-energy@ml.kri-inc.j

- ¥ - Anode active
| material
| (black lead)

Structural analysis with

a mu It"fu nCt|Ona| X_ ray Li insertion irg;) ji:rzgi;:éive electrode
diffractometer Swengt) LisSi K1)
® Capable of tracking R e ool
structural changes at variable -~
temperature settings —U | U PV
® Capable of atmospheric T us TN e
control =

0 » Fal %6 m 30
28 ideg)

In-situ XRD spectrum of Si negative electrode
being charged

State analyses of ions by
NMR

® Analyses of Li insertion ;
states by solid NMR low e
temperature measurement
® Analyses of electrolytes by

molecular diffusion cone S
measurement
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Support for Safety Development of Batteries

. R
Boh3
BEArDH 5,

R

Your Innovation Partner

Causal analyses of hazardous events and proposals to improve safety

o Step 1: Effects of materials

Thermal behavior (exothermic
temperature, impetus, calorific value)
Redox properties (reaction voltage and
current)

Material physicality
Equipment analyses
Electrochemical evaluation

- - Influence rates of
®Step 2: Examination of the effects of mcspective events i
electrode design

Active materials and their compositions

J

X . Oxidation side voltage
Overcharge of basic evaluation cell

ﬂ

Improved
measures
Condition

changes )

behavior
Voltage behavior at positive and negative Negative electrode side
electrodes reaction step
®Step 3: Examination of the effects of i Eres s Cleash mproved
. . ; ur
battery basic design : even Gl J
Separators, electrolyte solution, additives, etc. —p

Evaluation of material structure system
Characteristics of each abnormality mode
State analyses by dismantlement
Estimation of the effects on actual battery
capacity

Parameter behavior
(voltage, current, temperature,
gas)

Internal state

Influence rates of
respective events

®Step 4: Evaluation and analyses of
actual capacity cells

>

Evaluation and analyses of battery safety
Electrode design: effects of weight per area, porosity and
conductivity
Electrode body: effects of lamination, coils and WDH ratio
Constituent components: effects of separators and
electrolytes
Exterior design: effects of cylindrical shape, square shape
and lamination
Safety mechanism: effects of safety valves and CID effects

heat storage property
resistance
heat radiation property

discharge rate

Control condition, opening pressure,

Improved
measures
Condition
changes J

-1 1y

Specific heat, thermal distribution,
volume of electrolyte solution
Thermal dispersion, gas passage,
Heat resistance, shut-down, flame

Gas generation deformation, restraint,

Impact of heat

Il

®Deliberation of the effects of increased size

Study on the effects of increased size through original
model tests
Study on the effects of heat radiation and pressure

liberation of the effects of modularization
CONFICERF

Improved |
[ measures
Impact of

Condition
changes

enomenon]

Designof smallbateries: ncrease
s the size of

-» 4

Relationships between setting pressure of
asafety valve and phenomena

(Gpenapressuel o1 upa gsupa 07 wP
R

&

ot

1.0 M
Ignition nemmn and
igniti

dT/d

= Gy
— — mmanm @.
— @ i -

Tithium fon battery: Parameter behavior
in an overcharge test

Voltage increase

Charging rate [%]

[ il N

Positive electrode
Current collector
I

\Electrolyte sol[

Class 4 hazardous material
Class Il petroleum

Burnins
ignition
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Your Innovation Partner

Please refrain from using or reproducing the photographs and drawings

in this document without permission.
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