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MATERIAL’S PROPERTIES O/ C|Si Al
DOSAGE LEVEL REQUIRED FOR CHANGE

CARBON BLACK METAL FILLERS CARBON FIBERS MWCNT
20 - 40% 15 - 35% 3-12% 1- 6% SWCNT

0.001 — 0.03%



DISPERSION IN MATRIX

Concentration of particles “0,1%

0,5 mm

0,5 mm

10

MICROPARTICLES CARBON NANOFIBERS SWCNT

SWCNT FORMS ITS OWN CONDUCTIVE 3D NETWORK
AT ULTRA LOW CONCENTRATIONS

Si Al



SEM IMAGES OF DISPERSED NANOTUBES 0/C/siAl

Sample ID = Clean_R_egion_Backside_
Mag= 25.00 K X EHT= 5,00 kV Signal A=InLens
| WD= 3.7 mm Aperture Size = 30.00 ym




SINGLE WALL CARBON NANOTUBES / OCSIAL.COM

SWCNT:THE FIRST
UNIVERSAL ADDITIVE
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TUBALL"™

First Mass
Produced
SWCNT

90% of
Global
Production




GRAPHETRON 1.0

CAPACITY
10 TONS/YEAR

50 TONS/YEAR
IN 2016

ENOUGH TO SUPPORT
NUMEROUS GLOBAL
INDUSTRIAL PRODUCTS




TUBALL"INDUSTRIAL APPLICATIONS O|C|si Al

PP (polypropylene)

Lco \ .

(lithium cobalt oxide) Y “LFP I
(Ilthlum iron / I‘I’I
phosphate) /‘ Si-anode PO y er

Lithium-ion | P/ composites
batte rl eS \ Aerospace PC (polycarbonate)

() NG
NCM \ Electronics Texdle /‘Epoxy

(lithium nickel
resin

cobalt é
Sport&. /

manganese oxide)
leasure

(acrylonitril-
butadiene-styrene)

'\"‘"'\—-\,_ PE (Polyethylene)

Transportation

Constructlon h ° \.\ ® ilicone ™
L=/ .
OLED \\. EPDM
Touch-panel ,"" SBR Buna

(photovolt‘alc solar cells) E I asto m e rs

Smart Windows /‘.""‘
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O C|Si Al

Electrical conductivity




WHY CNT FOR THERMOPLASTICS? O|C|Si Al
TYPICAL CONDUCTIVITY RANGES

T A

1014 = INSULATIVE — 10 Standard Plastics
102 1012
ANTISTATIC
10° 107 0.1-1%*
108 == DISSIPATIVE = 108
CONDUCTIVE PLASTICS
108 10 . N
in ESD applications

104 104
102 102 )

* Typical range,
1 1 TUBALL™ dosage
102 102 to be adjusted for

polymer type,
104 104 process

conditions and

Resistivity Conductivity application

(€2 cm) (S/em) requirements



WHY CNT FOR THERMOPLASTICS? O|C|Si Al
ANTI-STATIC ADDITIVES ARE USED IN:

®D®® O

Floors, mats, linoleum, textile Packaging: carrier trays,
carpets, floor finishes and coatings holders, tubes, boxes, bags

Shoes, grounders. Casters Fuel tanks and hoses
and wheels of moving articles

Clothing _;E:_ Wire and Cable
Workstations Oth
and work surfaces @ ther

Gloves and finger cots



WHY CNT FOR THERMOPLASTICS? O|C|Si Al

- £y

CONDUCTIVE BLACK Vs TUBALL

SWCNT’s additive can impart electrical conductivity in plastics. High aspect ratio
results in electrical conductivity at lower loadings than for conventional additives
like carbon black, carbon fiber or metallic fiber.



PERFORMANCE IN POLYPROPYLENE

TUBALL" unique characteristics enables conductive plastics
production with ultralow percolation threshold

Resistivity (Ohm-cm)
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1E+09 -

1E+08 -

1E+07 A
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1E+01

Volume resistivity in Polypropylene
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Dissipative
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Additive concentration (%)

TUBALL
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Si Al



PERFORMANCE IN POLYPROPYLENE O|C|Si Al
THE NEW GENERATION OF CONDUCTIVITY

 TUBALL single wall carbon nanotubes ¢ Maintain or can improve

enable ultralow loading starting with mechanical strength;
0.1-0.2%;
* Without significantincrease
* Allow for production of conductive of viscosity
parts that retain colors; of the host material.

* Ensure permanent and uniform
electrical conductivity without hot
spots;



TUBALL"INCORPORATION METHODS O|C|Si Al

Ultralow percolation & tendency to the agglomeration

Favored
Approach

Dispersion a

Exfoliation

Evaporation
il 10 %

comp
osite

© 2013 Beyou et al.;

Melt blending licensee InTech.

Nano

: :
osite Nano-

Nano-

compo-
site

compo-

site

Solution Mixing Melt Mixing In Situ Polymerization



CNT COMPOUNDINGIN THERMOPLASTICS o(cjsial
WHAT ARE THE CHALLENGES IN MIXING?

MIXING

Potential challenges to overcome:

* Good dispersion of the CNT’s in polymeric matrices
* Homogenous distribution of the CNT’s in the bulk of polymer

* Good interfacial interaction between CNT’s and the polymer matrices



TUBALL" MELT MIXING APPROACH o/c|si Al
POLYOLEFINS AND ENGINEERING PLASTICS

DISPERSION THROUGH 2 STEPS PROCESS

1. Preparation of a MB at 2% TUBALL"™

2. Masterbatch dilution on twin screw for compounds preparation



ANTISTATIC & DISSIPATIVE O|C|Si Al
VARIOUS THERMOPLASTICS

1E12 n

—u— L DPE
—mu— PP

1E10 —=—PS
—B—PC : :
—m—PET Percolation is observed at

1E8 —RPAS ultralow SWCNTs

concentration for
1000000 poliolefins and
\ engineering plastics

Resistivity, Ohm*cm

/’ ///

10000

100

0.1 0.2 0.3 0.4
TUBALL SWCNTs, wt%



ANTISTATIC & DISSIPATIVE O|C|Si Al
POLYETHYLENE

1. Polyethylene — more than 1500 grades: LDPE, LLDPE HDPE etc.
2. Wide range of MFI between O and > 100 g/10min at 190 °C and 2.16 kg

/
)
f\‘;




ANTISTATIC & DISSIPATIVE

POLYETHYLENE

Extrusion parameters should be adopted for reaching good SWCNTs
dispersion quality: high fluidity polyethylene
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O|C|Si Al

Application of higher rpm
leads increasing SWCNTs
dispersion quality



ANTISTATIC & DISSIPATIVE
POLYETHYLENE

Polymer fluidity can be increased thanks to the plasticizers:
high vs. low fluidity polyethylene

Resistivity, Ohm*cm

1012

[N
o
-
o

[anY
o
3

106

104

—m—Dilution by PE
—A—Dilution by PE with 2% of wax

Insulator

Conductor

MFI, g/10min at 190°C and 2.16 kg

O|C|Si Al

Right extrusion parameters

Ingredients which increase
polymer fluidity

J

High quality of SWCNTs
dispersioni.e conductive network



CONDUCTIVE PROPERTIES o|c|si A
CABLE APPLICATIONS

Hybrid system: Carbon black and SWCNTs %\g

“ * Protecting screen
“ (Ryo< 100 Ohm*cm)

Carbon black
conductive
network in
polymer

*up to 40 wt% of carbon black



CONDUCTIVE PROPERTIES o[C|si Al
CABLE APPLICATIONS

Hybrid system: Carbon black and SWCNTs . \!
@ *
+ SWCNTs

Protecting screen
Vet D

(Ryo < 100 Ohm*cm)

Carbon black Carbon black - Decrease Carbon black content
conductive & SWCNTs adding SWCNTs as alinkers
network in hybrid system

Keep conductive network

polymer :
decreasing carbon black content

*up to 40% wt. of carbon black



CONDUCTIVE PROPERTIES O|C|Si Al
CABLE APPLICATIONS

Hybrid system: Carbon black and SWCNTs

I . s -+ Decrease Carbon black

175 02wt%TUBALL - content
c 101 1] : - Keep the same conductivity
S K level
£ 10° 3 e .
= T * Improve physico-
© 10t \ BT mechanical properties
£ - High voltage cables:
%, L \ protecting screens
S (vol.resistivity of

10" 3 - compound should be

10° <100 Ohm*cm  © 2009 Jeevananda

0 2 - 6 8 10 at al; Polym Int.

Carbon black, wt%



ANTISTATICIN DIFFERENT POLYMERS o[C|si Al

1E12 5
3 —m— LLDPE
E —u—PP
1E10 - —u—P§
g —B—PC
*E E —.—PET
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TUBALL SWCNTSs, wt%

Resistivity as a function
of TUBALL SWCNTs
wt%

Polyolefins and
engineering plastics

Compression molding



MOLDING o|C|si Al

- Compression molding
- Rotation molding
- Injection molding

- Extrusion



COMPRESSION MOLDING olclsial

vs. Compressing Time vs. Compressing Temperature
) at170-C ! at 30 min
10° 0.1 wt% SWCNTs - ] 0.1 wt% SWCNTs
B 5
kE : E
S | 5107
= z
3 10° 2
K &

0 20 40 60 80 100 120 160 180 200 220 240 260
Comressin molding time, min Compression molding temperature, -C



COMPRESSION MOLDING

105-_

Resistivity, Ohm*cm

vs. Compressing Time

at170-C | Granules
0.1 wt% SWCNTs ...
'L?ﬂ‘ r’\/:

G

O|C|Si Al

SWCNTs relaxation

pra et NS
«ln (?z i\é@

Melting

\ .

20 40 60 80 100 120
Comressin molding time, min

L4

Compression molding time

v" Compression molding time and temperature canbe
increased for obtaining higher conductivity



INJECTION MOLDING o[C|si Al

Common usable method in plastic industry

Resistivity, Ohm*cm

10" 4
10" 4 0.2 wt% Tuball
i Insulator
10° 4 Conductor
1 wt% Tuball
10° 4
10" 4
10° 4 . : : : : : : :
80 120 160 200 240

Mold temperature, °C



INJECTION MOLDING

Common usable method in plastic industry

Resistivity, Ohm*cm

Mold temperature, °C

1.
; 2.
2 wt% Tuball
i Insulator
Conductor
E 1 wt% Tuball
80 120 160 200 240

CNTs orientation by the polymer flow

CNTs migration from the surfacedue to
polymer crystalization process

Polymer
flow

|
Cold mold

LN
I

W

Fast heat transfer

Si Al



INJECTION MOLDING

Common usable method in plastic industry

1.

1012_; 2.
c 10" ] 2 wt% Tuball
G 1 Insulator
* E
E 43— - -
< 10°4 Conductor
O 1 wt% Tuball
> .7
S 10
TR
r 10%

102: T T T T T T T

80 120 160 200 240

Mold temperature, °C

CNTs orientation by the polymer flow

CNTs migration from the surfacedue to
polymer crystalization process

Polymer
flow

Cold mold

/| (N

¢—/ 2 %\_ laxati
_/2?22?% s Z}i

Fast heat transfer

O|C|Si Al

Heated mold

“h i

Mold should be heated up topolymer melting temperature

NN\



INJECTION MOLDING
Antistatic reservoirs etc. based on ABS-plastic

RESISTIVITY:
106 Qxcm

0.3 wt% TUBALL"

Si Al




ROTATION MOLDING
Antistatic reservoirs etc. based on polyethylene

RESISTIVITY:
106 Qxcm

0.2 wt% TUBALL"

olclsial

——

TUBALL"
MATRIX

T —

801



CONCLUSION olclsi Al

1. TUBALL can be incorporated into thermoplastics through the melt
mixing approach.

2. Conductive networks can be created in a various polymer matrices at
ultralow TUBALL dosage without compromising properties.

Thermoplastic polymers can be colored keeping antistatic properties

Hybrid TUBALL — Carbon black system can be applied forachieving
conductive compounds

5. Molding parameters play a critical role for final properties of the part



BUSINESS MODEL o|C|Si Al

OCSiAl PARTNERS CUSTOMERS

= i 5

@ - =
@ BATT PLAST_M

'“Ia'mldeﬁB,fO:LL(@ Neat PP CIT = — _
NN = I a3
2% masterbatch . m

TUBALL production PRODUCTION & SALES TESTING AND PURCHASE

TESTING support



SWCNT DISPERSIONS o/[C|Si Al
AND MASTERBATCHES:

Americas : Q
¥

i

We deliver our technology to partners
and create local manufacturing centers



WORLDWIDE O/|C|Si Al

Moscow
London T Novosibirsk
Columbus Berlin GRAPHETRON 1.0
Palo Alto Luxembourg Seoul
China
Hong Kong
India
Singapore

9 Manufacturing

Sales Office

Future Manufacturing



FOR ENQUIRIES

Indianoffice@ocsial.com
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