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The history of man-made composite materials(1)

=Ancient Chinese and Egyptians made bricks by mixing straw with clay.
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=The bamboo used so often by the Chinese is an excellent fibrous
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composite.

The history of man-made composite materials(2)

=Reinforced concrete is another example of the application of
composites started in many years ago. Concrete is a relatively
inexpensive structural material which supports a compressive load well
but its resistance to tension is low. By using reinforcing rods ( or
wires), the majority of the tensile stress is borne by the reinforcing
material.

=The history of the development of modern composites can be dated
back to the early 1940s, when fiberglass was first employed to
reinforce plastics and were used to replace the plywood in nose radar
domes known as radoms, to protect aircraft antennas.




The history of man-made composite materials(3)

= The first fiberglass boat was moulded
in 1942.

The history of man-made composite materials(4)

In view of their unique fatigue characteristics reinforced
plastics were applied to aircraft propeller blades around 1950.

In the aerospace industries,
the first re-entry nose-cone
made from phenolic resin and
asbestos fibers was proved
successful in 1956.




The history of man-made composite materials(5)

The Boeing 727 jet airliner introduced in 1960 used 2273 kg of
reinforced plastics resulting in a 33% reduction in weight.

The application of composites to the automobile industry began in
1950s when PMCs were used on the Corvette body.

The history of man-made composite materials(6)

Because of their insulation characteristics, some composites also
find their applications in electrical components. For example,
Fiberglass-epoxy laminates were first used in 1956 for printed
circuit boards.




The history of man-made composite materials(7)

The development of Advanced metal matrix composites was
initiated in the 1960s with the successful manufacture of several
high strength fibers and whiskers and low cost ceramic particulates
which could withstand the relatively high processing temperatures

required for manufacturing of MMCs. These second phase materials
include:

SiC particles

Graphite particles

Boron Fibers \‘ ‘F’)
—

Graphite Fibers

Alumina particles

Alumina Fibers
SiC whiskers

The history of man-made composite materials(8)

The development of ceramic matrix composites started in 1980s .

These composites are mostly considered for high temperature
applications

Inter Turbine component

Hot gas filter system




The histo n-made composite materials(9

Finally research works on nano composites started around the
year 2000.

TEM of Alumina/SiC nanocomposite
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METALS AND
ALLOYS:

steels,
aluminium alloys,
copper & brasses,
titanium, etc.

metal-matrix composites,

ce ic-matrix ites,
(including ordinary reinforced
concrete and steel-fibre rein-
forced concrete)

additions of very hard, or
abrasive, or thermally stable
Cgﬁﬁgﬂé%ss & ceramic particles to
metals:cermets >machine tool
EI USRI (ips for cutting hard metals at
concrete, high speeds or high
temperatures
Making additions of hard, or fire-resistant, or fibre-reinforced plastics
q 9 3 including GRP, CFRP,
simply cheap, ceramic powders to plastics to I SMIPTLE boced fatvice).

make ﬁlled polymers FRP-reinforced concrete

PLASTICS

resins (epoxies, elc.),
thermoplastics,
rubbers,

foams.

textile fibres

p

Figure 1.1. Relationships between classes of engineering materials,
showing the evolution of composites
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This is an example of the unique property of a composite, (The
bending of bimetallics).

Low temperature

b)

FIGURE 16-36 The effects of the thermal expansion eoefficient on the behavior of

bimetallics: (a} increasing the temperature increases the length of ane metal more than
the other. (b] If the two metals are joined, the difference in expansion causes a radius of
curvature to be produced.
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(a) Particulate reinforced composite
(b) Discontinuous fiber reinforced composite

(c) Continuous fiber reinforced composite
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Samples of the Wide Range of Fibre Reinforcements Available
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random discontinuous fibres oriented discontinuous fibres

Lo TEE LT

oriented continuous fibres woven fabrics (side view) braided structure

Reinforcements

Fibres Whiskers Laminar Flakes Filled Particulates Microspheres

|- Short | I—S]ngle crystals
=,

N

Long

-~ Plies

— Threads

—~ Organic

~ Inorganic

— properties of the composites material
and its anisotropy
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Typical Tensile Tensile Strain o Coellicient of
Di Specifi Muodul Streng Failure Theemal Expansion  Paisson's
Fiber (um)” Gravity (GIPa) (GI’a) (%) (10 et Ratio
Glass
E-glass 10 2.54 72.4 345 4.8 5 17
S-glass 10 2.49 86.9 4,30 5.0 2.9 0.22
PAN carbon
T-300° 7 1.76 231 3.65 1.4 —0.6, 7-12 0.2
AS-14 B 1.80 228 3.0 1.32
AS-4 7 1.80 248 4.07 1.65
T-40r 5.1 1.81 290 5.65 1.8 -{.75
IM-74 5 1.78 301 5.31 1.81
HMS-4¢ 8 1.80 345 2.48 0.7
GY-T0r 8.4 1.96 483 1.52 0.38
Pitch carbon
P-55¢ 10 2.0 380 1.90 0.5 -1.3
P-100F 10 2.15 758 241 0.32 =1.45
Aramid
Kevlar 497 11.9 1.45 131 3.62 2.8 -2, 59 0.35
Kevlar 149" 1.47 179 3.45 1.9
Technora® 1.39 70 3.0 4.4 -6
Extended-chain
polyethylene
Spectra 900 38 0.97 117 2.59 35
Spectra 1000 27 0.97 172 30 2.7
Boron 140 2.7 393 3.1 0.79 5 0.2
8iC
Monofilament 140 3.08 400 3.44 0.86 1.5
Nicalon (multi-
filament)’ 14.5 2.55 196 275 1.4
ALO,
FiberFP/ 20 3.95 379 1.90 0.4 83
ALO,-Si0/
F‘?:nﬁur::sgd“con 2-12 2.73 103 1.03-1.72
GLASSES
E-glass: good strength, stiffness, electrical and weathering
properties.

C-glass: good corrosion properties but lower strength

S-glass: more expensive than E- glass because of higher
strength, E-modulus and T resistance.

Tetrahedra of Si and O with covalent bonding

Rigid 3D network

Presence of Ca, Na, K with low valency tends
to break up the network

Lower stiffness and strength but improve 6 i
formability

Yy
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E-GLASS

determining the strength by damage during processing
operations.

Solution: treat glass fibers with a size at an early stage in
manufacture.

What is Size? A thin coating (contain a film forming
polymer polyvinyl acetate, a lubricant and a coupling agent
such as organisilne to bond matrix and fibers.ctiw Jss b

The size serves several purposes:
(a) to protect the surface of the fibres from damage,
(b) bind the fibres together for ease of processing,

(c) to lubricate the fibres that they can withstand
abrasion during subsequent processing operations ,

(d) to impart anti-static properties
(e) to provide a chemical link between the glass

surface and the matrix to increase the interface bond
strength.

S1C

Diamond structure

Low density, high stiffness and strength

Good thermal stability and thermal conductivity
Forms:

A) CVD monofilaments (100-150 Micron)

B) Wiskers (0.1-1 micron) single crystals
C) Particulate; low cost, ease handling and processing.

(Al-SiC particulate)
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ALUMINA AND ALUMINASILICATES

Short fibers: produced by spinning of
viscous and concentrated solution of Al
compounds

Application: high-temperature insulation
purposes

Most common is Saffil™( safe filament)
that contains about 5% silica to stabilize
delta structure of alumina

Reinforcement for Al-based composites

FIBERS FOR PMCs

Filaments of reinforcing material, usually
circular in cross-section

Diameters range from less than 0.0025 mm
to about 0.13 mm, depending on material

Filaments provide greatest opportunity for
strength enhancement of composites

The filament form of most materials 1s
significantly stronger than the bulk form

As diameter 1s reduced, the material becomes
oriented in the fiber axis direction and
probability of defects in the structure decreases
significantly
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(GLASS FIBERS
o Based on Si0, with addition of oxides of Ca,B,Na,Al
o Amorphous but with prolonged heating some
crystallization occur leading to a reduction in

Table 2.3 Glass fibre compositions and properties

Gﬁf-;ry G‘g' w\ S-glass

Commposition (%)

Sih, 324 64.4

W0y + FeaOy 14.4 . 25.0

Cadl 17.2 13.4

Mol 4.0 33 10.3

MNasO + K0 0.8 9.6

13004 10.6 4.7

[0y 0.9 —

I'ropertics

o (Mg me ) 2.60 2.49 248

Eowm K™ 13 13 13

At Kh 49 7.2 5.6

o, (tiPa) 3.45 3.30 4.60

FoGiPay 6.0 69.0 85.5

F ) 550 600 6Al)

REINFORCEMENTS
Table 2.1 Some common {ypes of reinforeement
Form Size (pm) Fabrication route Examples
o L

Monofifaments 100150 o0 CVD onto core SiC (SCS-6"M)
(large-diamgter libres (e o ol Boron
single fibres) Cor W)
Mudtifilanents T-30 o0 Precursor stretching; Carbon (HS & HM)
(tows or woven pyrolysing: melt Glass
rovings with up spinning Nicalon ™
to 14000 (ibres Keviar™ 49
per strand) FP™ alumina
Short fitwes 1-10 S0-5000 Spinning of slurries Saffil™
(staple Obres or solutions, heat Kaowool
aggregated o Trcalment Fiberrax

blankets, tapes,
wool, ete.)

Whiskers 011 5100 Vapour phase SiC

(fine single growth/reaction AlO4

crystils in loose

aggregates)

Particulate 5-20 5200 Steelmaking SiC

(loose powder) byproduct; refined AlLO;
ore; sol-gel By
processing, etc. TiB-

A\R4
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Table 2.2 Fibre properties

Fibre Density Young's Poisson’s Tensile Failure Thermal Thermal

modulus ratio strength strain expansivity conductivity
P i v a, €, o .KI' .
(Mgm™) (GPa) (%) (0 *K"YHy Wm'K™
Sic 30 0.20 24 0.6 40 10
monofilament
Boron 2.6 0.20 4.0 1.0 50 8
monofilament
HM® carbon 1.95 axial 380 0.20 24 0.6 axial =0.7 axial 105
radial 12 radial 10
HS" carbon 1.75 0.20 34 1.1 axial —0.4 axial 24
radial 10
E-glass 2.56 0.22 20 26 49 13
Nicalon™ 2.6 0.20 2, 1.0 6.5 10
Keviar™ 49 1.45 0.35 30 23 axial -6 axial 0.04
radial 54
FP™ fibre 3.9 0.26 2.0 0.5 8.5 8
SaMmi™ 34 0.26 2.0 0.7 7.0 5
SiC whisker 32 0.17 5.5 1.2 4.0 100
Cellulose (flax) 1.0 0.3 2.0 3.0 -
~~ . K
+ High modulus High stiffness
High streneth Low density

Carbon arranged in hexagonal array:
in basal plane (normal to C-axis) covalent bond (E=1000GPA)
Parallel to C-Axis : van der Waals ( E=35GPA)

Fig. 2.1 Schematic representation of the structure of carbon fibres. (From
Bennett and Johnson, 1978),

A%
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Table 3.1 Some important ceramic reinforcements

Particle SiC, TiC, Al,0,

Discontinuous Fibers

(a) Whiskers SiC, TiB,, Al,O4
(b) Short fibers Glass, Al, O3, SiC,
(Al; O53+810,), vapor-
grown carbon fibers

Continuous fibers

Oxide Al; O3, (Al;03+Si10,), ZrO,,
silica-based glasses
Nonoxide B, C, SiC, Si;N4, BN

Fig, 2.5 Transmission electron (TEM ) micrograph ol a SiC whisker, showing the
fine mternal twin strocture.
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Types of Composites

Matrix Ceramic Polymer
phase/Reinforce
ment Phase

Ceramic

lymer

Elemental
(Carbon, Boron,
etc.)

L ! Ll L !

MMC'’s CMC’s PMC’s

Metal Matrix Composites Ceramic Matrix Comp’s_ Polymer Mairix Comp’s

Figure 16.5 Electron micrograph showing
the spherical reinforcing carbon black
particles in a synthetic rubber tire tread
compound. The arcas resembling water
marks are tiny air pockets in the rubber.
80,000, (Courtesy of Goodyear Tire &
Rubber Company.)

Figure 16.4 Photomicrograph of a WC-Co
cemented carbide. Light areas are the
cobalt matrix: dark regions, the particles
of tungsten carbide. 100X, (Courtesy of
Carboloy Systems Department, General
Electric Company.)



