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Conventional Thermally Curable

Usually, High Temperature Thermally Resistance Substrates: 120 to 160 °C
Substrate Limitation Plastics: 80 to 90 °C

~——

Needs Flash-off time around 10 min and baking time around 20 to 30 min
High CO2 equivalent
High Energy Consumption




Sol-Gel
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Conventional-Sol-Gel-Application Process
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Challenges (Aqueous Process)

> Limited bath-solids
> Limited film thickness

> Limited self-life of application bath

- Reduced operating freedom

> Needs careful monitoring of bath parameters

- pH, solids, concentration...

> Often require post-curing

- extra step, time/energy consuming step

> Produces hazardous waste
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Ambient Moisture  organic-Inorganic Hybrid

Organo-Silane Precursor (OIH) Coating

» Mannari et al, US Patent — 11,414,524, Aug 16, 2022, Eastern Michigan University,

» Guillaume Bano, Céline Croutxé-Barghorn, Xavier Allonas / Laboratory of
Macromolecular Photochemistry and Engineering / Mulhouse, France




Flnn@vatiye Approach

Isocyanate Prepolymer Amino Silane
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Characterization- FT-IR
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Characterization- FT-IR
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Coating Formulation

» Multi-Functional Silane Precursor; Petroleum-Based and Bio-Based

» Curing Catalysts
v' CXC-1612; King Industry (Thermally Blocked Super Acid)

» Reactive Diluent (TEQOS)
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Cure Study by FT-IR

Peak of Interest: 1050 cm? to 1140 cm?
Bruker-Tensor 27 FT-IR

Reference Peak: C=0, 1721 cm™! spectrometer in the range of
4000 to 500 cm! wavelengths

(A1087 cm-l/ A1720 cm™1 )cured

Conversion (%) =100 x 1
(A1087 cm—l/A1720 cm~1 )UnCured

5. Zareanshahraki, F. and Mannari, V. (2018), “Green” UV-LED gel nail polishes from bio-based materials. Int J Cosmet Sci

555-564. https://doi.org/10.1111/ics.12497
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Cure Study by FT-IR
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Cure-Extent Study
(Gravimetric Method)

Si-OR + % H,0= % Si-O-Si
Volatile losses

Correspond to the Cure-Extent

v Variables

o Binder Nature; Petroleum-Based and Bio-Based
% Curing Temperature; 80 °C, 90 °C, 110 °C, 130 °C

% Curing Time; 5 min, 10 min, 15 min, 20 min
Analyze by MINITAB statistical software through Design of
Experiment (DOE)
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Mean of Cure-Extent
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Interaction Plot for Cure-Extent
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The Cure-Extent demonstrated significance across all Curing Temperatures and Curing
Times, indicating adaptability to various curing conditions.

Both Petroleum-based and Bio-based binders exhibited noteworthy Cure-Extent
outcomes.

The flexibility in curing conditions presents opportunities for the versatile application of

the OIH coating system on different substrates.

Petroleum-Based Bio-Based 5 10 15 20
Binder Natur Curing Time
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Performance

» Primary properties have been tested.

» Significance in cure-extent across all curing conditions prompted evaluation of properties for eac

specific curing scenario.
» MEK- Double Rub
» Konig Pendulum Hardness
» Static Contact Angle

< Adhesion by Cross- Cut

Wet Film Thickness: 2 mill

Substrate: Aluminum




Chart of Mean( MEK-DR )- Petroleum-Based Binder
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Chart of Mean( MEK-DR )- Bio-Based Binder
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Chart of Mean( Konig Hardness )- Petroleum-Based Binder
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Chart of Mean( Konig Hardness )- Bio-Based Binder
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Chart of Mean( Contact Angle )- Petroleum-Based Binder
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Chart of Mean( Contact Angle )- Bio-Based Binder
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Adhesion by Cross-Cut

All caatmgs under vanous curing =

ccndltlons demenstrated satlsfactary cmss-
| cut adhesmn achnevmg a grade SB ratmg
as per ASTM D3359.5 i i




Reactive Diluent Study

» High solid, High Molecular Weight, High Viscosity, VOC

Reactive Diluent
Better Flow
Better Application

High1ér Cure-Extent

Sustainability (High solid, lower VOC)




_ Silane/Organo-Silanes 3 & 4 membered rings, Vinyl ethers
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CONCLUSION

New oligomers offer versatility in curing conditions, allowing for application at various tempera

and with different curing times.

Synthesis of new oligomers has led to the creation of 100% solid and environmentally friendly op

both in Bio-Based and Petroleum-Based variants.

The current progression involves the incorporation of environmentally safe reactive diluents in the

formulation.
The synthesis of oligomers with diverse backbones is currently in progress.

The application of new oligomers has been successfully demonstrated on diverse substrates, incl

Metal and ABS, with ongoing investigations into results for other substrates.
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