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INTRODUCTION

•There is a technology gap between organic 
polymer composites and ceramic materials

•The need for non-metallic materials that exceed 
370°C (700°F) service increases as performance 
requirements for state-of-the-art applications 
become more commonplace.



Materials: Reinforced Organic Resins

$565

From: McMaster Car Catalog

-60 F to 140 F



Materials: Organic Resins

Pultrusion Resins Temperature Limits



Materials: Organic Resins

1000 C

Inorganic Resin (Chemically Bonded Ceramic)*

(*) attributed to D.M. Roy 

Meets E-119 with hydrocarbon fire

Exposure curve



Application: Building & Entertainment



Application: Energy
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Application: Asset Protection

Organic Resin

(the yellow grating)

Inorganic Resin

(the two white walls)



Application: Asset Protection

Organic Resin

(the yellow?? grating)



Application: (Bad) Asset Protection



Pultrusion Process Development



Pultrusion Process Development
Rheology Control (Cementitious)



Pultrusion Process Development

How is Strength Dependency on 
Porosity and Pore Size? (Griffith 

1921)

Key Observations

• Strength can be improved by 
reducing the porosity (p)

• The reduction of the porosity by 
30% increases the strength by a 
factor of 2

• Strength can be improved by 
reducing the pore size c

• The reduction of the pore size from 
1 mm to 0.01 mm increases the 
strength by a factor of 10

• 𝜎 = 1 − 𝑝 3𝑒𝑥𝑝 −𝑘𝑝
𝐸0𝑅0

𝜋𝑐



Pultrusion Process Development
Insights from Boeing Prepreg Porosity Study



Pultrusion Process Development
Cure Behavior/ Resin Cures to a PH of 7

C 7012-2.9 / M200
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Pultrusion Process Development



Pultrusion Process Development

Pultrusion Setup Impregnation

Open tank with CBC Resin meets OSHA requirements / Fiber is E-glass



Pultrusion Process Development



Pultrusion Process Development



CONFIDENTIAL



Pultrusion Process Development



CONFIDENTIAL

Pultrusion Process Development

DETAIL JUSTIFICATION FOR 
VOLUME FRACTION TARGET OF 
42%



CONFIDENTIAL

Pultrusion Process Development
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Pultrusion Process Development
VOLUME FRACTION
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Pultrusion Process Development
VOLUME FRACTION
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D

d D 22 Micron

Vf d d/D

0.1 39.7 1.80

0.2 21.6 0.98

0.3 13.6 0.62

0.4 8.83 0.40

0.5 5.57 0.25

0.6 3.17 0.14

0.7 1.3 0.06

𝒅

𝑫
= 𝟎. 𝟒



Pultrusion Process Development



Pultrusion Process Development
COMPOSITE BEAM P

L
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Optimization with the Lagrange (Laurant) Multiplier 
Method
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CONFIDENTIAL

Pultrusion Process Development
COMPOSITE BEAM

rho-m 1.6

rho-f 2.5

E-m 18

E-f 72

Term 1 Term 2 Volume-fract

0.89 0.5 0.39

E-comp 39.00

Rho-comp 1.95

merit-fig 6.67

𝑽𝒇 =
𝝆𝒎

𝟐 𝝆𝒇 − 𝝆𝒎
−

𝟑𝑬𝒎

𝟐 𝑬𝒇 − 𝑬𝒎

𝑽𝒇 = 𝟑𝟗%



Summary and Conclusions

• Inorganic resins fill the technology gap between organic polymer 
composites and ceramic composites.

• Inorganic resins could capture a significant share of the market for High 
Temperature/ Fire applications

• We presented results for a particular inorganic CBC resin that was 
developed at the university of Brussels around 2005 and significantly 
improved by CSSI.

• Several Applications have been reviewed

• The Inorganic CBC resin is pultrudable and compatible with E-glass 
(PH=7)
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