Curvitem “Bio Sugar Carbon”

A Family of Low Porosity, Functionalized, Carbon
Micro-Powders Derived from Natural Sugars

Allen D. Clauss, Ph.D.
President
CTI Consulting, LLC

‘ CONSULTING



Curvite™ “Bio Sugar Carbon”

A Family of Low Porosity, Functionalized, Carbon Micro-Powders
Derived from Natural Sugars

Patent Pending
International patent application published 25 February 2021.
Favorable International Search Report indicating allowable claims.

Derived from natural hexose sugars in a simple, single-step, dehydration reaction providing a sustaina
carbon-neutral route.

Low porosity and platelet morphology with gentle, random, curvature that make the particles resistant t
agglomeration and therefore readily dispersible in polymer and other host matrices.

Can be prepared with a wide range of oxygen functionalization that allows for optimization of interfacial st
and functional properties (e.g., mechanical properties, thermal properties) in various polymer and other ho
matrices.

Can be readily dispersed in thermosetting and thermoplastic polymer resins at loadings of ca. 5% to 4
significant increases in storage modulus and glass transition temperature.
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Derived from natural hexose sugars in a simple, single-step dehydration
reaction providing a sustainable, low cost, carbon-neutral route.
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Low porosity and platelet morphology with gentle, random curvature
that make the particles resistant to agglomeration and therefore readily
dispersible in polymer and other host matrices. (150X Magnification)
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Curvite™ “Bio Sugar Carbon”

500X Magnification
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Curvite™ “Bio Sugar Carbon”

1,000X Magnification

| EHT = 3.00 kv Signal A = SE2 Date :6 Feb 2019
l WD = 8.2 mm Photo No. = 19752 Time :13:46:57
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Curvite™ “Bio Sugar Carbon”

Can be prepared with a wide range of oxygen functionalization that
allows for optimization of interfacial stability and functional properties
(? mechanical properties, thermal properties) in various polymer

and other host matrices.

Sample: 3 Feb Curvite >45um TGA File: C:..\TGA\Anna\3 Feb Curvite 45um.001
Size: 14.5720 mg Operator: Anna Kiyanova
Run Date: 11-Feb-2019 17:07
Instrument: TGA Q500 V6.7 Build 203
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Curvite™ “Bio Sugar Carbon”

Can be prepared with a wide range of oxygen functionalization that
allows for optimization of interfacial stability and functional properties
(e.g., mechanical properties, thermal properties) in various polymer
and other host matrices.

Drying Condition %C %0 %H %S
150 °C (open atmosphere) 67.11 28.99 2.69 0.082
500 °C (open atmosphere) 73.65 22.69 2.68

500 °C (nitrogen atmosphere) 75.57 19.66 2.42

600 °C (nitrogen atmosphere) 86.62 8.81 2.55
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Curvite™ “Bio Sugar Carbon”

Can be prepared with a wide range of oxy%en functionalization that
allows for optimization of interfacial stability and functional properties
(e.g., mechanical properties, thermal properties) in various polymer and
other host matrices.

Bulk Thermal Conductiity of Carbon Micro-Powder/Epoxy Composites

(Carbon Micro-Powder dried at 150 °C and activated by heating to 500 °C)
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Curvite™ “Bio Sugar Carbon”

Can be readily dispersed in thermosetting and thermoplastic polymer
resins at loadings of ca. 5% to 40% providing significant increases in
storage modulus and glass transition temperature.
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Curvite™ “Bio Sugar Carbon”

Can be readily dispersed in thermosetting and thermoplastic polymer
resins at loadings of ca. 5% to 40% providing significant increases in

storage modulus and glass transition temperature.

~ gure =y 40% Curvite-Epoxy less than 45 micron Ball Milled
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Curvite™ “Bio Sugar Carbon”

Potential Commercial Applications of Curvite™

o Paritial or complete replacment of petroleum-based carbon black in elastomers
providing a sustainable zero net carbon replacement with improved performance
properties (e.g. improved wear resistance, high temperature stability)

« Tires Drive Belts
» Seals and Gaskets Many other Elastomers

» Brake Linings

o Functional filler in petroleum-based thermosetting and thermoplastic polymer resins, replacing
petroleum-derived carbon black and partially replacing carbon fiber, providing a zero net carbon
replacement with improved performance properties

« High Strength, Light Weight Epoxy/Carbon and Unsaturated Polyester/Carbon Composites

» Polyamide/Carbon and ABS/Carbon Composites
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Curvite™ “Bio Sugar Carbon”

Potential Commercial Applications of Curvite™

o Zero net carbon additive filler for readily biodegradable plant-based biopolymers
providing improved mechanical and thermal properties comparable to petroleum-
based polymers

» Bio-polymers/Plastics (e.g. Polylactic Acid, Polyhydroxyalkanoate) as replacement for
polypropylene, polyethylene, or PET in wide range of applications

» Bio-paints and Coatings
» Bio-rubber

* Many other Bio-specialty Polymers
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