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“Expanding the frontier of materials application
DM' ) through the use of Graphene”
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About 2DM: High Quality Graphene 72DMO

Management Advisors
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Dr. Ricardo Oliveira Chen Chon F°9k Prof. Antonio Castro Neto Prof. Kostya Novoselov Patrick Teyssonneyre
Co-founder and CTO VP of Manufacturing Co-founder and Advisor Advisor Advisor
+15 years experience in - +20 years management Director, CA2DM — NUS Winner of the 2010 +19 years of experience
Mat. Science and Eng. experience in high “The godfather of graphene” Nobel Prize in Physics turning technologies into
Led the development of  volume Manufacturing at Professor at NUS — CA2DM businesses. MBA at MIT Sloan
2DM'’s technology Motorola, HP and GE
Supported by: Investors: Member of:
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Visibility / Hype
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Problems we want to solve IDMO

Thermal Conductivity Weight Reduction Sound Absorption
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2DM'’s Technology: what is different from others? o\ @

- >98% carbon

- 70% graphene (<10 layers)
Graphite Powder - Low metal contamination
- Low oxidation
AN | systainable process

High Quality Graphene at High Yield, which might

be translated into the best Performance/Cost

Graphite
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Under new ISO standards up to 10 layers can be called “graphene material” >10 layers is micro-graphite



2DM’s Technology: what is different from others? /v\"

Graphite Powder Applications Benefits

Sonication Probe

Graphite

Sensors / 3x more sensitive magnetic
Printed Electronics sensors
. . 4x longer lasting and
Batteries / Medical 2x faster charging batteries

G P /2 weight composite

structures
Composites / Coatings 3x longer lasting corrosion
' protection

12 Antifouling

Flakes thickness distribution

10x more resistance

. concrete against sewage
Concrete / Aluminum corrosion
Graphite Mil Glass Reactor 3x more resistance

Image from Kauling et al, Advanced Materials, 2018 aluminum
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2DM Production Facility

- Commercial scale facility established in

Singapore with 12 tons capacity per annum
- Trade secret exclusively licensed from NUS

- Development and implementation of new
Singapore Standards on Graphene which

will form part of ISO/TC 229 on

Nanotechnologies

- 1SO9001: 2015 Certified

" Accredited
fuv %,/mm
Q5-2001-41










_ 100% of 2DM'’s Graphene Products are
o ’ g ; ’ Quality Control Checked according
"‘Z?‘ga/ - ISO and Singapore Standards

DMO
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Graphene applications going commercial?  IDTechEx Rt

Proof of Concept Early Semi-Commercial | semi Commercial Trials Early Commercial Full Market Launch Market Maturity

Prototype Sales Penetration
R&D Materials

ound healin
. Sports Equipment

Thermal Interface Material Heat spreader

Oil-absorption materials Fire retardant coatings

Nanofluidic coolant ey
Li-ion battery: silicon anode Conductive polymer

Thermal camouflage

RFID Tags

Electrical and
SWIR Detector Optical
Antibacterial Coatings Lead acid battery Headphone membrane Other

Copyright © IDTechEx. Use in accordance with distribution licence | www.IDTechEx.com Slide 36 |DTeChEX
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Composites
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Composites: Ballistic Helmet with 2DM Graphene
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LABORATORY TEST REPORT e

NI} STANDARD FOR BALLISTIC HELMETS 1381
NI STANDARD 0106.01 PENETRATION TEST
Document Revision 3 - November 2020 - Issued by B. Eu

BALLISTIC & MECHANICAL TESTING

LABORATORY TEST REPORT

B M T PROTECTION - BALLISTIC LIMIT (V50 BL(F))

BALLISTIC & MECHANICAL TESTING MIL-STD-662F DECEMBER 1997
Document Revislon 3 - March 2015 - Isswed by H.Bu

Date Recaived Nov-20 Job No. 673720
Gouner Gllent TestDate  |2-Dep-20
‘Sample Designation  Helme# Cllent Tristan Alecander
Purnase Crdsr Not Suppiied ReportNo.  |B737-20
PageNo. 2002
HELMET DETAILS BALLISTIC THREAT RENGE
Sample No.ID 5737202 Calbrz ‘amem Lugsr MumietoTaget | Smeks
Manutactursr The Smar Think Projectle Wekiht 124 grain No. of Screans 3
Projact Detalls RED Projectle Type FMIRN Sereen Spacng 501
MOGE MO Graphene AmId7.25Kg'm  Cannser Manngs  WESMC124 2532 Mcpontto Taget | 20metes
Senial No. Mot Suppiied Production Fagtory  Winehester Chmnograph Model | Sabre ins
Batoh Mo Not Suppiied Head Stamp Detals Mot Applicabie Screen Type ‘Skyscreen 408
Date of Manutacre | Now-20 Bare Length 10 Inch Screen Lig Source | DELED
siz8 Not Suppiled Bamel Sena No. MB4OTTE
wgnt (g) 7.25KgMF oonguy Zem Dagress TEST CONDITIONS
Specincation NLID1DSD1 Lvilla Spesk:
Requrdvelcty 4353 mi Temperature e
Ralatve Humidty 462 %
Canditoning Amiient
CLIENT DETAILS APPLICABILE STANDARDS/PROCEDURES TEST PERSONNEL
Tristan Alexander NI Standard 0108.01 Data Recorder B Kelzart
The Smart Think 1. Witness Materal ‘Roma Plastina No.1 Gunner B.Kalaar
75 Pigaon Rd 2 Wimess o Tamget  Direct Contact Witness NI
WU Pons, VIC 3216 3. Clay Vertication 25.0mm
Austaia
C T
5"""'; impact Flane | vaw SN':I:" Chrono 1 Chrono 2 nva\:mam] Motes m‘“‘ Spalling | BFS{mm) ?:I‘I”
HumD - ; .
Coan | Wi | 1 437.3 436.4 3 Al Smm Fass
) e : T T o S
6737202 [ Wi-Saghia | M I8 35 e Sack Tamm | Pass
Tronal HI LE B0 35T Fight Tmm | Fass
Cornz | i : 73 3377 Emm Pass
Foomates: Comments:
2. Expeseive valodlty TH
b Insurtcient veloclty
o Too ciose tn edge
€. Test terminated
L NOtETAr N From stanara:
1N

B.Eu
{Approved signatary)
Accreditation Number: 13310

Postal agcress: 100 Tmer 5t Fort Me :mlm! 3207 Accredited for compliance with 150/1EC 17025 - Testing.
Facer NATA * €

Emait: bengbarmourtesting. com

Composite Manufacturer in Australia

CLIENT DETAILS
Tristan Alexander Date Recalved Dﬂ-!ﬂ Jab Mo 6561-20
The Smart Think ‘Courles Test Date 30-October-2020
75 Pigdons Rd ‘Sampie Deslgra'cﬂ IHIIR Client Tristan Alexanges
‘Waum Pongs, VIC 3215 Purchase O Not Suppled Report No. 6581-20
Ausrala Page No. kL]
ARMOUR DETAILS BALLISTIC THREAT RANGE
‘Samgle No.AD 681203 Callbre: 22 FsP Muzziz o Tanget 1251
Manufacturar The Smart Think Projactie Weight 17 grains No. of Screens 3
Projecs Detalls RED Projectie Type =] Serean Spacing son
Panal Model Na. 7.25 kgMI Aramid Graoh  Canister Makings Mot Appilcable Midpointto Target | SOt
Panel Seral No. Not Supplied Proguction Factory Mot Applicable Chronograph Model | Sabre IS
Panal Batch No. Not Supplied Head Stamp Detalls Mot Applicable Serean Type Skyscreen 408
Date of Manuraciure | Not Supplied Bame! Length 24 Inch Serean Light Source | DG LED
Stitching Detalls Mot Applicania Bame Senal No. WOEDD1
Stitching Intenvas. Not Applicaie Cibliquity Zem degress TEST CONDITIONS
Panei Description Ballistic Helmet ‘Specification MIL-STD-662F
Average Thickness | Nat Applicabie Required MIn.BL Mot Supplisd Temperature 18 C
Nominal Hardness Nat Applicabie Relatve Humidity 528 %
Heat Number Nat Applicabie ‘Conditioning Amblent
APPLICABLE STANDARDS OR PROCEDURES TEST PERSOMNEL
1 MIL-STD-662F Data Reconder Ben Kelaart
2 Sampie to Winese: | 150mm Gunner Ben Kelaart
3 Witness Material 0.5mm T2 2024 Alloy Witnass. L
4 Examination Light  GOW Light buln.
BALLISTIC LIMIT FIRING DATA BASELINE BALLISTIC LIMIT CALCULATION
Shot |Charge| Vel 1| vel 2 Impact Penetration Used| Shot [ Vel | Penstration Balllstic Limit Summary
No. | fgr) | (mis)| jmis) | Vel ms| C P g | W |mis)| ¢ [ P Type: 10 Shots
1 7. 713 | 658 ] X 636 X Panal 1 EL E73 mis
TOZ | BED | 1] X L
B57 | 6B4 671 X 71 X
BEG | oid [ X [0
719 | 704 62 X 632 X
705 | 654 651 X [ 631 X
7 732 | 7 05 X
[ B84 | &1 =] X ] [ X
9 7. &9 | 666 =) X E] 654 X
10 7. 709 | 654 652 X 10 632 X
T 7 B5 | BEZ | =] X [ &0
Count: 1 [ 2 W Coun: 10 3 2
FOOTHOTES:

2 Too ciose 1o =dge

. Too ciase 1o prior Impact
€. Impact on zeam

Postal acdrezs: 106 Tumer 52, Port Melbourne 3207 AN, scmmiion umer 13310
: : NATA  Acoesites for compliznce with 150/IEC 17025
The resuts of the tests, caliorations snd/or messremerts
v incisced in this document are traceable ta Australian/ nations
Tmimes  standacs

“Same ballistic protection and same price,
but 20% lighter than standard helmets”




2DM Graphene in PU foam

Car Manufacturer in US
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Sound Absorption

04n

* Improvement at all
loadings up to 100 Hz

* 2000-5000 Hz range is
most sensitive to
human ear
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Aluminium + 2DM Graphene 2DMO
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Aluminium Manufacturer in UAE Confidential
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2DM Graphene in Lead Acid Battery 2DMO
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m0.25% CB ®0.5% CB (standard) m0.75% CB 0.375% CB + 0.125% 2DM Graphene

CB = Carbon Black

Battery Manufacturer in Brazil



2DM Graphene in Li Batteries

Li-lon Batteries
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“Faster Charging, longer lasting, and superior durability”
Battery Manufacturers in Japan and Singapore
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2DM'’s Graphene in Coatings DM@

Results obtained by one of the largest global Paints & Coatings manufacturer

Lifespan (years)

Salt Spray Test (%) g ,
160 140 7 md
140 6 rotential
120 > SaVviNgs of;
100 : 3 USSi6imillion
80 ) PErship
60 1 EVENYISIVEQrS
40 0
20 13 Lifespan (years)
0 . Client's Product
Salt Spray Test (%) B 1.8% Competitor Graphene
m 1.8% Competitor Graphene 0.7% 2DM Graphene

0.7% 2DM Graphene

Properties Client’s 1.8% Competitor 0.7% 2DM'’s
(Potential) Product Graphene Graphene
Anti-fouling effect None None High
Drag resistance Standard Standard Low

Coating Manufacturer in Singapore



Graphene Direct-To-Metal (DTM) Anti-Corrosion coating samples 2DM©

Standard coating Standard coating
+ graphene + graphene

Standard coating Standard coating

+ graphene

Y

a9
Before After Before After Before After Before After
Delamination Delamination Delamination Delamination

Cyclic Corrosion test (1ISO20340) 25 cycles

Coating Manufacturer in Brazil Confidential



Graphene Direct-To-Metal (DTM) Anti-Corrosion coating samples 7)DMO

Standard coating
Standard coating + graphene

Cathodic disbonding (720 hours)

Standard coating Standard coating

+ graphene + graphene

Coating Manufacturer in Brazil Confidential



Other Anti-Corrosion systems 72DMO

Standard coating Standard coating
+ graphene + graphene

Standard coating

Salt Spray (ASTM B 117) 500 hours

Coating Manufacturer in Brazil Confidential



Other Anti-Corrosion systems 2DMO

Standard coating

+ graphene
Standard coating

Salt Spray (ASTM B 117) 1500 hours

Coating Manufacturer in Brazil
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Final Remarks

Graphene works, if you use real graphene
Graphene is not so expensive

Value-added easy to show and customer

willing to pay
Technical expertise needed to use graphene

Exponential grow of the applications and

market products

Major players of each segment already have

graphene products ready to launch
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Obrigado! Gracias! Grazzie! Merci!
Danke Schén! Thank you! Cnacn6o! ZHA} 5 2!

5 1el 1)Si Terima Kasih! 5 Y te 5 Zxv £ 51 gfteam DM ' '

Ricardo Oliveira (CTO/co-founder)
ricardo.oliveira@2dmsolutions.com WWW Zd m SOI Ut i ons.com
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