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Product Overview

Graphene is a novel material composed of a two-dimensional planar
structure made up of single-layer carbon atoms.

Carbon atoms are arranged in a hexagonal lattice.

Graphene exhibits the highest mechanical strength, electrical conductivity,
and specific surface area among all known materials.

N - 14

Strength

200x of steel

N

Flexibility

Tensile strength 20GPa
Excellent elasticity
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Electric conductivity

100x of copper

N 4

Transparency

IP transmit 97.7%

Thermal conductivity

2x of diamond

4

Electron mobility

100x of silicon
200,000 cm?/Vs
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P’

Specific surface area

2,600 m#g

-y

Barrier

Excellent barrier
Hydrogen atom



Product Overview e

LPR Global offers eco-friendly, high-purity graphene materials designed for
advanced industrial applications such as batteries, coatings, lubricants, rubber,
polyurethane, concrete and asphalt reinforcement, and composites. Backed by
over a decade of development, our graphene is produced using a scalable
exfoliation method that overcomes the limitations of conventional CVD-based
production. This enables consistent quality and cost-effective
commercialization, making high-performance graphene accessible for real-
world use across multiple industries.

Enhancing both thermal and mechanical performance across batteries, lubricants,
coatings, and lightweight structural materials.

81 ¢

Silicon Anodes Polymer Composites

o B =

PU & Rubber Construction Materials

Lubricants & Oils Coatings
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Technologies S

Our graphene materials are produced from natural graphite through two distinct
methods. To obtain multilayer graphene flakes, we use a top-down exfoliation
process that physically separates the graphite layers without structural damage.
For graphene oxide (GO), we apply a direct oxidation and exfoliation method that
introduces oxygen-containing functional groups while breaking apart the layered
structure. Both processes are conducted under ambient conditions with patented
method, enabling safe and scalable production of high-quality graphene materials
suitable for large-volume supply across a wide range of industrial applications.

Ingredient . Graphite
e R

Graphene Oxide(GO) Reduced Graphene Oxide {rGQ)

Graphite

We directly “Oxidize and Exfoliate” Graphite to produce Graphene Oxide.

& Key Features

= Graphene is produced by exfoliating graphite through a top-down process

= Graphene oxide (GO) is produced by directly oxidizing and exfoliating graphite

= Both processes are conducted under ambient conditions without high-
temperature treatment

= Ambient processing enables safe, scalable production of graphene materials
with over 95% purity, suitable for industrial commercialization
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Technologies

A comparison of traditional vapor-based methods and our exfoliation process

Category
Key Process
Process Condition
Process Safety

Eco-friendliness

Production Time
Cost Efficiency
Product Quality

Conventional Method
Vapor reaction
High temperature
High risk

Low / High CO, emissions
Dangerous chemical involved

Long and complex
Low due to multi-step processes

Inconsistent

LPR’s GRAPHENE
Chemical exfoliation
Ambient conditions
Low risk

High / Low CO, emissions
No dangerous chemical involved

Short and streamlined

High due to automation

High and consistent

Our surface-modified graphene achieves stable dispersion in both polar and non-
polar systems, enabling uniform mixing with water, alcohols, oils, and resins. This
ensures consistent coating quality and compatibility with spray processes
requiring fine particle distribution. By addressing the long-standing challenge of
poor dispersibility, our graphene expands beyond niche uses and is now suitable
for broad industrial applications where reliable formulation integration is essential.

@ Key Features

= Compatible with polar and non-polar solvents including water, alcohols, oils, and

resins

» Maintains dispersion stability without re-agglomeration during storage and mixing

= Enables uniform particle distribution for consistent coating quality

= Fine particle size supports efficient spray coating applications

= Ensures reliable formulation and performance across processing conditions

= QOvercomes dispersion limitations for broader industrial applicability

LPR GL@BAL
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Technologies S

Our graphene materials form nanocomposites such as core—shell and multilayer
structures, combining with metals, oxides, polymers, or carbon to enhance
conductivity, interfacial stability, and durability, supporting use in energy
storage, structural reinforcement, and chemically resistant composites across
diverse industries.

& Core-Shell Structure

Shell : Graphene, BN, Ag, Polymer
Core : Cu, Si, C, Polymer, Al.O:

The core—shell structure encapsulates active materials with high-performance
shells such as graphene, Ag, or BN. Compared to conventional dispersion-based
systems, This design significantly enhances conductivity, chemical resistance, and
interfacial stability.

& York-Shell Structure

Dynamic

e Remaoving
Polymerization

Palymers

Seed : §i, Si0, Alz:O: BN, Zn0O
Pulp : Polymer, C, Graphene, CNT

The seed—pulp—shell structure incorporates an intermediate matrix layer between the
seed and the shell, offering improved durability, multifunctionality, and long-term
stability, especially ideal for high-capacity, expansion-prone materials like silicon
anodes.
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Applications: Silicon-Graphene Anodes S

@ Technical Challenges of Silicon-Based Anodes

Silicon is a promising anode material due to its ultra-high theoretical capacity,
over 10 times higher than that of graphite. However, its practical application
remains limited due to the following challenges:

Severe volume expansion during charging leads to particle cracking

Unstable SEI layer from repeated expansion causes capacity fading

Low electrical conductivity restricts fast charging capability

Poor mechanical stability under cycling stress reduces lifespan

Binder incompatibility leads to delamination and slurry instability

SEI Unstable SEI
Charge Discharge Cycles
Silicon ~—* s — —
Silicon
Pulverized Si

4 Our Graphene-Enabled Solutions for Silicon Anode

Graphene encapsulation mitigates silicon's volume expansion, prevents particle
pulverization, and stabilizes the SEI layer, enabling enhanced structural integrity,
improved conductivity, and extended cycle life of silicon anodes.

WD

Image shows the uniform graphene layer coated on the surface of silicon particles.

LPR GLEeBAL Copyright © 2025. All Rights Reserved.



Applications: Silicon-Graphene Anodes

€ Key Benefits in Silicon-Based Anodes

= Graphene encapsulation limits Silicon expansion and prevents pulverization

Encapsulated structure resists cracking during cycles

Porous graphene network enables fast Li-ion transport

Enhanced charge transfer lowers resistance, enabling high-rate performance

Uniform graphene coating improves conductivity and current flow

Stable SEI and structure extend cycle life, retaining capacity under stress

¢ Comparison with Other Silicon Anode Technologies

LPR GL@BAL

/ Si-Graphite Composite \

Nano Si

Graphite

* Low capacity

Q’oor cycle life /

/ Functional Nanographene \

* Non-uniformed coating of graphene

/ CVD Method

* Expensive

KDangerous

~

&

Our Sil-GRAPHENE
Composite

* Micro graphene disperse uniformly over Si
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Application: Lubricants and Coatings S

Our exfoliated graphene materials deliver multi-functional performance in both
lubricants and industrial coatings. Engineered for excellent dispersibility in non-polar
oils and solvents, they offer durable anti-wear, thermal, and anti-corrosive effects
across film-forming and oil-based systems.

# Key Benefits in Oils and Coatings

0 Stable Dispersion in Non-Polar Media

= Uniform stability in oils, solvents, and resin systems without surfactants
» Long-term suspension without sedimentation

+¢+| Heat Dissipation and Thermal Conductivity
1))

= High-conductivity flakes improve heat transfer in dynamic or enclosed
systems
= Suitable for electronics, bearings, and heat-prone surfaces

C Anti-Corrosion & Surface Protection

= Prevents oxidation and moisture intrusion by forming inert surface layers
= Extends equipment and material lifespan under harsh environmental
exposure

%E? Friction Reduction & Lubricity

= Naturally low surface energy reduces wear and sliding resistance
= Effective as both boundary lubricant and dry filler

@ Anti-Static & EMI Shielding

= High electrical conductivity enables static discharge control
= Useful for coatings in electronics, housings, and sensitive packaging

0
\3.;. Anti-Fouling & Surface Cleanliness

= Resists biological and particulate adhesion
= Maintains performance in marine, humid, or dirty environments
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Application: Lubricants and Coatings S

€ Lubricants and Oils with Graphene Additives

Graphene additives provide multi-functional performance in lubricant and process
oil formulations, replacing legacy materials such as ZnDPP, MoS,, and boron
compounds. These conventional additives are under regulatory scrutiny due to
their sulfur, phosphorus, and heavy metal content. In contrast, graphene delivers
metal-free, surfactant-free dispersion and maintains stability under thermal and
mechanical stress.

¢ Key Benefits Over Conventional Additives

= Free from sulfur, phosphorus, and heavy metals

= Friction and wear reduction without solid residue formation
= Stable dispersion in polar and non-polar base oils

= Thermal conductivity enhancement for heat dissipation

= Long-term suspension without sedimentation

@ Lubricant/ Oil Application Examples

Compressor Oils

= Friction-Reduction
= Heat Dissipation

Gear Oils . Engine Oils
= Anti-Friction e : ™ _| = Anti-Wear
= Shear Stability .. & // = Thermal Conductivity
Graphene-
Enhanced i
Hydraulic Fluids //’\ Applications | *~..| Process Oils
= Wear Protection l = Uniform Dispersion
= Thermal Stability _ _ " Reinforcement
= Shear Stability Metalworking Fluids
= Lubricity

= Tool Durability
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Application: Lubricants and Coatings S

€ Industrial Coatings with Graphene Additives

Conventional coating additives such as zinc phosphate, strontium chromate,
carbon black, and PTFE/MoS, are widely used to improve corrosion resistance,
conductivity, or surface durability—but they often contain environmentally
restricted substances or require high loading levels. Graphene offers a next-
generation alternative, delivering multi-functional performance with minimal
dosage and excellent dispersion stability.

¢ Key Benefits Over Conventional Additives

= Free from heavy metals, halogens, and PFAS-type substances

Corrosion protection and barrier formation without chromates or zinc-rich primers

Stable dispersion in solvent and water-based coating systems

Thermal and electrical conductivity for heat dissipation and EMI shielding

Simultaneous anti-fouling and low-friction properties in a single additive

€ Coating Application Examples

Anti-Corrosion

= Salt Spray Durability
= Chromate-Free

Water-Based Barrier EMI Shielding
= Solvent Compatibility e : ™ Rk Electrical Conductivity
= Uniform Dispersion .. & _--7 | = Signal Attenuation

Graphene-
Enhanced i

Low-Friction //’\ Applications ) “~<.| Thermal Coatings
* Slip Enhancement ) . Thermgl C.onc.luctivity
» Wear Resistance ] ] = Heat Dissipation

Anti-Fouling
= Cleanability

= Non-Toxic Fouling
Resistance Surface

11
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Application: Construction Materials S

Graphene is receiving growing attention in construction materials such as cement
and asphalt. Its unique properties enable enhancements in strength, durability, and
environmental resistance, making it a promising additive for next-generation
infrastructure. The key reasons for its adoption are illustrated below.

€ Why Graphene Matters in Construction

Graphene strengthens concrete and asphalt,
Carbon Reduction reducing material use and CO, emissions for
sustainable infrastructure.

AN

Enhances early strength, impermeability, and
Modern Construction lightweight properties to meet advanced building
requirements.

J\

Improves strength, heat resistance, and
Extreme Performance durability for demanding structures like nuclear
plants, freight roads, and high-speed systems.

\.

® Key Benefits in Concrete and Asphalt

= Graphene reinforcement improves compressive and flexural strength

= Barrier formation reduces permeability and enhances waterproofing

= Crack-bridging action limits crack initiation and spread

* Thermal stabilization increases resistance to heat, oxidation, and aging
= Matrix densification enhances durability and abrasion resistance

= Uniform dispersion improves fatigue and deformation resistance

= Workability enhancement boosts flow, hydration, and early strength

12
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Application: Construction Materials-Concrete &

& Graphene Performance Test in Concrete

Graphene has been widely studied for its positive impact on cement, consistently
improving mechanical strength, durability, and hydration behavior. A notable field
application by the University of Manchester and Nationwide Engineering
demonstrated that graphene-enhanced concrete, branded as ‘Concretene;’
achieved a 30% increase in strength, enabling a 10—-20% reduction in both
material consumption and CO, emissions. Even a small amount of graphene
oxide can boost cement strength and workability, with data clearly identifying the
optimal dosage for practical use. (Composites Part B, 2019)

Source: Birenboim, M. et al. (2019). Reinforcement and workability aspects of graphene-oxide-reinforced
cement nanocomposites. Composites Part B: Engineering, 161, 68—76.

Ordinary Cement

Compressive Strength
—— Flexural Strength
—— Flow

Relative Properties

0.8 4 ___————.

0.6

o] Q.05 0.1 0.15 0.2 0.25 0.3
GO [wt%)
Effect of GO Dosage on Relative Properties of Cement Composites

¢ Key Features

= Compressive strength improved by up to 40% with GO reinforcement

= Flexural strength enhanced by up to 70% at optimal GO dosage

= Optimal performance observed at <0.05 wt% GO

= Excessive GO caused agglomeration, lowering workability and performance

= GO addition improved hydration reaction and cement matrix densification

13
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Application: Construction Materials-Asphalt &

& Graphene Performance Test in Asphalt

Graphene’s role in asphalt enhancement has gained increasing attention, not
just in laboratory studies but also through real-world pilot applications. Research
published in Sustainability (2021) showed that incorporating graphene
nanoplatelets (GNPs) into asphalt mixtures led to notable improvements in
rutting resistance, stiffness, and fatigue performance, with optimal effects
achieved at 0.5-1.0 wt% loading. Field trials like Genable™ Pavement (UK) and
Gipave asphalt (Italy) confirmed longer service life and reduced maintenance.
Even at low doses, graphene improves durability, moisture resistance, and aging
stability, ideal for high-performance roads.

GNP Content Rutting Resistance Fatigue Resistance  Stiffness Modulus
(Wt%) (G*/sind, kPa) (G*sind, kPa) (MPa)
0 (Base) - - -
0.25 +23% +8.6% +12%
0.50 +46% +21% +23%
0.75 +60% +26% +35%
1.00 +54% +24% +31%

Effect of GNP Content on Mechanical Properties of Asphalt Binders

Source: Shamami, K.G. et al. (2021). Evaluation of asphalt binders modified with graphene nanoplatelets.
Sustainability, 13(16), 8932. Values in the table based on Shamami,et al. (2023) under specific test
conditions.

& Key Features

= Rutting resistance improved by up to 60% with GNP reinforcement

= Fatigue resistance enhanced by up to 26% under cyclic loading

= Stiffness modulus increased by up to 35%, improving structural response

=  Optimal performance observed at 0.5-1.0 wt% GNP loading

= GNP addition contributed to better moisture resistance and aging durability

= Real-world trials including Genable™ Pavement and Gipave asphalt validated lab-
scale results, confirming long-term performance benefits

14
LPR GLEeBAL Copyright © 2025. All Rights Reserved.



Applications: Polyurethane and Rubber

Graphene is widely recognized for its ability to enhance the performance of
polyurethane (PU) and rubber compounds through nano-scale reinforcement
and multifunctional property tuning. In PU foams, graphene improves stiffness,
dimensional stability, and acoustic damping by refining the internal structure
and reinforcing cell walls. In rubber systems, it increases flexibility, tear
strength, and abrasion resistance while enabling weight reduction through
lower specific gravity. These benefits make graphene an effective additive for
developing durable, lightweight materials across automotive, construction,
electronics, and industrial sectors.

@ Key Benefits in Polyurethane and Rubber

Nano-reinforcement enhances compressive, tensile, and tear strength

Microstructure refinement increases elongation and dimensional stability

Internal damping improves sound absorption across a wide frequency range

Conductive network formation enables EMI shielding with minimal loading

Thermal stability improves heat resistance and slows thermal degradation

Barrier effect increases abrasion resistance and chemical durability

Low specific gravity contributes to lightweight rubber components

Enhances properties at <0.1 wt% loading without major formulation changes.

Tensile Strength Elongation Tear Strength

Abrasion Resistance Thermal Stability Flexibility
Durability Weight Reduction EMI Shielding

LPR GLEeBAL Copyright © 2025. All Rights Reserved.
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Applications: Polyurethane and Rubber S

& Graphene —Enhanced Rubber Sole Test Results

The table below presents the mechanical property test results for EVA-based
rubber outsole compounds with and without rGO (reduced graphene oxide).
Performance improvements were observed in abrasion resistance, tear strength,
and elongation, while tensile strength remained unchanged.

Test Item Unit rGO-Added Without rGO Improvement
Rubber Additives with rGO

Hardness Shore A 653 633 Slightly harder
Tensile Strength kg/cm? 140 120 Improved

Elongation % 500 400 Improved flexibility
Abrasion — NBS mm? 100 300 Over 3x better wear resistance
Specific Gravity g/cm? 0.99 1.12-1.2 Reduced weight (~12-18%)

Tear Strength kg/cm 60 50 Better tear resistance

Source: Internal outsole mechanical property test conducted for a commercial footwear sole supply
project (2021, client undisclosed)

¢ Key Features

= Abrasion resistance and elongation increased by 300% and 25%, respectively
* Tensile and tear strength improved by 17% and 20%, respectively
= Specific gravity reduced by ~10%, enabling lighter-weight rubber

= Hardness remained stable (65 +3 Shore A), preserving flexibility and toughness

€ Rubber Application Examples

o @ =

Industrial Components Industrial protection Automotive
& EEB .{@}.
Footwear Construction Aerospace

16
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Applications: Polyurethane and Rubber

& Graphene —-Enhanced PU Foams Test Results

Graphene-enhanced polyurethane (PU) formulations were evaluated through
three performance tests: sound absorption, compressive modulus, and
electromagnetic shielding effectiveness

Source: Internal test using reduced graphene oxide (rGO) in polyurethane foams.

Test 1: Sound Absorption Performance

1.0
0.9
084
= 074
2 ol
i s
E 054
A= .
§" 0.4 ;
S 937 < Ppristine PU foam
= 024 —=PU/GD.03wW1% foam
- —a— PUIG 0.05 wi% foam
0.1 — PU/G 0,07 wt% foam
O.U T T T I
1000 1200 1400 1600 1800 2000
Frequency (Hz)

Test 2: Compressive Modulus Performance

2001
17.5¢
15.0f
125
10.0F

7.5F

50}

251

Compressive Modulus (Mpa)

0.0

Pristine PU PU/G 0.03wt% PU/G 0.05wt% PU/G 0.07wt%
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Applications: Polyurethane and Rubber S

Test 3: Electromagnetic Shielding Effectiveness

50

—=— Pristine PU foam

: = PU/G 0.03 wt% foam
40 +— PU/G 0.05 wt% foam
—+— PLU/G 0.07 wit% foam

45 ~

35 4
30 4

20

15_:/

10 <

I S

5

Shielding effectiveness (dB)

0

] Y T ' T Y T Y T Y T '
2.00E+009 3.00E+009 4.00E+009 5.00E+009 6.00E+009 7.00E+009 B.00E+009

Frequency (Hz)

¢ Key Features

= All graphene samples outperform pristine PU, especially below 1600 Hz.

= Higher loading gives better results, with 0.07wt% showing the highest absorption.

= Compressive modulus increased by approximately 130% at 0.07wt% Graphene.

= Even 0.03wt% graphene raised compressive modulus by 50% over neat PU.

= Reinforcement is due to nano-filler network within the polymer matrix.

= EMI shielding becomes measurable at 0.03wt%, reaching 10—15 dB at 0.05wt%.

= At 0.07wt%, shielding effectiveness approaches 20dB.

= 20 dB corresponds to roughly 99% attenuation of incident electromagnetic radiation.
= Conductive networks enhance damping, stiffness, and EMI shielding.

= Performance improvements stem from graphene’s high aspect ratio and stress

transfer.
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Product Lines

rGO Powder

Product Specifications

D/G ratio < 1.0

Surface area 500—-800 m?/g
Oxygen < 10%

Thickness < 2.4 nm

Lateral size: 20-170 um

Main Applications:

Conductive additives, Mechanical reinforcement
additives, Composites, Coatings, EMI shielding, TIM
(Thermal Interface Materials) applications

GO Powder

Product Specifications

D/Gratio< 1.0
Thickness < 1.3 nm
Lateral size: 20-150 um
Oxygen < 50%

Main Applications:
Antibacterial, Deodorizing, Conductive additives, Paints,
Coatings, Cosmetics, Lubricants

rGO Dispersion

Product Specifications

D/G ratio < 1.0

Surface area 500—-800 m?/g
Oxygen < 10%

Thickness < 2.4 nm

Lateral size: 1-150 pm

Main Applications:

Paints, Filters, Lubricants, Mechanical reinforcement
additives, Conductive fabrics, Composites, EMI
shielding

LPR GL@BAL

Copyright © 2025. All Rights Reserved.

19



Product Lines

Product Specifications

1 wt%

lon conductivity < 2 mS/cm
D/G ratio < 1.0

Thickness < 1.2 nm
Lateral size: 2—20 um

Main Applications:
Construction, Antibacterial, Deodorization, Dispersibility
enhancement, Cosmetics, Fundamental research

Product Specifications

— Purity > 98%
_ Tap density 0.3-0.5 g/cc
—_— Surface area > 15 m?/g
= | Lateral size: 3—10 ym

Main Applications:

o Lubricants, Construction, Composites, TIM (Thermal

Boron Nitride (BN) Interface Materials), Cosmetics, Radiation shielding
Dispersion

Key Features

Delivers high electrical conductivity

Enhances mechanical strength

Compatible with graphene, rGO, and GNP
Stable dispersion and broad solvent compatibility

Main Applications:

] ] Conductive additives, Construction, Composites
CNT Dispersion P

LPR GLEeBAL Copyright © 2025. All Rights Reserved.



Product Lines

Battery Grade rGO

Product Specifications

Carbon content > 98%
Surface area 5-50 m?/g
Tap density 0.3—-0.5 g/cc

Main Applications:
Conductive additives, Lithium-ion battery additives

Graphite
Nanoplatelets (CNP)

Product Specifications

Carbon content > 95%
Surface area 30-50 m?/g
Lateral size: 3—20 ym

Main Applications:
Conductive additives, Construction, Composites

Silicon-Graphene
Anode Material

Product Specifications

IC (Initial Capacity) > 2,000 mAh/g

: 5 times the capacity of graphite (370 mAh/g)
ICE > 86%

Cycle Efficiency > 90%

D50 8-9 um spherical morphology for high processability

and slurry stability

Main Applications:
Conductive additives, Lithium-ion battery additives

LPR GL@BAL
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Patents

e

T st 1 i ———— . e wn e o
LI T -1 5 I —— &N e e e
-
= [ Tp—— e W e e s, o p— F - L ]
- et vl = e - re—— rL st =
o P P, Saates s o g oy 2. "—um
— e * oo
T ] PN e S 30 90 b 5 5 sy LI SBE R BEEE 8 e
- -
_H,_,_"___I - e T #5 — B
PR B0F 528 Seh & mes /eI epey R L L R T Ty ep——— e
o —— - ]

.-‘:-.':-‘ — JSA— R Ll T T T g —
HEWES RNE N S SsEeY AR FERG

B WRE CNawae gapey gAUReE feRus
TS ey S e T St A o e e

EAVEL ANY N ANEE RS EAE v
T b Y Bel & gleas et S P L ) e e B
e e St rg— S i Fomgrny Sy

O w=ile O o = @ i M-
e T e M W s e ww— L a=y --_.:u--u
— 7)) 2] 3] Y iﬂ = T %

aus

k]

T B

v LL]

i [pep—— l_L LR -t b L FLL Y] LL ERLEES T )
o

e a a1 A e _— L T—— men W - tm
s e nme P _— - o -
= P : -3 ——— - -8 Wl bl sia el
E — = LR N ] = — g "y =y

- e . —
L=y 3 o b - i~
HE B § oy Ay AP S RN A RN el LT T = "
[P —— By B Py S —— i
Buddr bl bl Bk e haka el L —— - T RuT R W RN LgE SEE ed Sl

P

s

e

[
L L T T

T
B i TR s

Pl e
R wa s

LR AL SR L e R RN L ] LER 2 DR L W T T R RN W e RS SR BPE

Tin # sy S = e - e G e A ey T a0 e w7 Ese T w e pm e LT EE Y T pe— - -
e R e PR i I A S W P et s g 4 b bt e S % ek . "::-'r-r-- e vy H-l'—“_r-'-ﬁ-l-l-l.lu--u-.a-
Tt = ot P sron ey [ - —en - —
4 — -
REEY amEy AREE e EnEy
e
[ ———— e mrn o cm viE— i ER—
LL | ﬁ L L] i Wy mAT T e — any e 2B
e o T e~ x P | L 1 4l
iyt = — il . ——— *] M iy 1 a4
- - oy - L

Patents Summary

Composite Material and Its Production Method

= Composite Anode and Its Production Method

= Composition for Enhancing Concrete Performance Using Nano-Carbon Materials
= Graphene and Its Production Method Using Cationic Surfactant

= Silicon-Graphene Composite Anode and Its Production Method
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