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-Introduction.
-Classifications of composite materials.
- Wetting in composite materials.

- Processing routes.
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- Metal matrix nanocomposite.
- laminated composite materials.
- Hybrid composite materials.

- Some applications of composite materials.






materials to take overall advantage of
their different properties.

- Composite  material  consist  of
strengthening phase embedded in matrix.
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Fig. The material classes from which composites are made.



» Metal Matrix Composites (MMC)
» Ceramic Matrix Composites (CMC)

The matrix is usually a low density metal.

Aluminum
Aluminum - lithium
Magnesium

Copper

Titanium
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Monofilaments
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e« continuous fibres

« whiskers or short
fibres
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o] gole MOl oring witr e neip 0O cmpeaded sensors.(ivic C
with embedded sensors are known as * ) This
feature is used to monitor fatigue damage in aircraft structures

» Composite materials have a high (stiffness-to-
density ratio), Composites offer the stiffness of steel at one fifth the

weight and equal the stiffness of aluminum at one half the weight.
» High specific strength

» The fatigue strength (endurance Ilimit) iIs much higher for
composite materials.



good dimensional stabilit

> parts can be produced with
composite materials.

» Composites offer good impact properties

»The cost of tooling required for composites processing Is
much lower than that for metals processing because of lower
pressure and temperature requirements.




wiaespread use or composite materials.

»Designing parts with composites lacks machinery and design
handbooks because of the lack of a database.

»The temperature resistance and chemicals resistance of
composite parts depends on the temperature resistance of the
matrix materials. Its big problem with polymers base matrix
composites.

»Composites may absorb moisture, which affects the properties
and dimensional stability of the composites.
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Fig. Schematic illustration of contact angle in a (a) non-wetting
system, and (b) wetting system.
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Fig. Bad wetting between as cast Al base matrix and SiC particles.



50 um
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Fig. Optlcal micrograph of A356-25 vol.% SiC composite in as-cast conditions (a) gas
porosity and (b) particle porosity clusters.



lI- electroless deposation technique

2. Addition of elements onto the liquid metal
I- reduction of the surface tension of the melt
lI- reduction of the solid-liquid interfacial energy of the melt
li- iInducing the chemical reaction at the interface

3. Heat treatment of ceramic particulates
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Fig. Effect of heating temperature on SiC recovery in Al matrix composite
when applying (a) stir casting and (b) compocasting techniques.



(Mechanical alloying)

 Diffusion Bonding

3- Liquid phase processes
« Liquid Metal-Ceramic Particulate Mixing
« Melt Infiltration
« Melt Oxidation Processes

« Squeeze Casting or Pressure Infiltration
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Evaluation

Fig. Schematic interpretation of the processing route for P/M
Al/SIC, composites.
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Fig. Optical
micrograph of Al/SIC
composites with 5 um

SiC particles, a) 5
vol.%, b) 10 vol.%, c)
15 vol.%, d) 20 vol.%,

e) 25 vol.%, f) 30
vol.%, g) 35 vol.% and
h) 40 vol.% produced
by hot-press technique.



o5 [ [WAI5.55120% SIiC !
90 |- i
85 |- i
o e 80
" [ i
S 5[ /3 i
© L A
s 70 F /1 i
X
D65t 7
2 el ]
o °0r 56 j
= 55| i .
50 |- i
as |- i
a0 . - ' ' ' ]
Al-20% SiC 0 2 4 6

Ti content (vol.%)

Fig. Effect of Ti addition on the hardness of hot-pressed Al-
5.5S1/20%Si1C composite.



0 | [ W AI-5.55i120% SiC 330 |

320 |- -

295 i

-_ 260
l 233 :
20| 1ﬁ6 I i

Al-20%SiC 0

w
(=]
(=]

N
-]
[=]

N
Y
o

Compressive strength (MPa)

Ti content (vol.%)

Fig. Effect of Ti addition on compressive strength of hot-
pressed Al-5.5S1/20%SiC composite.



«Ability to process a wide variety of matrix metals.

«Control of fiber orientation and volume fractions.

Among Some disadvantages are

*Processing times of several hours.
«Cost of high processing temperatures and pressures.

«Ability to produce objects of only limited size.

Fig.

M

— L0

Schematic depiction of Hot-Roll diffusion bonding process.
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Fig. Illustrates (a) the process of the squeeze casting of a magnesium matrix composite,
and (b) scanning electron micrograph of AM100 composite (20% Vf)



New Trends in Composite Materials



hardness, tensile strength, ductility, density, thermal
and electrical conductivity, and wear resistance.

Metallic composites containing nanoparticles or
carbon nanotubes could offer distinct advantages
over polymeric composites due to the inherent high
temperature stability, high strength, high modulus,
wear resistance, and thermal and electrical

conductivity of the metal matrix.
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2- Diamond

One well known allotrope of carbon.

Diamond is less stable than graphite, but the conversion rate from diamond to graphite
IS negligible at standard conditions

3- Carbon nanotubes

Are cylindrical Carbone molecules with novel properties that make them potentially
useful in a wide variety of applications (e.g., nano-electronics, optics, materials
applications, etc.)., Hexagonal

4- Graphene

A single layer of graphite, has extraordinary electrical, thermal, and physical properties



What are Carbon nanotubes?

Length

Diameter
L/D

Thermal
Conductivity

Tensile Strength
es of CNTs

Single Walled | Multi Walled CNT
CNT

Less than 100nm up to several cm

0.8-2nm 5-20nm
100- 4x10" 20-2x10"%

3500 W/mK
(>diamond)

http://journalclubscienceblog.files.word
press.com/2012/07/multiwall-carbon-
nanotube.jpg



http://4.bp.blogspot.com/JT5P-RJi06I/TF-
http://journalclubscienceblog.files.word/

involving high current.
— This process yields CNTs with lengths up to
50 microns.

« Laser Ablation

— In the laser ablation process, a pulsed laser vaporizes a
graphite target in a high-temperature reactor while an inert

gas is inserted into the reactor.
— Nanotubes develop on the cooler surfaces of the reactor as
the vaporized carbon condenses.

 Other methods where CNTs are created

- Chemical Vapor Decomposition
- Natural, incidental, and controlled flame environments




The increasing demand for CNT’s is driving advances in
CNT synthesis, purification, and chemical modification
technology.

The advances in production are beginning to create new
applications for CNT’s that go beyond the incorporation
of bulk powders.

The most promising areas of research are

microelectronics, biotechnology, water purification, and |+

composite materials.
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Fig. SEM images of CNT-Al particles agglomerates (a) CNT dispersion around the

aluminum particles and (b) higher magnification SEM image.
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Fig. (8)SEM image of CNT-AI particles agglomerates, (b) Hardness evolution of

the aluminum matrix composites with CNT-Al agglomerates concentration.
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Fig. image (TEM) of CuO/CNT powder prepared by molecular level mixing method, b image (SEM)
of the fracture surface of AI/CNT powder prepared by ball milling for 48 h, C image (SEM) of spray
dried Al-Si agglomerates containing 5 wt-%CNT and d 10 wt-%CNT

(reproduced with permission from Wiley Interscience and Elsevier)
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Fig. Schematic diagram showing the experimental setup of ultrasonic method




Al-based
nanocomposites with nanosized SiC

They showed that nano-sized SiC
particles are dispersed well in the
matrix and the yield strength of A356
alloy was improved more than 50%
with of nano-sized SiC
particles. With a 2.0 wt% SiC nano-

particles, an approximately 20%
hardness improvement was achieved

60
55
50 -
A B C
Samples

Fig. Hardness measurements:

(A) Aluminum alloy by regular casting,
(B) Aluminum alloy by ultrasonic-assisted casting, and
(C) Aluminum alloy matrix nano-composite by ultrasonic-
assisted casting



Direction of the
movement of the tool
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Side
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—————— -

Weld zone

Fig.6. Schematic of FSW technique.

Fig. Optical micrographs showing grain
structure of (a) Unaffected substrate material,
. (b) Friction stir processed zone of substrate
— - — S after single pass (SP-Al), (c) Friction stir
Fig. SEM micrographs showing the dispersion of B4C particles after processed zone of the substrate inserted with
single pass (a), three passes (b), and four passes (c) at a rotating and Al,O; powder (SP-Al/ Al,O,), and (d)

advancing speeds of 1000 rpm and 85 mm/min, respectively transition zone of SP-Al/ALO,.



that are difficult to obtain by the

traditional method of liquid
metallurgy. High thermal stable
amorphous alloys, nanocrystalline
and nanocomposite materials, and
refractory hard materials,
including metal nitrides, carbides,
hydrides are examples of the
advanced engineering materials
that are prepared at room
temperature.
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Fig. (a) BFI planner view of the end-product of
nanocomposite WC/ Al>Oz after consolidation and the (b, c)
HRTEM images of the indexed Regions I and 11

Fig. SEM micrographs of the ball-milled powders after, (a) 3.6 ks

of the milling time (b) cross-sectional view of the samples (¢) SEM

(d) BFI micrographs (e) SADP of the powders after the final stage
of milling



powders after the ball hilling
time.

Fig. TEM micrograph of (a)
BFI and (b) the
corresponding SADP of as-
consolidated mechanically
solid state mixed WC-14
wt.% Co, ball-milled for
259 ks.

S0 s



. Filaments
Individual tows

8 hamness satin weave Plain weave

4 shaft satin weave 8 shaft satin weave
Example: Example: Example: Example:
Style 3K-135-8H carbon Style 3K-70-P carbon Style 120 fiberglass Style 1581 fiberglass

1
'

Crowfoot satin weave 8 shaft satin weave
Example: le:

5 hamess satin weave
Example:

Style 285 Keviar® Style 1K:50-5H carbon Style 181 fiberglass

Fig. Nonwoven material (stitched).

Fig. Typical fabric weave styles.




fiber reinforced

glass fiber

trademark para-aramid synthetic fiber

the manufacture of tires and other rubber products and protective gear such as
helmets and vests.

3. Carbon/Graphite: Carbon fibers are very stiff and strong, 3 to 10 times
stiffer than glass fibers. Carbon fiber is used for structural aircraft applications,
such as floor beams, stabilizers, flight controls, and primary fuselage and wing
structure.

4. Boron: Boron fibers are very stiff and have a high tensile and compressive
strength. The fibers have a relatively large diameter and do not flex well;
therefore, they are available only as a prepreg tape product.

5. Ceramic Fibers: Ceramic fibers are used for high-temperature applications,
such as turbine blades in a gas turbine engine. The ceramic fibers can be used
to temperatures up to 2,200 °F



http://en.wikipedia.org/wiki/Fiber_reinforced_plastic
http://en.wikipedia.org/wiki/Glass_fiber
http://en.wikipedia.org/wiki/Trademark
http://en.wikipedia.org/wiki/Para-aramid
http://en.wikipedia.org/wiki/Para-aramid

Reprinted with permission from

D. Hull and T.W. Clyne, An Introduction to Composite Materials, 2nd ed.,
Cambridge University Press, New York, 1996, Fig. 3.6, p. 47.
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strength and impact strength which cannot be
realized in composite materials.

OHybrid composites are usually used when a
combination of properties of different types of
fibers have to be achieved, or when longitudinal as
well as lateral mechanical performances are iy vyrid Laminates - Glass
required. & Carbon

dHybrid fiber reinforced materials can be made in
two separate ways either by intimately mingling
the fibers shown in figure in a common matrix, or
by laminating alternate layers of each type of
composite.



Aft flaps
e Outboard (graphi
Flap support fairings e Inboard (graphite
e Fwd segment (graphite/Kevlar fiberglass)

+ non-woven Kevlar mat)

: Rudder
e Aft segment (graphite/fiberglast

Tip fairings ~ (graphite)
(fiber glass) Fixed trailing edge

Y panels (graphite/Kevlar
» ,
J Elevators

7]~ +non-woven Kevlar mat)
4
/]
. \\\ (graphite)

Engine strut
fairings (Kevlar/
fiberglass)

Environmental control
system ducts
(Kevlar)

Fixed trailing edge panels

Nose landing upper (graphite/fiberglass)

S dqors lower (graphite/Kevlar
(graphite) Spoilers + non-woven Kevlar mat)
Wing-to-body fairings (graphite) Fixed t.ralhng edge panels
(graphite/Kevlar Cowl (graphite/Kevlar + non-woven
fiberglass) components Kevlar mat)
and (graphite/Kevlar (graphite) Wing leading edge lower panels
+ non-woven Kevlar mat) (Kevlar/ fiberglass)

* Body main landing gear doors (graphite)

e Trunnion fairings and wing landing gear doors
(graphite/Kevlar)

e Brakes (structural carbon)




N

(ay

HRSI

Exposed
metal
FRSI LRSI AFRSI
AFRS!

HRSI AFRSI
Exposed
metal

o] [=]
1= A HRSI
- FRSI
HRSI and LRSI RCC  Exposed LRS!

metal

Side surface view

Ficure 20.16  Locations of the various components of the thermal protection
system on the Space Shuttle Orbiter: FRSI, felt reusable surface insulation;

Atlantis Space Shuttle Orbiter, USA



Boeing 787 Dreamliner
(50% composites by weight)

B Carbon laminate
B Carbon sandwich
B Other composites
B Aluminum

B Titanium
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Fig. Hybrid Composite Helmet Design.
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Fig. Hybrid wind turbine system
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Fig. Pedestrian Bridge in Okinawa, Japan made of Hybrid Composite.
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Application of Composites

I

Lance Armstrong’s 2-1b. Trek bike,
2004 Tour de France
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PREPREG PRODUCTION PROCESSES

* Prepreg is the composite industry’s term for continuous fiber reinforcement pre-impregnated with a polymer resin
that is only partially cured.

* Prepreg is delivered in tape form to the manufacturer who then molds and fully  cures the product without having to add
any resin.

* This is the composite form most widely used for structural applications



Preforming Curing Pullers

die die
rovings
Resin Adapted from Fig.
impregnation 16.13, Callister 7e.
tank

* Production rates around 1 m/min.

* Applications are to sporting goods (golf club shafts), vehicle drive shafts
(because of the high damping capacity), nonconductive ladder rails for
electrical service, and structural members for vehicle and aerospace

applications.



Pultrusion

+ Fibers are impregnate with a prepolymer, exactly positioned with guides,
preheated, and pulled through a heated, tapering die where curing
takes place.

Forming Preheat Cooling Pull

wi_ LW gy VW a5«
w VI + 111t Q=L

* Emerging product is cooled and pulled by oscillating clamps
* Small diameter products are wound up

* Two dimensional shapes including solid rods, profiles, or hollow tubes,
similar to those produced by extrusion, are made, hence its name
‘pultrusion’



Helical winding

)N

(r—

Circumferential winding

Adapted from Fig. 16.15, Callister 7e. [Fig.

16.15 is from N. L. Hancox, (Editor), Fibre

Composite Hybrid Materials, The Macmillan
Company, New York, 1981.]



A spray gun supplying resin in two converging streams into which
roving is chopped

- Automation with robots results in highly reproducible production

- Labor costs are lower

Chopper Mold

-c.*.:e.'.-':-f;"?"’ F
Catalyzed S a
resin pray

gun

Accelerated
resin




Adapted from Fig. 16.15, Callister 7e.
S N v [Fig. 16.15 is from N. L. Hancox, (Editor),
’)...." Fibre Composite Hybrid Materials, The
Macmillan Company, New York, 1981.]
r—

Helical winding

)N

O‘ﬁ

Circumferential winding




Preforming Curing Pullers
die die

impregnation
tank

Adapted from Fig.
16.13, Callister 7e.
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Yield strength

aluminium alloys

[5]

Compressive strength compressive stress

shear strength

Tensile strength tensile stress

tensile failure in the manner of ductile failure (yield as the first stage of that failure, some
hardening in the second stage and breakage after a possible "neck™ formation) or brittle
failure (sudden breaking in two or more pieces at a low stress state). Tensile strength can be
quoted as either true stress or engineering stress, but engineering stress is the most
commonly used.

is a measure of the strength of a material or a component under cyclic
loading, and is usually more difficult to assess than the static strength measures. Fatigue
strength is quoted as stress amplitude or stress range (), usually at zero mean stress, along
with the number of cycles to failure under that condition of stress.

, I the capability of the material to withstand a suddenly applied load and is
expressed in terms of energy. Often measured with the or
, both of which measure the impact energy required to fracture a sample. VVolume,
modulus of , distribution of forces, and yield strength affect the impact strength of a
material. In order for a material or object to have a high impact strength the stresses must be
distributed evenly throughout the object. It also must have a large volume with a low
modulus of elasticity and a high material yield strength


http://en.wikipedia.org/wiki/Yield_(engineering)
http://en.wikipedia.org/wiki/Aluminium_alloy
http://en.wikipedia.org/wiki/Strength_of_materials#cite_note-5
http://en.wikipedia.org/wiki/Compressive_strength
http://en.wikipedia.org/wiki/Compressive_stress
http://en.wikipedia.org/wiki/Shear_strength
http://en.wikipedia.org/wiki/Tensile_strength
http://en.wikipedia.org/wiki/Tensile_stress
http://en.wikipedia.org/wiki/Fatigue_(material)
http://en.wikipedia.org/wiki/Strength_of_materials#cite_note-6
http://en.wikipedia.org/wiki/Impact_resistance
http://en.wikipedia.org/wiki/Charpy_impact_test
http://en.wikipedia.org/wiki/Charpy_impact_test
http://en.wikipedia.org/wiki/Elasticity_(physics)
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