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Phenol-Formaldehyde Phenolic Polymers
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Figure 1. Suggested representation of an idealized cured phenolic resin structure.
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Polyimides & Liquid Crystal Polymers

C

C

O

O

OH

C

C

O

O

HO ON

H H

ON

H

N

H

C

C

O

O

OHC

C

O

O

HO N

H
n

polyamic acid intermediateODA linkage PMDA linkage

acid 

group

amide 

group

N

Mesogenic Interactions

Cured Polyimide 

Thermoplastic

Polyimide Resin 

Precusor
Adhesives,

Binders,

Composites,

Plastics,

Coatings,

Ablatives,

Fibers,

Armor,

Fire Suits

cured polyimide chain

H2O

C

C

O

O

C

C

O

O

OON

H C

C

O

O

C

C

O

O

NN N N

imide groups

Condensation



6

Thermal Degradation & Pyrolysis of Polymers
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Surfactants & Unique Formulation Compounds

POSS Compounds (Polyhedral Oligomeric Silsesqueoxane)
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Lay-Up & Molding Issues on Contours & Radii
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Cross-sectional thickness image of carbonized rayon 

fabric-reinforced / charred phenolic-matrix laminate 

Cross-sectional thickness image of carbonized PAN 

fabric-reinforced / charred phenolic-matrix laminate 

Interlaminar Interactions & Carbon Fiber Processing

Rayon Fiber Coagulation Process

Good 

Interlaminar 

Nesting

Poor 

Interlaminar 

Nesting

Fiber Surface Functionalization



10

Multi-Directional Preform Billet
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Processing & Thermal Data For C-C/SiC Composite

Thermal Conductivity for 4D C-C/SiC
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Graded Materials & Gradient Transition Zones

Combustion of Organic Material Virgin Polymer-To-Char Gradient

Carbon Composite-To-Ceramic Compositional Gradient

(via EDX line scan analysis)

Carbon Composite-To-Ceramic Microstructural Gradient

(via XRD line scan analysis)
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