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Two typés ol precursors

Pitch
(PAN) {isotropic)
Heat treatment
al 300°C-500"C
Wet spinning and strefching -
followed by heat stabilization in Mesophase
alr a1 200°C~300°C for ~2 h tw":‘m
(2-8) Jsa
tollowed by heat stabilization ezt ki
- il S s gl
PAN filament | |
; Pitch fkamient b} e
Heating and stretching al 1000°C-2000°C A adss g
in an inert atmosphere for ~30 min
Carbonization -PAN
Relatively low-modulus (between
200 and 300 GPa),
high-strength carbon fibers

Healing above 20060°C
Graghitization with or without strefching

Without stretching: relatively high-modulus
{betwean 500 and 500 GPa) carbon fibers
With stretching: carbon fibers with
improved strangth

Laiy ¢(2-3) Jsaall Asne (PAN ) Il s Aaiiaall a8l G i ialse
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(PAN ) 31 &a daisaal) o080 cildh cilbialpa(2-3) Jsaal

Characteristic High Super High | High
Strength® Strength® Modulus®

Filament diameter, gm 5.5-8B.0 5.4-7.0 8.4
Density, g/em 1.75—-1.80 1.78—1.81 1.96
Carbon content, wi%s Q2—95 9O—099~ 99
Tensile strength, MPa 3100-4500 2400-2550 1865
Tensile modulus, GPa 25-260 3I60—395 520
Strain at fracture, %o 1.3—-1.8 0.6—0.7 0.38
Electrical resistivily, 15—18 o0=10 6.5
pdm
Thermal conductivity, g8.1—93 64—T70 120
W(mK)"'

“ Thoemel T-300, T-500, T-600, T-700; Celion 3000, 6000, 1200: AS2, AS4,

ASG6, IM6; " Thornel T-50, Celion G-50, HMS; © Celion GY-70

(B ) ) ope Aadusal) (el Gl cilivalga (2-4) Jgaal

Property Thornel Thornel Thornel
P555 P785 P200
Filament diameter, um 10 10 10
Density, g/em™ 2.02 2.06 2.15
Carbon content, wi. % | 99 09 99"
Tensile strength, MPa 1895 2070 2240
Tensile modulus, GPa 380 517 690
Strain at fracture, % 0.5 0.4 0.3
Electrical resistivity, 7.5 4.6 2.5
pLIm
Thermal conductivity, 110 185 515
WimK
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Refiner Forehearth

Platinum plate
with tiny holes

Forehearth
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Water spray =) Filament
e Applicator
Gathering shoe
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Ol
gl Y aledy s (2-5 ) dsas
E-glass C=pliass S-plans
Compasition (%)
S0 52.4 4.4 4.3
Al 0Oy + FeaO, 14.4 4.1 250
Cal) L7 13.4
MyO 4.6 3.3 10.3
Na;() + K;ﬁ 0.5 9.6 0.3
B204 10.6 4.7 25
Ba(Q — 0.9
Frogperites
» (Mg m™ Y 2.60 2.49 2.48
KWm'K" 13 13 13
adlo K 1) 4.9 32 5.6
o, (GPa) 3.45 3.30 4.60
= iGPa) 76.0 69 .0 K5 5
T (T ) 550 600 650
Organic fibers D Agguanl) ANl -2 -2-3
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Adsorption and wetting
Aircraft brakes
Airplane Applications
Alumina
aluminosilicates
Analogy to plate Bukling
Analysis in Design
Analysis Procedure
Anisotropic material
Angle-Ply

Angle-Ply Laminate
Annealing
Approximation

Aramid fibres
Artificial Constaint
Aspect ratio

autoclave moulding

Axial creep of long—fibre
composites

Axial stiffness
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Axial tensile failure

Background stress
Balanced Laminates
Basic concepts

Basics of matrix behavior

Basics of fiber behavior
Beam

Beam Boundary Condition
Beam Equilibrium Equation
Bending

Bending —Extension Coupling
Bend —Twist Coupling
Biaxial Strength Criteria
Bimetallic Strip

Bimetals

Bonded

Bonding mechanisms

Bond strength

Boron Fibers

Boundary Conditions
Boundary Layer Effect

Branched
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Brittle
Buckling
Buckling— Critical
Bulk Modulus

- C -
Carbon/Carbon Composites RCC
Carbon Fibers
Catastrophic Failure
Ceramic Matrices
Ceramic Composites
Characterization Of Fiber Orientations
In Plane
Clad Materials
Classification Of
Clustering Of Fibers and Particles
Coefficient Of Thermal Expansion
Coefficients Of Moisture Diffusion
Coefficients Of Mutual Influence
Combined Hoop And Axial Loading

Compariison Of Measured And Predicted
Compliance
Composite Stiffness

Composite Materials Fabrication
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Compressive Strength
Conductivity Of Composites
Constraints

Consolidation Of Resin Moulding
Compounds

Control Of Bond Strength
Contiguity

Contributions To Work Of Fracture
Coupling Stress And Symmetric
Laminates

Crack Bridging

Crack Deflection

Crack Extension In Composites
Creep

Cross-Linked

Cross-Ply

Cross—-Ply Laminate

Cross—Ply Ratio

Curing
CvD

Damage
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damage tolerance
Debonding
Delamination

Diesel engine piston

Diffusion barrier coating
Diffusion bonding of foils

Discontinuously reinforced composites

Displacements
DMC
Ductile

Dummy Index

EdgeEffects

Effects Of Microstructure

Effects Of Symmetry

Elastic Deformation Of Long—Fiber

compaosites

Elastic Deformation Of Laminates

Electronic Applications

Electrostatic Attraction

Engineering Constants
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Equivalent Homogeneous Ellipsoid

Eshelby Method
Euler Buckling Formula

Experimental Data For Single Laminate

—F-
Failure Of Tubes Under Internal
Pressure

Failure Modes Of Long-Fiber
Composites

Failure In Compression

Failure Of Laminate Under Off-Axis
Loads

Fatigue

Fiber Architecture

Fiber Fracture And Flexibility

Fiber Packing Arrangements

Fiber Orientation Distributions In Three
Dimensions

Fiber Length Distributions

Fiber Orientation During Processing

Fiber Fracture
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Fiber Pullout
Fracture Mechanics
Frictional Sliding And Fiber Pull-Out

FP Fibre
..
Gas Turbine Combustor Can
Glass Fibers
Glass Transition Temperature
Golf Driving Club
Govering Equations
Graphite Fibers
Growth

Heat Transfer Mechanisms
Helicopter Rotor Blade
Heterogeneous

Hiping

Hook's Law

Hot Press Moulding Of Thermoplastic

Hubble Space Telescope
Hybrid
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Hygroscopic

==
Industrial Applications

Injection Moulding Of Thermoplastic

Interface

Interfacial Chemical Reaction

Inter—Phase Region

Interface Region

Inter—Diffusion And Chemical Reaction

Inter—Laminar Stresses

Interfacial Fracture And Crack Deflection

Interfacial Debonding

Interfacial Thermal Resistance

Isotropic
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Laminates

Layered Ceramic Composites

Liquid Resin Impregnation Routes
Loading Of a Stack Of Plies

Long Fibers

Marine Applications
Matrices

Matrix Deformation
Maximum Stress Criterion
Mechanical keying

Metal Matrices

Metal Composites
Microelectronics Housing
Minesweeper Hull
Misfitting Ellipsoid

Mixed Mode

Netting analysis
Nicalon™ SiC
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Off- Axis Elastic Constant Laminate

Onset Of Inelastic Behaviour
Organic Fibers

Other Failure Criteria

Other Tests

Particulate

PEEK

phase Angle

Pitch-Based

Poisson Contraction Effects
Polymer Composites
Polymer Matrices

Predicted Behaviour
Prediction Of Stiffness

Pressurized Consolidation Of Resin Pre—

Pregs
PULTRUSION

Pure Hoop Loading

PVD
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Powder Blending And Consolidation

= -
Reactive Processing

Racing Bicycle

Random Arrangement
Reinforcements

Residual Stresses

RTM

Rule Of Mixtures

Safe Filament

Saffil

Shear Failure

Shear Stiffness

shear Lag Model

Sheet Processing Rolls
Short Fibers

Silicon Carbide
Single-Fiber Pull-Out Test
Single-Fiber Push-Out And Push—-
Down Tests

SMC

Solute Atoms
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Space Applications
Sport Applications
Spray depaosition

Squeeze Casting

Squeeze Infiltration

Statistical Treatment Of Fiber Strength

Stir casting

Strength Of Reinforcements
Strength of composites
Strength of laminates

Stress In Individual Plies Of a
Laminate

Stresses And Distortions
Stress And Strain Distributions
Stress Transfer Length
Stress Corrosion Cracking
Sub-Critical Crack Growth

Tensile Cracking

Thermosets

Thermoplastics

Thermal Stability

Thermal Cycling Of Laminates
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Thermal Behavior Of Composites

Thermal Expansion And Thermal Stresses
Thermal Stresses And Strains

Thermal Expansivities

Thermal Conduction

Thermal Protection System (TPS)
Toughness—Reducing Coatings
Toughness Of Composites

Transport Applications

Transverse Comprission

Transfer Of Normal Stress Across Fiber Ends

Transverse Creep
Transverse Stiffness

Transverse Tensile Failure

Types of Composite Materials
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