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Ti1 €ival eva guvBeTo UAIKO ?

@ Ti €ival €va ZUVvOeTO YAIKO?

AUOTUXWC OEV UNAPXEI £VAG EUPEWC ANOOEKTOC OPITUOC YIa TO TI AKpIBWC €ival €va
gUvOeTO UAIKO. 'Evac ano Toucg opigpouc ival:

“ ZUvBeTro YAIkO (composite material) sivar eva ovornua uAikwv nou npokUnTel arno

TNV wién n Tov ouvouaaouo dUO N NEPICTOTEPWV VAVO- , UIKPO-, 1 UAKPO - OUVIOTWOIWV
(UAIKwV) Ta onoia diapepouv aTnv doun Kai TNV xnNUIKN ouaraan Kai eivar adidAuta To

gEva aTo dAAo”.

'Evag deuTeEPOC OPIOUOC Eival:

“Eva ZuvBeTo YAIKO napdyeral ano Tov ouvouaauo OUO 1 MNEPITTOTEPWV UAIKWV LE
OKOIMO va rpoKUWEl eva UAIKO LE 1010TNTEC OIAPOPETIKEC EKEIVWV TWV APXIKWV UAIKWOV".

EvowpaTtwvovTtac ivec (fibers) n kokkouc (particles) evoc uAikoU gs €va aAAO UAIKO
nou ovopaderal unTpa (matrix), o oxedlaoTnc Tou cuvBETOU (composite), punopsi va
EMITUXEI 1I010TNTEC NOU KAVEVA ANO TA APXIKA UAIKA OeV EXEL.



OPIZMO2 TOY 2YNOETOY YAIKOY

“Ovopaloupse ouvOeTo UAIKO (composite material), eva UAIKO Nou NMPOKUMNTEI ano TNV
(PUOIKN 1N PNXavikn avapiEn dUo r NEPICTOTEPWY UAIKWV PE OKOMO TNV avanTu&én €vog
VEOU UAIKOU TO Ornoio va €xel evOlaueoeC I010TNTEC ANO €KEIVEC TWV CUVIOTWOWV
Ppagewv”.

'ETol, 0 €va ouvOeTo UAIKO, OIOKPIVOUPE TNV OUVEXRN Paon (continuous phase) n
HATPa (matrix) kal TNV/TIC ¢aan/Ppaccic evioxuang (reinforcement).

M.x. 2e eva GFRP (Glass Fiber Reinforced Plastic), n ynTpa €ivar To NAAoTIKO Kal n
EVIOXUTIKN paan €ival ol iveg yuaAiou.

>e eva CFRP (Carbon Fiber Reinforced Plastic), n untpa €ivar To nAaoTIKO Kai n
EVIOXUTIKN (paan €ival ol iveg avbpaka.



Tunol MNTpac kal EvioxuTikwv
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Ewdikec Katnyopiec ZuvBetwy YALKWV

In addition to the above categories, there are the following categories:

Laminates: These usually consist of several layers in each of which long fibers are arranged in parallel in a
different direction per layer.

Sandwich Composites: These usually consist of two metal surfaces (skins) and between them is a third
material called the core (Core).

Hybrid Composites: These are composites that are reinforced by two or more types of inclusions that
differ in either nature, or geometry, or both.

Composite materials reinforced with fiber fabrics (Woven)
Natural composites e.g., the wood, the bones, the tissues.

Green Composites, where the reinforcement and the matrix are made of natural raw materials.
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Matrix: Function

Matrix

Made from Metal, polymer or ceramic
Continuous phase
Some ductility is desirable

Functions
2 Binds the reinforcements (fibers/particulates) together
a2 Mechanically supporting the reinforcements
2 Load transfer to the reinforcements

a Protect the reinforcements from surface damage due to
abrasion or chemical attacks

2 High bonding strength between fiber and matrix is important

> however the distribution of loads depends on the interfacial bondings
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MNAekta (Woven)

Where:

Represents the matrix

Represents one layer
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Tunoil NMAaénc (Types of Knitting)




IoTopikn avanTtu&n kai Xpnon Twv YAIK®WV
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1. duoika ZuUvOeTa

2.

Eupeia Ta&ivounon Towv ZuvBeTwVv YAIKWV

MikpooUVOEeTa

MakpoouvOeTa

NavoouvOeTa

Classification of Composites.(l)

1) Natural Composite Materials:
Wood; bamboo; bones: muscles and other tissues

2) Microcomposites

Metallic alloys, Polymer blends, Fibre reinforced composites (PMCs,

MMCs, CMCs); Particulate reinforced composites
3) Macrocomposites

Coated sheets-galvanized steel

Laminate composites
Sandwiches-honeycomb and foam structure

4) Nanocomposites

Polymer composites reinforced with clay minerals, BN, fullerence,
Carbon nanotubes, Graphene.
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KATHIOPIEZ MIKPOZYNOETSCQN

1.

ZUVEeYXEIC (HakpEC) iveg HEoa o€ Hia ouveXn HATpPa (continuous or long fibers
in a matrix): napaAAnAecg ivec (aligned fibers) ) Tuxaiou NnpooavaToAIgUoU
(random).

. 'Iveg pikpoU pAKoOUG (short fibers) pEéoa o€ pia ouvexn HATPA: NapaAAnAec

ivec (aligned) n Tuxaiou npooavaTtoAiguou (random).

. Kokk®wdn ouvOeTa uAika (Particulate composites): (Ta owpaTtidla HNopei va

gival o@alpikd, enineda, eAAIPoeIdn), akavovioTou aXNUaToc, Keva rn oupnayn)
(spheres, plates, ellipsoids, irregular, hollow or solid).

. Alaonopa ocwpaTidinv ge pia pATPa (Dispersion strengthened), €ival onwc Kal

oTn TPITN NEPINTWON, YE TN dlagpopd OTI Ta owuaTidla exouv dlaoTdacelc <10-8m.

. MoAUoTPpWTA KAl OTPWHATIKEG BONEG (Laminates and Lamellar structures).
. AAAnAodi1axeopeva dikTua cuvbeTWY NoAUPEpPOUC-noAupepouc (Polymer-

Polymer Interpenetrating Networks IPN).

. YBp181ka guvOeTa UAIKA e eviaoXUael OUO 1 NEPITTOTEPWYV UAIKWV OIAPOPETIKNG

puUONC N Kal d1aPopeTIKNG YewUETpiac (hybrid composites).

12



MIKPO-2YNOETA KAI NANO-2YNOETA

[evika, eva HIKPOOUVOETO UAIKO (micro-composite) anoTeAeiTal ouvnBwc and duo n
NEPIOTOTEPA UAIKA MOU €XOUV OUO N MEPICTOOTEPEC (PATEIC UE ETEPOYEVEIC XAPAKTNPEG,
OMoOU TOUAAQXIOTOV N Mia €ival ge JIKPOOKOMIKN KAiJaka.

EninA€ov, eva ouvBeTo pnopei va Ta&ivounbei wc vavoouvOeTo (nano-composite) o6Tav
TOUAAQXIOTOV Hia anod TIC d1a0TACEIC EVIoXUONG BPiOKETAl aTNV NEPIOXN VAVOUETPpWV (ano
10 ewg 200 nm).

Tooo Ta PIKPO-OUVOETa 000 Kal Ta vavo-guUVOETa €XOUV NMOAAEC UMOTXOMEVEG UNXAVIKEG,
OEPUIKEC, NAEKTPIKEG, OMTIKEG KAl AAAEC EvOIAPEPOUTEC 1I0I0TNTEC NOU TIC KABIoTOUV €va
nedio evepyoU egpeuvnTikoU €vOIAPEPOVTOC TOOO OTOV akadnuaikd 000 Kal oToVv

Blounxaviko Xwpo.

'Eva pIKpo-OUVOETO E€VIOXUMEVO ME IVEC NEPIEXEl IVEC UWNANG AVvTOXNG Kal PETPOU, ME
O01a0TACEIC TNG TAENC TWV HIKPWYV, EVOWHATWHEVEC O MiIa PNTPA ME OIAKPITEC PETAEU
Touc diempaveleg (interfaces/interphases).

13



Tunikeg Id10TNTEC TWV UD-FRP

i

M~

Typical properties of unidirectional-fiber-reinforced epoxy resins
Fiber type
Graphite
Property E-Glass Kevlar 49 (Thornel 300)
Fiber volume fraction : 46 60-65 63
Specific gravity 1.80 1.38 1.61
Tensile strength, 0° (MPa) 1104 1310 1725
Tensile modulus, 0° (GPa) 39 83 159
Tensile strength, 90° (MPa) 36 39 42
Tensile modulus, 90° (GPa) 10 5.6 10.9
Compression strength, 0° (MPa) 600 286 1366
> Compression modulus, 0° (GPa) 32 73 138 C

Compression strength, 90° (MPa) 138 138 230
Compression modulus, 907 (GPa) 8 5.6 11
In-plane shear strength (MPa) — 60 95
In-plane shear modulus (GPa) — 2.1 6.4
Longitudinal Poisson ratio (v, ;) 0.25 0.34 0.38
Interlaminar shear strength (MPa) 31 69 113
Longitudinal cocfficient of thermal

expansion (107°/°C) 5.4 -2.3 to —4.0° 0.045
Transverse coefficient of thermal

expansion (107°/°C) 36 35° 20.2
“~79°C 1o +100°C.
*~195°C to +120°C.




Eidikeg Id10TNTEC (Specific Properties)

Me Tov O0po “€101kN 1810TNTA” (Specific property) evvooUde Tov AOYO TNG TIMNG TNG
1010TNTAC NPOC TNV NUKVOTNTA TOU UAIKOU.

'ETO1, £XOUME TOUC Opouc €101kO HETPO (specific modulus), €10ikn avToxn (specific
strength), KTA.

Ei01kO JETPO = PETPO EAAOTIKOTNTAC / nukvoTnTa = E/p
Eidikn avtoxn = avrtoxn / nukvotnTa = g,/p

H €101kn 1810TNTA ekPppadel TNV TINAN TNG 1010TNTAG ava povada padlac  Bapoug Tou
UAIKOU.

Ta noAupEPIkKG oUVBETA UAIKG €XOUV NOAU UWNAOTEPEG €IOIKEC I01I0TNTEC AMNO TIG
avTIOTOIXEC I010TNTEC TWV NapadooiakwV PJOVOoAIBIKwWY UAIKwY. AUTOC €ival Kal o
KUPIOTEPOC AOYOC KATAOKEUNG KAl XPNONG TWV OCUVOETWYV UAIKWV.
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>Uykpion Twv Eidikwv IdiotThTwv Twv Mapadooiakwyv

KAl TOV ZUVOETWV YAIKWV

Material Specific |[Young's |Ultimate |Specific  |Specific
Gravity |Modulus | Strength |Modulus | Strength
Units GPa MPa GPa-in"/kg |MPa-m’/kg
Graphite 1.8 230 2067 0.13 1.1
Unidirectional Graphite/Epoxy |1.6 181 1500 0.11 0.94
Cross-Ply Graphite/Epoxy (1.8 96 373 0.060 0.23
Quasi-Isotropic Gr/Epoxy 1.8 70 276 0.043 0.17
Steel 7.8 207 648 0.026 0.083
Aluminum 2.6 69 276 0.026 0.106

Specific strength (mm)

120

100

@
(o=

D
G

1040 steel

2048 Al
Ti-SAl-2.55n

Epoxy

Glass/epoxy

Kevlar/epoxy

Clepoxy

Al, Os/epoxy

Wood

Noncomposites

Composites
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Table 1.4. Comparison of some typical values of the properties of engineering materials at 20 °C

Coef- ipecxﬁc Sp“.:'ﬁc
fcient of oung's  tensile
Elonga- thermal ?ogn'g:s‘l :?m:gth'm Heat
Young's  Tensile tion to expan- : WS A SUSHER. rasisi-
Density modulus  strength fracture sion density density ance
Material (Mgm™) (GNm=3) (MNm™?) (%) (10°C-') (GNm™%) (MNm™?) (°C)
High strength 2.80 72 503 11 24 25.7 180 350
Al-Zn-Mg alloy
Quenched and tempered 7.85 207 2050-600  12-28 11 264 261-76 800
low alloy steel .
Nimonic 90 8.18 204 1200 26 16 249 147 1100
(nickel-based alloy)
Nylon 6.6 1.14 2 70 60 90 1.8 61 150
Glass-filled nylon 1.47 14 207 2.2 s Lok 9.5 141 170
(¥ =0.25)
Carbon fibre-epoxy
resin unidirectional
laminae (}; = 0.60)
(i) parallel to 1.62 220 1400 0.8 -0.2 135 865 260
fibres
(ii) perpendicular 1.62 7 38 0.6 30
to fibres
Glass fibre-polyester
resin unidirectional
laminae (}; = 0.50)
(i) parallel to 1.93 38 750 1.8 11 19.7 390 250
fibres
(ii) perpendicular 1.93 10 22 0.2
to fibres
Glass fibre—polyester 1.55 8.5 110 2 25 5.5 71 230
resin planar
random fibres

(V% = 0.20)




>UuvbOeTa YAIka Tunou Sandwich pe nupnva

HONEYCOMB

Face sheel

o~ }F abebcated
sandwich
panel

(o) (b) (€) g

FIGURE 16-37 A hexagonal cell honeycomb core (a) can be joined to two f.ace shests
by means of adhesive sheets (b), producing an exceptionaily lightweight yet stiff, strong
honeycomb sandwich structure (c).

Face sheel
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FIBER — METAL - LAMINATES

VARTM

Process

0° - direction
= rofling direction aluminum layers

2

T 907 - direction 2

o Al layer

_ UD prepreg layer with
fibers in 0° - direction

UD prepreg layer

527« with fibers in 90° -
direction

<Al Layar

; UD prepreg 90°

e \UD prepreg 0°

\ Al. Layer

fiber metal laminate
/  upper face

/

~-Adhesive

Core (foam)

\‘\Adhesive

/ fiber metal laminate
lower face
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FMLs including
aluminium alloys

ARALL

Aramed itee reinforced
alumervum iamnate

CARALL
Cardbon fibee reinforced
alurmensum Lamnate

GLARE
Glass Nbre reinforced
alumendum lamnate

Classification of FMLs

FIBREMETAL LAMINATES

FMLs including
alternating metal alloys

ARALL 1
ARALLZ | Titanium based
S ARALL3 FMLs

)o
2
f

4o

:%

Magnesium based
FMLs

. ; '
N o ~ ™~
|515]5
HEIME M lﬁ
W .- w [

OLARE 6
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ARAMID - ALUMINUM - LAMINATE (ARALL)

AL 2024-T4

0 Kevlar/Epoxy
90 Kevlar/Epoxy
0 Kevlar/Epoxy

AL 2024-T4

0 Kevlar/Epoxy
90 Kevlar/Epoxy
0 Kevlar/Epoxy

. Thickness Length  Width  Volume Az e
Material % T
(mm) (mm) (mm) Fraction
Aluminum 0.305 255 e B 0.68
2024-T4
Kevlar/ Epoxy 0.45 255 259 0.32

Composite



CARBON - ALUMINUM - LAMINATE (CARALL)

Polyester Veil Cloth

AL~y

Y CARALL -4 CARALL- A with Veil Cloth Layers

(b)

AL

Polyester Veil Cloth {\

CARAIL-B CARALL- B with Veil ClothLayers
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Glass Laminate Aluminum Reinforced Epoxy (GLARE)

To Glass Laminate Aluminium Reinforced Epoxy (GLARE)

gival eva noAuoTpwpaTikd Fiber-Metal Laminate (FML) nou
anoTeA&iTal anod NoAAG NoAU AenTd oTpwPATA PHETAAAOU
(ouvnBwc aAoupivio) Pe oTpwpaTa Prepregs ualou S-2,
ouvOedeeva NETAEU TOUC PE KOAAA ano €no&eidiko. Ta
prepregs HE iVEG HOVNG KaTeELBUvVONG UnopouV vda
guBuypappioToUV o€ OIaPOPETIKEC KATEUOUVOEIC YIa va
Taipialouv oTIC NPOBAENOUEVEC OUVONKEC KaTanovnongc.

AlaBeTouv kKaAuTepo "damage tolerance" (avoxn o BAGBN), €101ka gs kpouaon Kal KONWaon.
Aedopevou OTI N EAACTIKN KATANOvVNON €ival HeyaAuTepn and aAAa PETAAAIKG UAIKG, Ynopei va

KATAVAAWOEl MEPICTOTEPN EVEPYEIQ KPOUONG. ZNAEI M0 eUKOAA aAAG €xel eyaAUTEPN avTioTaaon
dleioduonc.

KaAUTepn avtoxn otn diaBpwan.
KaAUTepn avtoxn otn GwTId.

XaunAoTepo €101ko Bapoc.

23



Glass Laminate Aluminum Reinforced Epoxy (GLARE)
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Tunoi ka1 I810TnTeG GLARE

Glare grade Sub Al sheet thickness (mm) Prepreg orientation in Main beneficial
each fiber layer characteristics
Glare 1 - 0.3-0.4 (7475-T761) 0/0 Fatigue, strength, yield stress
Glare 2 Glare 2A 0.2-0.5 (2024-T3) 0/0 fatigue, strength
Glare 2B 0.2-0.5 (2024-T3) 90/90 fatigue, strength
Glare 3 - 0.2-0.5 (2024-T3) 0/90 fatigue, impact
Glare 4 Glare 4A 0.2-0.5 (2024-T3) 0/90/0 Fatigue, strength, in 07 direction
Glare 4B 0.2-0.5 (2024-T3) 90/0/90 Fatigue, strength, in 90° direction
Glare 5 - 0.2-0.5 (2024-T3) 0/90/90/0 Shear, off-axis properties
Glare 6 Glare 6A 0.2-0.5 (2024-T3) + 45/- 45 Shear, off-axis properties
Glare 6B 0.2-0.5 (2024-T3) - 45/+ 45

Light weight outer box CFRP upper deck & =
‘ : Pl Fin box, rudder HTF
box and elevators in
Uppe . fuselage : monolithic CFRP
panels in GLARE '

design floor berns

CFRP pressure
bulkhead

““‘7-

aluminum alloys

Advanced aluminium alloys for

mner and mid-wing covers

fiber/epoxy prepreg CFRP céntre

wing box
Welded stringers SPFDB/titanium in  Thermoplastic fixed

on lower fuselage panels wlon wing leading edge 25



Table A. Commercially Available GLARE Grades'

Grade

GLARE 1
GLARE 2
GLARE 3
GLARE 4
GLARE 5
GLARE 6

Al Layers Fiber Layers
Typical
Thickness per Thickness per Density
Alloy Layer(mm) Orientation Layer(mm) (g/cm?)
7475-T76  0.3-04 Unidirectional 0.25 2.52
2024-T3 0.2-0.5 Unidirectional 0.25 2.52
2024-T3 0.2-0.5 0°/90° Cross-ply(50%-50%) 0.25 2.52
2024-T3 0.2-0.5 0°/90°/0° Cross-ply(67%-33%) 0.375 2.45
2024-T3 0.2-0.5 0°/90°/90°/0° Cross-ply(50%-50%) 0.5 2.38
2024-T3 0.2-0.5 +45°/-45° Cross-ply(50%-50%) 0.25 2.52

Mote: The typical density here refers to laminates with (0.3 mm aluminum thickness and 2/1 lay-up.




Crack growth resistance K_ (MPa*'m'?)
-

>upnepipopa oe Bpauvon kal Konwon Tou GLARE

Figure 2. The fracture behavior of GLARE
laminates. (a) Fracture toughness at room
temperature by R-curve method;??” (b)
fracture process within GLARE 2 and 3
originating from a fatigue starter crack.®
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>updnepipopa ae Kpouon Tou GLARE

> 100 90
ot V777 Stati
'l " ol
o 53
i 100 70+ 67 2024-T3 bare
] - High velocity —=
E 70 X GLARE 3 60
[ 360 @
3 %r 5 o
£ 50- wi S0
=) e
> 40 - = 40 & 37
o ° GLARE 4
@ 30- S30f
= = 22 - 21 =
g 20 - 20 H
E 10- 32 ||a3 || 54| 65 3
k= 78t ZN: 10403 ||/03]|]|03]|]|03 0.
= 0 20243 T3 bare m . 23
GLARE3 3/2-0 3 Carbon/PEEK carbon-PEEK 0

t=1.24mm t=1.42mm quasi-isotropic  cross-ply 142 196 254 3.10 1.68 180 203 312

a t=2.05mm t=1.37mm b Nominal Thickness (mm)

Figure 4. The impact behavior of GLARE. (a) A comparison of impact
performance of GLARE 3 and other aerospace materials; (b) low-velocity
impact performance of cross-plied GLARE laminates.?*%%
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Mapadeiypata Ouolkwv

SUVOETWYV YAIKQV

Examples of Natural Composites

*$* Wood
® Cellulose Fibers

Compact Bone & Spongy (Cancellous Bone)

Lacunae containing osteocytes Qsteon of compact bone
M ngmn Matrix Lameliae ——agabbeReie -".-',.j':.':,';*;.’/_ Trabecuae of spongy
. Canalicull —WEata T T bone
A X4 Bones Y Al ) Y,
" Collagen Fibers Osteon = SSCoMRRIRPS e Haversian

® Mineral Matrix Periosteum

Volkmamn's canal
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Q Secondary wall
\% I/ﬁ s Inner fayer (S,)
S

Middle layer (S,)

Primary wall Outer layer (S,)

Middle lamella

The cells in timber are very roughly rectangular in cross-section,
The morphology of the cell walls is complicated but the dis«
position of the cellulose molecules and fibrillae is preponderantly
helical, semething like this diagram. (2 Crown copyright.)
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H AvigoTtponn doun Tou ooToU

Trabecular bone
Trabecular packet Collagen / Mineral

] and lamella composite

h " Mineralized

' | c?lagen fibers /
- Osteon \" N\ '

and lamella

Cortlcal ' é ‘ ‘ : \
bone * ‘@/!

Alpha
chains

Organ and Microstructure and Nanotructure and Molecular
tissue sub-microstructure ultrastructure structure

10'm 10“m 107m 10°m 10"%m



Eqpappoyec Twv FRPs

Use of CF on percentage

. Other 7%
0,
Marine 2% o \

Civil engineering 5%

Aerospace

i and defence 30%
Pressure vessels 5%

Automotive 11%

Moulding and ind
compound 12% turbines 14%

Sports/Leisure 14%

(@)

GRP production on percentage

Sports an Others 1%
leisure
15%
ConstruCtion I !:ectronics

Transport
35%

34% 15%

(b)

Aircraft composite content over time

60%
50%
40% @ A350
® A400M
30%
e @c? @®A380
0
® A340-500/600
10% a310 ®A320 777® @ A340
e ®767
757

1980 1985 1990 1995 2000 2005 2010

Source: Hexcel Corp., Aerostrategy

(c)
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Xpovikn EEEAIEN Twv Epapuoywyv
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Application of Composites
on Flight Vehicles

ARES V

Structural

Components

Fuselage

Wings

Elevators

Vertical Stabilizers

Rudders

Ailerons

Doors Shuttle -
Rotors S?,L%z Bey
Tank Structure

Composite
Crew
Module

Beech Star ‘ _
Ship

DC 10 Rudder

Honda Jet
B727 and Vertlcal Composite

Material Systems
Gr/Epoxy

Gr/Polyimide
Gr/Bismalimide

L 1011 Aileron B/Epoxy
B737 Hor. Stab.

Figure 1
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Epapuoyec Twv ZuvBeTtwv YAIkwv oto AIRBUS A380

GLARE® in Upper Advanced cabin CFRP Floor Beams High performance KBE design

Fuselage materials for Upper Deck cutting CFRP J-Nose

CFRP Quter Flaps
/ CFRP Vertical
Tail Plane

CFRP Horizontal
Tail Plane

~ . T X
R o - ".‘. -
..t. -
"Th 4 ot __.'. ’
P - v
p— - . >
s R : -«

Y F

BW, Lower Fus‘elage

CFRP

: 7
Electron Beam Welding / Section 19.1
5 >

= :
CRRRL | .-.4;_9«; e
_~_ CFRP center wing box CFRP CFRP Rear Pressure CERP Y
More & New Ti-material Wing Ribs Bulkhead Section 18
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A350 XWB STRUCTURAL DESIGN
Nose section (carbonfibre or aluminium)

Fin (carbonfibre)

Fuselage section (carbonfibre skin pane (carbonfibre, one
doublers, joints and stringers, with aluminium frames) piece section)

Four shell skin A350 XWB material breakdown
panel concept
, a m @ Aluminium/Aluminium lithium
@ Steel

,“7% @ Titanium

) s

Aluminium frames

Carbonfibre skin panel  Note: A350-900 shown

Figure 1. A350 XWB materials
Source: Flight International

Materials used in 787 body s

I Fiberglass W Carbon laminate composite :  Total materials used
B Aluminum M Carbon sandwich composite i Byweight
Aluminum/steel/titanium :

: By comparison, the 777 uses 12 perceat
: composites and 50 percent aluminum.

Figure 2. Comparison between B777 and B787
Source: Aviation beta (2015).

Epappoyec Twv Z.Y. ZTnVv Agpovaunnyikn

[ carbon fiber reinforced plastic (CRFP)

[ ] Glassfiber reinforced plastic (GFRP)

I Quartz fiber reinforced plastic (QFRP)

[ ] Glass Reinforced Aluminium Laminate (GLARE)

25% of Structure weight

/ §§ cAREoN

COMPOSITES
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Edappoyec twv 2.Y. oto Boeing 777

Composites 1n a Boeing 777

B Toughened carbion fiber reinforced

— Qutboard aleron Fin torque box
lastic (CFRP) ’ ¥
: / (Hybrid) T-CFRP
. CFRP T Stabilizer torque box — _
B syord T-CFRP
S OQutboard llap

& Fiberglass ' (Hybrid)

(Fiberglass) — Flaperon (Hybrid) -

| — Inboard llap e

Wing fixed leading edge

— S

/ -—
- g ‘

(Fiberglass)
Trailing edge paneis

“— Leading and trailing
edge pancls

/
/
J T X
Bommsimmmm e ———————

Strut fwd and aft fairings ——

=7
\\

(Hybrid) (Fiberglass)
Wing-to-body fairing
~ g \ — (—CFRP) 7~ Inboard and outboard
Nosle /,/-"4 \\.\ 0 spollers (CFRP)
3 /\\,\\\x\\&\ P
\ \\x o / ‘-Q}‘:T\:;;-a)

' s gear doors — g -
e N (Hybrid) _E(H)hndl) '
\— Nose gear doors (Hybrid) bbb s



Epappoyec Twv Z.Y ota Mrepuyia Twv EAlkonTEPWV

Titar}iumh. U Electrical
+ 45° carbon erosion shieic heater mat

fibre/epoxy \ \

= ﬂl"‘
et TR R
.
~ - - ’_-
sisi: 7 Tube for
/ / / / balance weights
+ 45° carbon 'Nomex™' Woven Foam-filled Unidirectional
epox lass/epox sore of ¢
fibre/epoxy a Jncyg)mb glass/epoxy core of spar glass—carbo n/epoxy

hybnd

Schematic section through a typical composite construction for a heli-
copter rotor blade. (Courtesy of Westland Helicopters.)
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Edappoyec twv 2.Y. ota TepUYLO. AVELOYEVVNTPLWV

Typical Cross section of a Wind Turbine Blade

Main laminate at the upper part

Main Ia‘nincfe Main laminate at

the rear edge



Edapuoyec twv 2.Y. ZTIC AVELLOYEVVNTPLEC

EMM25

Composite Materials for Wind Turbine
Blades

CFRP Sonar Dome

The NEG-Micon 40 m radius AL40
# carbon-wood epoxy wind turbine blade:
Resin infusion manufacturing process




Edapuoyec twv CFRP otnv avtokivntoflopnyovia

EMM2512

CFRP Application

web.missouri.edu/~smith
Front of rear doug/nsf/presentations/
Roof Monocoque center section

Sub-frame

Rear lid

Front lid e i Rear wing

Door sill

Prepreg autoclave, RTM ‘ Prepreg autoclave, Prepreg-treated aluminum tooling,
monolithic design monolithic design sandwich design monolithic design




Epappoyec ZuvbeTwv Mpageviou oTnv AuToklvnToBiounxavia

Lightweight GRAPHENE based
materials for structural

applications \

Nanostructured TE materials
(cooling /heatrecovery)

Graphene nanocomposites
forintegrated sensors

Functional textile

Sensors for pollutants
detection and safety

Nanofluids (friction/thermal
management)
Smart adhesives
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Epappoyec Twv Z.Y. atnv AuToKivnToBiounxavia

Spare Tire Holder  Door Sills

Bumper
Support

‘ Others
\ 40/ 4% 3% 3%

Door 7%

Noise
Encapsulation

0
e 23%
12% °

Dash Board

Under Body Panels Seat Structures Front Ends

Source: Symalit, GEP
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Xpnon Twv 2.Y. otnv Kataokeun Tpaivwv

40



Edappoyec twv MMCs

AADC IHPTET compressor featuring Ti mmc blings

www.youtube.com/watch?v=x
bPxVws5Ty4&feature=related



Xpnon Twv 2.Y. otnv Naunnyikn
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Epapuoyec Twv Z.Y. oTnVv eninAonolia kal TIC EAaPpPEG
KATAOKEUEC

APPLICATION

2 = — "

DD 2es,

e 2
&

' \ !

Y i< 1 r

life edge 42



Epapuoyec Twv Z.Y. oTa aBAnTika €idn

TR

R\ I;Z/,'n N
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Xpovikn €EEAIEN TWV EPpAPUOYWV TWV ZUVBETWV YAIKWV

% Aircraft Composites Structural Weight

SO =+
Early use of
carbon fibers in
sports equipment '7
Space Race Developments
& Niche Defense 25 +
Applications ..
s CNTs in sports
First commercial (aero-grade) equipment

fibers = 4320 =2
(H&D with Modern Carbon :

General nano Boeing

Fiber Precursors 0 hD-90 ASUPD“BT of year
1950 1960 1970 1980 1990 2000 2010 2020 2030
1880s Edison's carbon — A Nobel Prize for graphene
light bulb filament
I Aerospace & Defense Applications
1950s CNTs
CNT prehistory Identifie di?‘l R&D of Carbon Nanostructures (CNSs)
| - ) NDavhnmnin Eilnnie minddl mmvlnmin immimnmdbviimndbiivn fmmm mnmiallis mmvlnmin mmim b OANITA
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BIOYAIKA (Biomaterials)

Orthopedic
screws/fixation

Dental
Implants

Implantable
Califurnia e Uity Microelectrode

Northridge

Drug Delivery
Devices

Synthetic
BIOMATERIAL
S

Semiconductor
Materials

Skin/cartilage
Ocular

implants

Bone
replacements

A\ Heart
A\ valves

Dental Implants

Biosensors

MSE-536

'Eva B1oUAIKO cival pia BioAoyikn n
OUVOETIKN oudia rnou UNopei va
glgax0Oei gTov 10TO TOU TWHATOG WG
MEPOG HIAGC EYPUTEUNEVNG IATPIKNAG
OUOKEUNG N va xpnoipgonoinBei yia
TNV avTIKaTaotTaon opyavou,
OWMATIKNG AsITOUupyiac K.Am.

‘Eva BIoUAIKO €ival Jia ouadia nou €xel
oxedlaaTei yia va aAAnAenidpa pe
BioAoyIKG ouOoTAMATA YIa 1ATPIKOUG
OKOMoUC—EeiTe yia BepaneuTIikoUG €iTE
yia d1ayvwaoTIKoUG AOYyouc. Q¢
eniaTnun, Ta BloUAIKa €ival nepinou
nevnvTa eTwv. H peAeTn Twv
BioUAIKwV ovopaleTal EMICTAMN
BioUAIK®WV | pnxavikn BioUAIk®wv
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Dental Implant Dental Post
CF/C, SiCIC CF/C, CF/Epoxy,
GF/Polyester
Arch Wire & Brackets Dental Bridges
GFIPC, GFIPP,
GF/Nylon, GF/PMMA UHMWPE/PMMA = _ﬁ:‘rr:HF;onr:;?;rEnan;:Bagﬂgl
CFIPMMA, GE/PMMA . -
KF/PMMA, ( CFIPTFE, PET/PU, HA/HDPE
Dental Restorative Material ORQ / PET/PU, HA/PE, Bio-Glass/PE,
Silica/BIS-GMA 1 Bio-Glass/PHB, Bio-Glass/PS, HA/PLA

HAJ2.2'{4-methacryloxydiethoxyphenyl)

Screws and Disc

Vascular Grat
Cells/PTFE, Cells/PET

PET/Collagen, PET/Gelatin
PU/PU-PELA

Abdominal Wall Prosthesis
PET/PU, PET/Collagen

PET/SR, PET/Hydrogel

Finger Joint
PET/SR, CFIUHMWPE

Spine Cage, Plate, Rods

CF/PEEK, CF/Epoxy, CFIPS
Bio-Glass/PU, Bio-Glass/PS,

Total Hip Replacement
Intramedullary Nails
CFILCP, CF/PEEK
GFI/PEEK

CF/PTFE, CF/UHMWPE, CF/PE,
UHMWPE/UHMWPE

CFiEpoxy, CF/C, CF/PS, CF/IPEEK,

Tendon / Ligament
PET/PHEMA, KFIPMA, KF/PE
CF/ PTFE, CF/PLLA, GFIPU

Bone Cement
Bone particles/PMMA, Titanium/PMMA,
UHMWPE/PMMA, GF/IPMMA, CFIPMMA,

KF/PMMA, PMMA/PMMA,
Bio-Glass/Bis-GMA

G

PET/PU, PTFE/PU, CF/PTFE
CFIC

Total Knee Replacement
CFRUHMWPE

Bone plate & Screws UHMWPE/UHMWPE

CF/PEEK, CF/Epoxy,
CF/PMMA, CF/PP, CFIPS

CF/PLLA, CFIPLA, KF/PC
HA/PE, PLLA/PLDLA,
PGA/PGA

External Fixation

CF: carbon flbers, C: carbon, GF: glass fibers, KF: kevlar fibers, PMMA: Polymethylmethacrylate, PS:

lysulfone, PP: , UHMWPE: ultra-high-molecular weight polyethylene, PLDLA: poly(L-DL-
lactide), PLLA: poly (L-lactic acid), PGA: polglycolic acld, PC: pc , PEEK: polyetherett HA.
hydroxyapatite, PMA. polymethylacrylate, BIS-GMA: bis-phenol A glycidyl methacrylate, PU: polyurethane,
PTFE: polytetrafluoroethylens, PET: polysthyleneterephthalate, PEA: poltethylacrylate, SR: silicone rubber,
PELA: Block co-polymer of lactic acid and polyethylene glycol, LCP: liquid crystaline polymer, PHB:
polyhydroxybutyrate, PEG: polyethyleneglycol, PHEMA: poly(20hydroxyethyl methacrylate)

Eqpapuoyec Twv BlIouAlkwv

Cohlear Implants

Intacts

Cardiovascular
Implants (Vascular
Grafts)

Abdominal Wall
Prosthesis

Prosthetic
Arthroplasty

Intramedullary Nails

Knee joint

Replacement, Tendon

/ Ligament, Cartilage
Replacement

Dental Implants,
€ Dental Post, Arch
Wire & Brackets,
& > Dental Bridges,
Dental Restorative
- Material

Shoulder Prosthesis

.9 = = Pacemaker
——

= Tumbar Disc
Replacement, Spine
Cage, Plate, Rods
and Screws

Total Hip

Replacement,
Acetabnlar

Bone Cement

Bone Fixation,
Bone Plates &
Screws

b
”
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Mpaoiva ZuveeTa YAIKG

GREEN COMPOSITES

. * Green composite combines plant fibres with
~ natural resins to create natural composite
materials.

Biodeg
radable

resin

Green
+ . composites
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FIBRES USED IN GREEN COMPOSITES :

= Natural / biofibres may be classified in two broad
categories:

Non-wood fibres
Wood fibres

= Natural fibres such as kenaf, flax, jute, hemp, and
sisal have attracted renewed interest, especially as a
E glass fibre substitute in the automotive industry.

» The other fibres used are Coir (Coconut), Bamboo ,
Pineapple , Ramie
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Green Composites : Opportunities and Challanges

Marti Npacwa YAwka?

e

*

MNeploplopévol mopol metpelaiou
Aufavopuevo kooTtoc etpelaiou
Meiwon Twv agpiwv tou Beppoknmiov
N€a UALKA YL TTPONYUEVEC KATAOKEUEC

Yo

*

+ +
0‘0 0‘0

Nowa eival ta MAsoveKTpata?

Kataokeudlovtol amnd avavewoLUEC TINYEC
EivalL avakukAwoipa

Eival Broanodopovpeva

Eival owkovopika Buwotlpa

Eival pAka nmpocg to nepPariov

+ + +
0‘0 0‘0 0‘0

*e

*

Yo

*
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Vehicle part Material used
Glove box Wood/cotton tibers molded,
flax/sisal
Door panels Flax/sisal with thermoset
resin
Seat covering Leather/wool backing
Seat surface/backrest Coconut fiber/natural fiber
Trunk panel Cotton fiber
Floor panels Flax mat with PP
Trunk floor Cotton with PP/PET fibers

Green composites have found increasing application in
industrial housing construction as compared to other industrial
application.



BA2IKEZ AMNAITHZEIZ 'TA THN ENMIAOIMH THx

KATAAAHAHZ MHTPAXZ

Molec €ival ol analTACEIC NOU MPENElI va NANPOI Kia NOAUMEPIKA KATPA?

1.
2.
3. Na oTepeonoleital e 600 To dUVATOV HIKPOTEPO XPOVO, MIKPOTEPN NiEan

Na peel eAevBepa oTOvV XWPO METAEU TWV IVOV WOTE va ENIKAAUNTE
NANPWG TNV ENIPAVEIQ TWV IVOV.
Na avantuooegl puaikoUug, XNUIKOUC Kal unXavikouc O0EgNoUC JE TIC IVEC.

Kal JIKpOTEPN Bepuokpaaia.

. MEpa and Tnv avantuén oJOeopoU ivac-gNTPac, kKapia daAAn Ynuikn

avTidpaon Ogv npenel va ouppaivel JeTa&U TNC ivag kal TnG MNTPAC €iTe
KATAa To 0Tadlo TNG KATAOKEUNG, N META Ano auTnVv evw N UNTpa a npenel
va napapevel otabepn PUE ToV XpOVo.

. H unTtpa Ba npenesl va €xel TETold GUON WOTE vd PNV MNPOKAAE kamnola

(PUOIKN N MNxavikn ¢Bopa oTIC IVEC KaTa To 0TAdI0 TNG KATAOKEUNC TOU
guvOETOU UAIKOU.
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TYTNOI MHTPAZ 2TA 2YNOETA YAIKA

@ [lola UAIKG XpnolyonoiouvTal WE UNTPEC OTA dUVOETA UAIKA?

1. MoAupepn (Polymers): OspuookAnpuvopeva (Thermosets), OspuonAacTiKa
(Thermoplastics), EAacTopepn (Elastomers).

. MeTaAAa (Metals):

. Kepauika (Ceramics)

. Tuahia (Glasses)

. AvBpakac (Carbon)

ua b WwWN

Ta oguvBeTa noAupepikng uNTpag, ovopalovral Polymer-Matrix Composite (PMC's).
Ta ouvBeTa peTaAAIKNG puNTpacg, ovopalovrtal Metal-Matrix Composites (MMC's)

Ta ouvBeTa KepauikNG uNTpacg, ovopalovrtal Ceramic-Matrix Composites (CMC's)



Tunol MNTpacg ota ZuvOeTa YAIKG

Types of matrix composites

 J L J Y L} Y
| Metal matrix | Inorganic Polymer matrix Ceramic matrix Carbon
nonmetallic matrix| |(composites (PMC) composites based matrix
Types of fibre PMCs
Y l l
| Glass fibres | |Polyethylene fibres| | Carbonfibres | [ Aramidfibres | [Boronfibres

Types of carbon fibre composites

Thermosets Thermoplastics
increasing carbon-epoxy carbon-polyetheretherketone
temperature carbon-hismaleimide carbon-polyetherketone
capability l carbon-polyimide carbon-polyimide




MoAupepn kal NMAaoTIKa

Moia €ival n diagpopa PETAEU TwV NOAUNEPWYV (polymers) Kal TwV NAAOTIKWV
(plastics)?

Me Tov 0po “NOAUMEPEC” evvooUUE TNV KaBapn HAaKpoUOopPIaKn oudia Nou napayeral
ME TNV TEXVIKN TOU MOAUMEPIOUOU OE OUVONKEC EpyaaTnpiou.

Polymerization, any process in which relatively small molecules, called monomers, combine chemically
to produce a very large chainlike or network molecule, called a polymer. The monomer molecules may
be all alike, or they may represent two, three, or more different compounds.

Av o€ €va NoAupepEC Npoagbegoupe eva NpoaBeTo (additive), TOTE TO NMOAUNEPEC
ovopaleTal “nAacTIKO”.

TeTola npoaBeTa (additives), €ival : Ta avTIOEEIOWTIKA, Ol XPWOTIKEC, TA AVTINUPIKA,
ol O1APOPEC OKOVEC, TA HOVWTIKA, K.d.
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I

Butadiene -elastomers
(BR)

Styrene-butadiene -
elastomers (SBR)

Polyurethane (PUR)

Elastomers Thermoplastics Thermosets
| Epoxy resins (EP)
Amorphous Phenol resins (PF)

thermoplastics

Semi-crystalline
thermoplastics

Polyester resins (UP)

Polycarbonate (PC)
Polymethymethacrylate
Polystyrene (PS)
Polyvinylchloride (PVC)

Polyamide (PA)
Polyethylene (PE)

(PET, PETE)

m Polypropylene (PP)

Polyphenylensulphone
(PPS)

Polyvinyldenfluoride
(PVDF)

Polyethylene terephthalate
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Polyaddition

= =

Polycondensation

Step Growth

Thermoplastics

Thermoplastics Thermosets Thermoplastics Thermosets
Examples: Examples: Examples: Examples: Examples:
* Polyethylene * Urethanes * Epoxies * Polyester * Alkyd
* Polyacetal * Polyurea * Crosslinked * Nylon * Melamine
* Polypropylene * Polyethers Urethanes * Polyimide * Phenolic
* Polystyrene * Polysulfone * Silicone
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KATHIOPIEZ NMOAYMEPQN

Classification of Polymers

O Linear polymer - Any polymer in which molecules
are in the form of spaghetti-like chains.

O Thermoplastics - Linear or branched polymers in
which chains of molecules are not interconnected
to one another.

O Thermosetting polymers - Polymers that are
heavily cross-linked to produce a strong three
dimensional network structure.

O Elastomers - These are polymers (thermoplastics
or lightly cross-linked thermosets) that have an
elastic deformation > 200%.
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OEPMOZKAHPYNOMENA NMOAYMEPH

Ta 6eppookAnpuvopeva noAupepn (Thermosetting polymers or Thermosets) dopouvTal ano
hHakpoaAuaideg (long chains) pakpopopiov (macromolecules) nou guvdeovTal PETAEU TOUG ME
oTaupodeaoUG (cross-links) dnuioupyovTacg €1al eva TpiadiaotaTto nAeypa (3-D network). Ol
oTaupodeagpoi avanTuogovTal KAata Tnv OIAPKEId TOU MOAUMEPIOWOU, €ival HOVIYOlI Kal
neplopidouv TNV KIVNTIKOTNTA TWV Pakpopopiwv. H dnuioupyia Toug, NpokUNTEI ano Wia €vrovd
e€wBepun avTidpaaon (crosslinking reaction) peTa&Uu TNG pnTivng (resin) kal TOU OKANPUVTN
(hardener) Tov onoio NPOOBETOUNE OTNV PNTIVN YIA TNV ENITAXUVON TOU NOAUMEPIGHOU.

Enopevweg, av €papuOOOUME €va HWNXAVvIKO @opTia OTOo MOAUMEPEC, auTo Oa napapopPwOEi
eAaxioTa.

>av anoTeAETNa TwV MNEPIOPICUWY NMOoU €niBAAAOUV Ol OTAUPOJETHOI TNV KIVNTIKOTNTA TWV
HAKPOUOPIWYV, auTa Ta MOAUMEPN EXOUV HEYAAUTEPO METPO Kal avroxn, aAAd HIKpOTEPN
napapoppwan Opavong (gival nio yabupa) and Ta BepponAaacTika.

Ta OeppoakAnpuvopeva Oev xapakTtnpidovTal and CUYKEKPIUEVN Begppokpacia TAENG kAl AOyw
TNG UNnapéng Twv aTaupodeapwy, devV enavapop@onolouvTal.

Ta BOeppookAnpuvopeva Oev TAKovTal, aAAd anoouvTiBevral Kal, AOYW TwV HOVIUWV
oTaupodeoguwy, OEV ENAVEPXOVTAlI TNV APXIKN TOUC KaTtaoTtaon PE WUEN.
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OEPPUOTKANPUVOUEVEC PNTivEC

BakeAiTng
KaAec punxavikeg 1010TNTEG, NPOPUAAKTAPEG AUTOKIVATWY, daneda.

Eno&e1dikn pnrivn
AKpIBO UAIKO, KOAAEC, avBpakovnuaTa, akagpn 6aAdoonc. XpnaigonolgiTal
EKTETAMEVA O€ OUVOETA, EVIOXUMEVA ME IVEC, KOKKOUG KAl GAAa gvIOXUTIKA.

NMOAUEOTEPIKECG PNTIVEG (TA NOAUECTEPIKA NAACTIKA YEVIKA PMMNOPEI va €ival €ite
OepuonAaaoTiKa €iTE BEpUOTKANPUVOUEVA, avaloya Pe Tn XNUIKA ouoTaon, evw Ol
aKOPEDTOI NOAUEDTEPEC N AAAIWC MOAUETTEPIKEG PNTIVEC €ival
OepuookAnpuvopeva). NMapouoIEC EQapUOYEC HE ENOEEIBIKN pNTIVN, PTNVOTEPO.

BIVUAEOTEPAC

Mnxavikeg 1010TNTEC KAl KOOTOC KAMOU avAUETd OTOUC NMOAUETTEPEC Kal TIC
£N0EEIOIKEC pNTIVEC. XpNOIUONOIEITAI EKTETANEVA O OUVOETA, EVIOXUUEVA UE IVEC,
NAQoTIKA.
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>kAnpuvaon MoAupepwyv (Curing of Polymers)

Eival pyia diadikaoia kata Tnv onoia avTidopwvTa uypd NOAUNEPN XapunAou popiakou
Bapouc (OAIYOMEPN) LUETATPENOVTAl HN AVTIOTPENTA O OTEPEA, adlAAUTA Kal
gyxuolpa TpiodiaoTaTa NOAUNEPN.

O 0poC «OKAQPUVON>» XPNOIUOMNOIEITAl YEVIKA OTNV ENeEepyaaia NAAOTIK®WY,
BEPVIKIWV, GUYKOAANTIKWV KAl OTEYAVOMOINTIKWV EVWTEWV.

H okAnpuvon Twv NOAUNEPWYV NpaypaTonoleiTal uno Tn enidpaon 10IKWV
avTidpaoTnpiov (Mapayovreg okAnpuvaong/curing agents) n HEow TNG
aAAnAenidpaonc avTiOpaoTIKWV OAIYOUEPWY ONAdWYV KATA TNV €KOEan Toug O€
BepuoTnTa, unepIwdEC Ppwc rn akTivoBoAia uywnAng evepyeiac.
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Mnxaviopoc ZkAnpuvong Twv MoAupepwy

« O pnxavioguoc okAnpuvaong kabopileTal and Tn euUON TwV avTiIOPAOTIKWV ONAdwV
OTO OAIYOMEPEG, TOV NAPAYOVTA OKANpUvonG Kal TIC €&I0IKEC OUVONKEC TNG
diadikaaiac.

« H okAnpuvon TwV MNOAUMEPWYV HMOpei va nepiAappavel noAuocuunukvwon (yia
napadsiypya, Tn gkKANpuvaon TwvV pnTIVOV PaivoAnNG-eopuaAdeilionc) n NOAUPEPIOUO
(okANpuvan TWV NOAUECTEPIKWV PNTIVOV).

« Kal ol dU0 pPNXaviguoi Pnopouv va Xpnoligonoinfouv TAUTOXPOVA OE OPIOHEVEC
NEPINTWOEIC, YIA NAPAdEIYUd, OTNV OKANPUVON €N0EEIBIKWYV pNTIVWV HE avudpiTeC
o&coc napoucia TpiIToTaywv apivwv (TETA), ol onoie¢ Xpnoigonolouvtal G
KATAAUTEC.
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H Ailadikaagia Tng okAnpuvonc Twv Eno&sidikwv Pnrivov

Catch pot &

Vacuum pump Hardener
TETA

E il

Epoxy
Heating at S0 deg.C

Oven

L
.4— L ET

CureatT=40-70°C Mold
Post-cureat T = 90°C

phr = parts per hundred
of resin

>TIC EN0EEIDIKEC PNTIVEC
guvNBwc npoagbeToupe 8-
12phr TETA.

MpoBeppuaivoups TNV
pNTivn JE okono TNV TNEN
TWV KPUGTAAAWV Mou
evOEXOUEVA UNAPXOUV
gTnV €nipaveia.

TonoBeTOUPE OTO KEVO TNV
pNTiVN JUE OKOMNO TNV
anaspwan Tou WiypaTod.

Av napapeivouv QuaaAideg
aEpa Yeoa aTnv pnTivn,
auTec 6a anoTeAEgouv
onueia ekkivnong
HIKPOPWYHWV.
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Heating Profile

Temperature ['C]

90 —

80 —

70 —

60 —

50 —

40 —

30 —

« To heating profile nou Ba

eNIAEEOUNE KABWCG Kal N
noootnTa (Ta phr) Tn¢ apivng
nou Ba npoagbegoupe, aAAa
Kal v YEVEl N OAn diadikaaia
KATAOKEUNCG nou Oa
akoAouBnooupueg, ennpealouv
oNMAavTIKA TIG TEAIKEC
1I010TNTEG TNG PNTIiVNG nou Ba
NAapPAoKEUAOOULE.

‘O00 NeEPITTOTEPN auivn
(TETA) npoagBeToupe, TOOO
MEYAAUTEPN €ival n NUKvVOTNTA
TWV OTAUPOOETHWY Kal TOOO
HIKPOTEPOG €ival 0 XpOvoGC
NoOAUNEPITUOU.
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OEPMOZKAHPYNOMENA NMOAYMEPH
Thermosetting Polymers

B ) TR

‘1"" : Mett,

RYEE R

&.‘;!'.‘:5

A THERMOSETTING material, likewise, can be forced into @ new
shape when heated

S
But as hoating continues links
: are formed where the chains
THERMOSETTIN‘G MATERIALS cross each other :

The links are permanent and
its shape cannot be changed
by reheatina ar bv fores
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OepponAaoTika

'Eva BepponAaoTikO €ival €va nAAoTIKO UAIKO, duvnNOwcC €va MOAUMEPEC, MOU YiveTal
€UAUYIOTO N €UNAAOTO NAvVw aAno PIa CUYKEKPIMEVN BEpUoKpaTia eVw OTEPEONOIEITAl PE

Wugn.

Ta nepioooTepa OepUonAaoTIKA €XOUV MIA UWNAN OXETIKN poplakn pala. Or aAuoideg
TOU MOAUMEpPOUC ouvdeovTal pe dlapoplakec OUVANEIC, nou €EagBevouv ypnyopa HE
au&non TnG Bepuokpaaciac, napayovrtac eva IEWOEC UYypO. ZUVENWC, Ta BepPONAaOTIKA
unopouv va popgonolinBouv pe B€ppavon kal Xpnoigonolouvtal ouvnOwc yia va
napayayouv KOPUATIA yia XUTEUON WE EyXuan.

Ta BepponAaoTika dlapepouv ano Ta BepPOOTKANPUVOPEVA MAAOTIKG, O£DOUEVOU OTI
dev oxnuaTtilouv oTaupodeauoUC.

Ta OepponAaoTikG kata To o0TAdI0O TNC NAPACKEUNG TOUC WMopei va avanTtu&ouv
KPUOTAAAITEG. O OXNUATIONOC TWV KPUOTAAAITWV cuuBaivel kata Tnv ¢paon TnG WYUénc.
‘'Ooo0 peyaAuTepn €ival n TaxyutnTta WUENG, TOOO WIKPOTEPO!I €ival Ol KPUOTAAAITEC.
AvTiBeTa, 000 HIKPOTEPN €ival N TaxuTNTa WUEN, TOOO PeEYaAUTEPOI €ival ol KpUOTAAAOI
nou Oa avanTtuxOouv.
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Oepuornhaotika (Thermoplastics)

1. Ta OgpUOMAAOTIKA ATTOTEAOUVTOL ATTO LOKPOMOPLA TIOU
TIPOEPXOVTOL OTTO TOV TIOAUEPLOUO LOVOLLEPWV. ®)

2. Eivat oAkipo vALka. Epdavitouv SnAadn peyain d)O &) ®)
napapopdpwon Bpavonc.

3. Katad tnv amodoption mapouoldlouv MoPoEVOUCEG o OOO
napapopPwoelg (MAAOTIKEC AP AUOPPWOELS). ‘

4. Me tn B€ppavon pEOUV KOl EMOUEVWE UITOpoUV va
enavopopdormnolnbouv.

Thermoplastics

5. Aev oxnuatilouv otTaupodECUOUG KOl EMOUEVWE ALKOLLN KoL
o€ HUKpA poptia mapouoldlouv HEYAAEC TTAPAUOPPWOELC.

6. AKOUN Kal og Beppokpacia dwuatiov, n cupunepltdopd TOUg
elvat EwdoehaoTikn.



HuwkpuotaAka ko Apopda OepUOTAQOTIKA

The International Association of Plastics Distributors

Amorphous vs. Crystalline
Thermoplastics

Amorphous

«  Amorphous (a-morphous = without shape) - The polymer chains Semicrystalline

are in random arrangement. Molecular structure is incapable of
forming regular order (crystallizing) with molecules or portions of Lamella Amorphous region
molecules regularly stacked in crystal-like fashion. Molecular == 5

arrangement is randomly twisted, kinked and coiled.

« Crystalline - The polymer chains form a regular pattern.
Molecular structure forms regular order (crystals) with molecules
or portions of molecules regularly stacked in crystal-like fashion.
Molecular arrangement is arranged in an ordered fashion.

The IAPD Plastics Primer, Module 2 6:

OF PLASTICS DISTRIBUTORS



OEPMOIMNAAZTIKA

Kanoia BgpponAaaoTika nou gV €ival NANPWG

KPUOTAAAWHEVA, KATW ano Tn Beppokpaaia uaAwdoug &
hMeETanTwong, Tg, diaTnpouv kanoia n oAa Ta agopga
XapakTNPIOTIKA TouG. Ta agop®a Kal nuiapoppa nAaoTika
XpNnaigonolouvTal OTav €ival anapaitnTn uywnAn onTIKn
dlauyela, €neidn To wc okedaleTal evrova ano
KPUOTAAAITEG HEYAAUTEPOUG anod TO PNKOG KUMATOC TouG. Ta
apopPa Kal nuiagop@a NAaoTika avTioTeEKOVTAl AlYOTEPO O€
XNUIKEG eNIBETEIC Kal o€ NeEPIBAAAOVTIKN pnyHATWAON ano
Taon, €neidn Toug Aginel N KpUoTAAAIKn doun. & &

Ob

Y

-
-

H waBupoTtnTta pnopei va peiwbei pe Tnv npoobnkn nAaoTikonoinTwv (plasticizers), nou
auéavouv TNV KIVNTIKOTNTA TWV APOPPWV THNMATWV TnNG aAucidag kal peiwvouv Tnv Tg. H
TpPONonoinon TOU MOAUMEPOUC MECW OCUMMOAUMEPIOUOU 1 ME TNV npoadnkn Hn OpacTIKNG
NAEUPIKNG aAuaidag aTa PJOVOMPEPN NPIV TOV MOAUMEPIOPO PNOopPEl eniong va peiwael Tnv Tg. Mpiv
TNV €PAPUOYN AQUTWV TWV TEXVIKWV, TA NMAAOTIKA TUNMATA TWV OXNUATWV £8pavovTo guxva oTtav
eKTIOeEvTO 0t YaunAec Oepuokpaciec. [Mpooparta, €xouv yivel Olabeoiya OepuonAacTika
eAaoToONEPN.
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Heat

e/t

THERMOPLASTIC MATERIALS

Thermoplastics

" In a THERMOPLASTIC material
' the chains of molecules are
entangled and hold each other in place

When cool the thermaplastic
retains its new shape

When heated the chains slide

over each other and the plastic
can be forced into a new shape .

ahingi g vk

When reheated it can be forced

mto a different shape ;
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Ethylene molecule
(2 carbon atoms,
4 hydrogen atoms)

Arrangement of
molecules GAS

—~ . 2
»
P /

| LIQuID

SOou

Ethylene molecule (2 carbon
atoms, 4 hydrogen atoms)

C2H4

With the addition of a
catalyst the molecules join
together and begin to form
chains

When polymerization is
complete, the long chains
are tangled together
forming polythene.
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OepponAaaoTiKa

NMoAunponuAgvio - PP
> UOKEUAaia TPOPIUWYV, OIKIOKEC TUOKEUEC.

NMoAuaiBuAévio - PE
[MTAQOTIKEG OAKOUAEC, NAAOTIKEC (PIAAEG, TWANVEC.

XAwpi1oUxo noAuBivUuAio | noAuBivuAoxAwpidio - PVC
Movwon NAEKTPIKWV KaAAwdiwv, 0igKol YPAUHNOPWV®WY, KOUPpWUATA.

NaiAov i noAuapidio - PA
AlakonTec, npiec, TANNTEC, JEAAVOTAIVIEG, OUVOETIKA uPpaouaTa, neTovid.
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Types of Thermoplastics

Uses

'-m. Fim, bottles, cups, electrical inswlotion,

Same vees as PE, but ighter, dithr, more resisiont ©
sunlight.

Tellen. Good, perature polymer with very ow
savcepans, bearings, realks.

with butodisre ©

C mowided T
ke HO T polmirsion DR, Fuamed il

co, bﬁm

Aschiecturcl uses (window frames, eic ) Plastkised ©©
maoke arfificial lecther, hoses, clothing.

Per lecie. T rect sheet and
sy meeh e




EAaotopepn (Elastomers)

Ta eAaotopepn eival pio evolapeon Kataotaon apopdwyv MOAUUEPWV

‘Exouv eAAXLOTO apLOUO OTAUPOSECUWV.

To KUPLO XOPOKTNPLOTLKO TOUC ELvVaL OL TEPAOTLEG TIOPOLOPDWOELS TTOU UItopoUV va AdBouv.
H oupmneplpopd Toug ival pn YPOULKA EAACTLKN HE LETPO eAaoTikOTNTOC E <1GPa
MrmopoU e va avantuéou e 0 aUTA EMUTAEOV O0TAUPOSECUOUC LECW BoUAKOVIOUOU.

S > =

<

H#Wﬂ
[ <
@ ELE é”'"": o, © a9, gﬁ""’“ L e
L - o
i,
¢ CCgg

Thermoplastic Elastomer Thermoset

pﬂn‘rn W%%%Zﬁ
ﬁ‘h




Physical Behavior & Architecture

(a) Linear
« Thermoplastics "”B‘a“"_i'f;wl“
Polystyrene
Polyvinylchloride

(¢c) Cross-Linked

 Elastomers

Synthetic rubbers
Poly-cis-isoprene

(d) Network

* Thermosets

Phenolic Resins
Melamines
epoxies



>xean Aopng — Id10TATWV TWV

[MoAupepwV

Thermoplastic

L]
L]
L]
L]
-
L]

moderate stiffness
moderate strength
high ductility

high impact rasistance
poor creep reasistance
recyclable

Thermoset polymer

L]
L]
L]
L]
L]
L]

high stiffness

high strength

high creep resistance
low/moderate ductility
poor impact resistance
cannot be recycled

Crosslinks

Rigid three-dimensional chain *
structure with crosslinking

Elastomer

very low stiffness
low strength
very high elasticity

excellent impact resistance

nat easily recycled

Linear cailed chains with some crosslinking
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>UyKkpion TIHWV Mnxavikwv Id1IoTATwV OEPUOTKANPUVOUEV®V
Kal O@epponAacTikKwV MoAupepwVY

THERMOSETS THERMOPLASTICS

Young’s Modulus (GPa)
Tensile Strength (MPa)
Fracture Toughness

K;c (MPa mt/2)

Gic (kJ/m3)

Maximum Service Temperature (°C)

/8



Thermosetting Plastics

Name Common name | Properties and Uses
working
characteristics

Epoxy resin Araldite Excellent adhesive Bonding,

(ER) qualities, low encapsulation,
shrinkage, strong laminating,
when reinforced surface coating

Melamine Formica Waterproof, tasteless, | Worktops,

formaldehyde | Melaware odourless, mark and tableware,

(MF) scratch resistant buttons, electrical

insulation

Urea Aerolyte Good adhesive Electrical fittings,

formaldehyde |Cascamite qualities, stiff, hard, paper and textile
brittle, good electrical |coating, wood
insulator adhesive

Polyester Orel Beetle Stiff, hard, brittle, Panels for car

resin (PR) resilient as laminated |bodies and hulls,
GRP, formed without |casting,
heat or pressure embedding
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TUTTKEC 1610TNTEC KATTOLWV OEPHOTTAQLGTIKWV

Acrylic Nylon 6.6 Polycarbonate Polypropylene

(PMMA) (PC) (PP)
Density (Mg/m3) 1.2 1.1 1.1-1.2 0.9
Young’s Modulus 3.0 1.4-2.38 22-24 1.9-2.4
(GPa)
Tensile Strength 60-70 45 -70 25-38
(MPa)
Ductility (%) 30- 100 90- 110 100 - 600
Fracture Toughness
Kic (MPa m'/2) 1.5
Thermal Expansion 50-90 90
Coefficient (CTE)
(10¢ K1)
Glass Transition 90 - 105 150

Temperature (°C)
Melting Point (°C) 261 175



Examples of thermoplastics

Type of plastic

Plastic group

Uses

Cellulosics

thermoplastic

loys , lamp shades , partition shelf
covers, storage boxes, ice crushers,
juicer bowls vacuum parts, tool
handles pipes ,spectacle frames

Nylon

thermoplastic

Slide fasteners, combs |, brushes and
bristles, baby dishes , funnels , salad
spoon and fork washer gaskets

Polyethylene

thermoplastic

Squeeze bottles, ice trays, toys,
storage boxes, flashlights , wiring,
pipe, kitchen-ware (Can be film, semi
rigid, rigid, or coating)

Polystyrene

thermoplastic

Canisters, storage boxes, wallftile,
picnicware, toys, refrigerator door,
liners and bins radio, phonograph, and
air conditioner, housings light fixtures

Vinyl

thermoplastic

Raincoats, upholstery, tile, inflatable,
curtains, toys, luggage, baby pants
and pads, records (Can be film,
sheeting, semirigid, rigid, coating)

Acrylic

thermoplastic

Bowils, trays, partition, roofing,
handbags, eye glasses, light fixtures,
table appointments, bookends,
dresser sets , window glazing ,picture
frames
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MeloveKTNUATA TWV OEPUOTKANPUVOUEVWYV

NOAULEPWYV

What are the disadvantages of thermosets ?

1. A relatively low resistance at elevated temperatures
2. A short lifetime when mixed and ready to use

3. The inability when fully cured to undergo large scale plastic
deformation and so facilitate the forming of composites.

4. Low mechanical properties and electrical and thermal conductivity

5. A high coefficient of thermal expansion and poor resistance to
creep and impact.
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Molec OEpUOTKANPUVOUEVEC PNTIVEC XpNoldonoIouvVTal oav JNTPEC O€
>uvOeTa YAIka?

Which are the main thermosets used as matrices?

Polyesters

Epoxides

Phenolics

Polyimides

Rubber/Polyurethane modified Epoxides
Xyloks

Bismaleimides (BMI)

Polystyryl Pyridine (PSP)

Polyphenylene Quinoxialine (PPQ)

BB B =

83



Mola €ival Ta NAEOVEKTANATA KAl YUEIOVEKTANATA TWV OEPUOTKANPUVOUEVWY MOU

npoavapePApEe?
1. Polyesters: Polyesters were the first type of thermosets used with glass

fibers, to produce radomes for aircraft in the 1940’s and these resins still
account for the majority of reinforced plastic fabrication throughout the world.

POLYESTERS

ADVANTAGES DISADVANTAGES
1. Polyesters are one of the cheapest resins Polyesters being non-polar, do not bond well to
available fibers
2. They have low viscosity so that they are easy to They have relatively high shrinkage (4-8%)

work

3. They can be cured at ambient or elevated
temperatures with no need of post-cure

4. They are suitable for fabrication of very large
structures
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Eno&esidikec PnTtivec (Epoxides)

2. Epoxides: Epoxides, although are more expensive and more viscous than polyesters, have

been and are the more extensively used type of matrix for composites based on continuous
carbon, glass and aramid fibers.

The resin is mixed with a hardener and heated for 1 to 8 hours or more at a temperature of
up to 160°C - 180°C to produce a hard, insoluble, cross-linked structure.

Common hardeners are aromatic amines and acid anhydrides. An accelerator is often used
with the latter. The liquid resin mix is workable at a viscosity of up to approximately 3Pas

and may have a lifetime in this state, depending on the ingredients and temperature, of up
to 20 hours or more.

Epoxides can be modified by the addition of rubber particles or urethane which concure with
the resin to improve impact and fracture toughness.
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Eno&cidikec PnTivec (Epoxides)
. EPOXDES

1.

ADVANTAGES DISADVANTAGES

They are usually cured in two or more stages. They are more expensive than polyesters
This allows preforms to be pre-impregnated
with the epoxy in a partially cured state (pre-

pregs)

The shrinkage on curing is smaller than for They are more viscous than polyesters
polyesters (1-5%)

They are stiffer and stronger than polyesters They are more brittle than polyesters

They maintain their properties to higher
temperatures than polyesters
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®daivoAec (Phenolics)

3. Phenolics: They are the oldest thermosets, and they are divided into two

major types: Resoles (one stage resins), and Novolacs (two stage resins, which
require the addition of an agent prior to fabrication).

PHENOLICS
ADVANTAGES DISADVANTAGES

Volatile by products are evolved during curing, hence

high pressures are often necessary in composite
production
2. Good balance of properties More brittle than epoxides

3. Good fire resistance Shrink more than epoxides

1. Low cost
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MoAuipidla (Polyimides)

4. Polyimides (PI): PI and BMI resins are two which are used as replacements
for epoxides in high performance aircraft and aerospace structures. PI's can be

thermosets or thermoplastics.

POLYIMIDES

ADVANTAGES

1. They are capable of continuous use in the
temperature range 288-3160C and some have
been safely exposed to temperature of 7600C
for short period of time

2. They can be used to impregnate usually,
carbon fibers to make a prepreg

3. High stiffness

4. Low thermal expansion coefficient

DISADVANTAGES

Expensive

Require long, complex, high temperature cure cycles

Very variable
They are brittle
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Xylocs and BMI

5. Xylocs: They are a specialized development

6. BMI: They are used as replacements for epoxides in high performance
aircraft and aerospace structures.

ADVANTAGES DISADVANTAGES
1. High Tg (290°C) They are brittle
2. The temperature for continuous use is 200°C Low strain-to-failure (max 2%)

3. They can be used to impregnate, usually,
carbon fibers to make prepreg
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PSP and PPQ

6. PSP: This type of resin originally developed for ablative applications also
looks promising. It can be used to impregnate, usually, carbon fibers to make
prepreg.

7. PPQ: This type of resin is only at the laboratory stage.
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Some typical properties of thermosets

Epoxy Polyester Phenolics Polyimides
Density (Mg/m3) 1.1-14 1.1-1.5 1.3 1.2-1.9
Young’s Modulus 2.1-6.0 1.3-45 4.4 3-3.1
(GPa)
Tensile Strength 35-90 45 - 85 50- 60 80-190
(MPa)
Fracture Toughness
Kic (MPa m'/2) 0.6-1.0 0.5
Gic (ki/m3) 0.02 0.3-0.9
Thermal Expansion 35-110 100 - 200 45 -110 14 -90
Coefficient (CET)
(10¢ K1)
Glass Transition 120 -190

Temperature (°C)



¢ THERMOPLASTIC MATRICES

Among the many thermoplastics employed as matrices arc:

NAME Abr/tion | Max.Service Temp ©C
Nylon 66,
Polyethylene terephthalate (PET)
Polybutylenc terephthalate (PBT)
Polysulphone (PS) 150-170
Polycthersulphone (PES) 180
Polyphenylene sulphide (PPS) 200
Polyamide imide (PAID)
Polyether ether ketone (PEEK) 250

Thermoplastic matrices have
disadvantages over Thermosets:

the following advantages and

ADVANTAGES

DISADVANTAGES

1. Improved toughness

1. High viscosity of the molten polymer
which makes fiber impregnation difTicult

2. Indefinite shell life

2. High fabrication temperatures

3. Short fabrication cycles

3. More difficult processing

4, Improved high temperature and solvent
resistance

4. More expensive
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PROPERTIES OF SELECTED THERMOSETS

Mechanical Properties Data for the Thermosetting Polymers .

Percent Rockwell Impact
E Epy’ TS, Elongation Hardness  Energy’ Kic
Category Polymer [MPa (ksi)]  (MPs (ki)  (MPacksh]  stFallore Rscale’ [J(ft-b)] (MPa Vim)
Thermasets  Phenolics 6900 (1000) - 2.9 0 125 04003 -

- 34(5)

10,000 (1500) 48
6900 (1000) 8@
6900 (1000) 69 (10)

116 (0.23) 0.8(0.12) 1.4-3.0(0.20-0.44)
3<6 (0.4-0.9) 8.7(1.3) 17-28 (2.5-4.1)

1.310.19 0.4 (0.06) 17-23 (2.5-3.6)
30-8.0(0.44-0.2) 62(090)  25-35(3.6-5.1)

1.6 (0.23) 0.7(0.10)  25-38 ().6-5.5)
33 (0.4-0.T) 28(041)  21<30(3.0-4.4)

1.010.15) 0.4 (0.06) 18-21 (2.6-3.0)
-4 0.4-06) 1.6 {0.52) 18-21 (2.6-3.00

— - 1ih




PROPERTIES OF SELECTED THERMOPLASTICS

Mechanical Properties Data for the Thermoplastic Polymers

Percent  Rockwell Impact Poisson's  Fatigue*
B K’ T.S. Elongation Hardeess  Encrgy” Kic _  Ratio Limit DTUL
Category Polymer [MPa (ksi)] [MPa (ksi)] [MPa (ksi)] of Failure R oscale® [J(IUIb)] (MPa Vm) v [MPa (ksi)) (°C)
Generaluse  Polyethylene
polymers High-densaty 830 (120) 28 (4) 15-100 40  1A-16(1-12) 2
Low-density 170 (25) 14 42) 90-500 10 22(16) |
Polyvinylchlocide 2800 (400) 41 (6) -3 1o L4q) -
Polypeopylene 1400 (200) M4 (5) 10-700 90 1A-15(1-11) 3
Polystyrene 3100 (450) 4B -2 % 04000 2
ABS 2100 (300) 2548 20-80 95 1LA<14(1<10) 4
(4-7)
Acrylics {(Lucite) 2900 (420) 558 5 130 07105 —
Cellulosics 3400-28 000 14-55 540 50w 115 3-11 (2-8) -
(SO0 - 4000) (2-8)
Engincering  Polyesiers — (=) B960 (1230) 158 (22.9) 2.7 120 L4 0.5 40759 M4
polymers Polyamsdes (nylon 66) ZROND (404)) 2830 (410) 817 (12.0) o) 121 I4q1) 3 0.41
Polycarbonates 24000 (A5 62 (9) 1O 118 19 (14) 1.0-2.6
Acetals J100 (451 2830 (4100 69 (1D) S 120 I — 0.35 34 136
Polyteirafluorcethylene 410 (60) 17 (2.5) 10-3%0 N 5 -
(Teflon)
Thermoplastic Polyesicr-type 585 (8%) 46 (6.7) 400 50

elastomers
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" Thermoplastics vs. Thermosetting plastics

Thermoplastics

.. Soften on heating |
Long chain linear
By addition polymerisation

4. Can be reshaped and reused
Soft weak and less brittle
6. Soluble in org. solvents

- Reclaimed for wastes

Thermosetting polymers
Do not soften on heating
3-D structure

By condensation
polymerisation

Can not be reshaped

Hard and strong

Insoluble in org. solvents.
Can not be reclaimed
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THERMOPLASTIC
VERSUS

THERMOSETTING
PLASTIC

Thermoplastic has
covalent bonds
between monomers
and weak van der Waal
interactions between
monomer chains.

It is synthesised by
addition
polymerization.

It is processed by
injection moulding,
extrusion process,
blow moulding,
thermoforming
process, and
rotational moulding.

This is lower in
molecular weight,
compared to
thermosetting
plastic.

This has a low
melting point, low
tensile strength,
stiffness, brittleness,
rigidity and
durability.

Thermosetting
Plastic has strong
cross-links and a 3D
network of
covalently bonded
atoms. The stiffness
of plastic increases
with the number of
cross-links in the
structure.

It is synthesised by
condensation
polymerization.

It is processed by
compression
moulding, reaction
injection moulding.

This is high in
molecular weight.

This has high melting
point, high tensile
strength, stiffness,
brittleness, rigidity

and durability.

Pediaa.com

POLYMER
VERSUS

ELASTOMER

An elastomer is a type of
polymer having the
specific characteristic
feature of elasticity

A polymer is a
macromolecule that is
composed of a large
number of repeating units

Have the unique
physical property of
elasticity

Have different physical
properties depending on
their structures

Morphology varies
from crystalline to
amorphous structures

Amorphous polymers

Can withstand high
pressures due to elasticity

Can rupture when a
pressure is applied

Most except elastomers Flexible

are stiff and rigid

Visit www.pediaa.com

AMORPHOUS SOLIDS
VERSUS

CRYSTALLINE SOLIDS

Crystalline solids
have an ordered
structure

Amorphous solids do
not have an ordered
structure

Have a sharp melting
point

Do not have a sharp
melting point

Have no
characteristic heat of
fusion

Have a definite heat
of fusion

Anisotropic since their
physical properties are
different in different
directions

Isotropic since they have
the same physical
properties in all
directions

Have covalent bonds,
ionic bonds, van der
Waal’s bonds and
metallic bonds

Have covalently
bonded networks

Visit www. Pediaa.com




Meoperines of thermoplasiis

-—

Density (Mg/m?)

Acrylic (PMMA)L Nylon |76.6) lalycarboma

Properties of Thermoplastics

- e cmmee

te Polypropylone

1.2 1 Li-12 oy
Young's modulus 30 1428 12-24 1914
{Gra)
Temssle strengih 60 70 45-7 5
(M Pa)
Ductifety (%) T % 110 100 600
Fracture loughness
K, (MPam'?) 1%
Thermal expansion “0-90 w
(0-"K"")
Glasy trans. temp, w108 150
(A
Meliing poien ' C) Pl 175
Unrelnfarced shermoplarias — plipsacal and wrovlanivel prepernies
Property PAGSS rP FEI PES PrS PrLEK
Densivy (gem ™) 14 0.9 127 L7 1.J4 1.32
Tersile strength (VMP2) i i5 104 LY " (LU
Flex. serength (M1') 103 13 15 1" % L
Flex. medulus (GPa) i3 Il 13 25 1.1 18
HOT °C m 1AL MI's) 95 54 180 150 125 165
CTE @ (107K~ #1 R LY 55 54 67
Cost (19B0)py/cc 0.25 0l 1 (L (K s.28

Eeviw n'c M, *C
Polyetheretherkeinne PEEX 4] 3
Polyarslenesulpiside PAS 215

Molyphem lenesulphicle rPs %0 180
Polyethersulphune PES 230 150)
Polyer ecimbile PEl 210 50
Polyer crkerone PEX 165 350
Polyimide Y] Ji0 0
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Metal matrix composites (MMC)

* Metal matrix composites (MMCs) are a subgroup of composite materials.

* Composition:

*  MMC are made by dispersing a reinforcing material into a metal matrix. The
reinforcement surface can be coated to prevent a chemical reaction with the matrix.

* Reinforcement: Carbon fibres are commonly used as reinforcement in aluminum
matrix.

* Matrix:

* Instructural applications, the matrix is usually a lighter metal such as aluminum,
magnesium, or titanium, and provides a compliant support for the reinforcement.

Metal
Prepreg
Metal
Prepreg

Metal
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METAL MATRICES

The principal metals employed to date are: Aluminium, Aluminium
alloys, Titanium and Titanium alloys, and Magnesium,

The reinforcements used are main{{: Carbon, Boron and coated
Boron, Silicon carbide, and Alumina ibers.

METAL-MATRIX COMPOSITES

ADVANTAGES DISADVANTAGES
1. Higher operating temperatures 1. Higher specific gravity (1.7-4.5)
2. Improved transverse and shear 2. DifTiculty of fabrication
properties

3. Improved transverse and longitudinal 3. Expense of fabrication
electrical and thermal conductivity

4. Good impact resistance 4. Damage of fibers during fabrication

5. Laser survivability 5. Intermetallic diffusion and chemical
reactions between fibers and malrix may
oceur

6. Zero moisture pick-up 6. Poor fiber wetling

7. Outstanding better fire resistance 7. Poor longitudinal strengths

8. High thermal stability
9. They can be joined by conventional
metallurgical techniques
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Classification of Metal Matrix Composites

Metal Matrix

Composites(MMCs)

| | |
Dispersion . .
e Layer Infiltration
hardened and ; .
. composites co composites
particles

.
Fiber
mposites
|‘nT."’°‘

F—'\
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Particles Short fibers or whiskers Continues fibers Sheet laminates
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Applications of MMC'’s

App“cation Of MMC’S » Space: The spac;e shuttle uses boron/aIL.Jr‘ninum
tubes to support its fuselage frame. In addition to

Aerospace applications decreasing the mass of the space shuttle by more
than 145 kg, boron/aluminum also reduced the

Non-aerospace applications thermal insulation requirements because of its low

thermal conductivity. The mast of the Hubble

Automotive applications Telescope uses carbon-reinforced aluminum.

Military tanks

Electrical applications
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GLASS AND CERAMIC MATRIX COMPOSITES

ADVANTAGES

DISADVANTAGES

1. Strength retention at elevated temp.
2. Inertness to the chemical environment

1. Low toughness

2. High fabrication temperatures

3. High matrix modulus (max 60GPa)

3. Malrices fail at a strain less than that of
the reinforcing fibers

4, Medium specilic gravity (2.2-3.95)

1000

g

8

Yomp Range “C
g

Cor g

g

o
-

Matat
P oty mar

Uatarip

=

—-—
Cet e

Mgt M

3
- p— A

- b Polymar

2

Vateral

. Summary of matnx lemperaiure and

soecific gravity propermes.
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COMPARISON OF PROPERTIES
OF CERAMICS, METALS AND POLYMERS

Comparison of coom temperature properties of ceramics, metals wnd polymers

{ Youny's  Stremgrl®  Dwetility Touybnm Sndﬁc Spedﬁc
(Mgim®y  modulus (M Pa) %) strength
(GPa) (MPa m‘ni ﬂw UM Pa)

1l (Mgim*)]

——— e ———— - —— .-

CERAMICS

Alumina Al O, 387 382 49
Magnesia MgO 3.60 m 1.2

Silicon Nitride Siy Ny 166 40

Zirconia ZrO, 592 170 8.6

f-Sialon 328 300 7.7

Glass-ceramic Sileeram 290 2.1

METALS

Auminium 270 [
Aluminium-3%Zn.0.7%Zs 28] 72
Brass Cu-30%Zn B.50 100
Nickel-20%.Cr-15%Cao 8.18 204
Steel mild 7.86 210
Tianium-2.5% Sn 4.56 12

POLYMERS

Cposy 12

Melamine formuldehyde :io
AL
1.30
1.19
103 1o 48
170 15 a0 s

“Strength values are olrined frons the levt appropriate fn the material, o g., Mexnrnl aad tensits for coramizs and metals respectively.

PHURSER 288 %e

L3
47
61
54
42

et
B G T e

1.5

7
23
550

1200
460
™

50

70

70

70

50

0

60




Some Applications of CMC’s and MMC's

Some applications of ceramic and metal matrix compasties

- -— —_ -

Inddwstrial sector Applicaron
Ceramic matrix Moeral marris

Aerospace afterburners, brakes, hewt struts, anfenaac

shields. rocket nozzles
Automobile brakes pIslon crowns
Manufacturing thermal insulation, cutting

1ools, wire drawing

dies
Elcctincal superconductors, contacts,

lilamenis, clectrodes

Medical prostheses. fixation plates
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2YNOETA KEPAMIKHZ MHTPAZ

(Ceramic Matrix Composites)
CMC's

matrix composites

[ Silicon Carbide B

Key points
Used in high thermo-

with long time
exposures.

.

structural applications %

Reinforcements:

Heidenreich, 2015

Applications:

Pye—
Rocket nozzle
D Carto, 2015

-

Aeroengine vane

matrix composites

{ Carbon )

Key points

Used in frictional
applications and short
high temperature
applications.

"

Reinforcements:

Applications:

Break discs

Krenkel et Thebault, 2015

Ventilators gas

Hatta et i, 2015 )

[ Oxide )

matrix composites J

Key points

Used in applications
where superior
thermal stability is
needed.

.

Reinforcements

Applications:

Mixer noozle

Keller ot o, 2015%

Acoustic noozie

elier ot al., 201

ZrB, or HfB, h
matrix composites J

Key points

Used in applications
where ultrahigh
temperature is
needed (>2000°C)

Reinforcements:

A
} ~
'-'Qr“'_

Kagawa et al, 2015

Applications:

Rentry nose
nson, 2015

Nozzle

Savino et ol 2015 )
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Mechanical Properties Data for Some Common Matrix Materials

Compressive
Flexural Strength Percent
E T.. Strength  (after 28 days)  Elongation Ky
Example [MPa (ksi)] [MPa (ksi)]  [MPa (ksi)]  [MPa (ksi)]  at Failure  (MPa Vim)

6900 (1000} 69 (10)
6900 (1000} P2 R0

69 x 107 (10 x 10 76(11)
115 % 108 (17 x 10% 170 (25)

Class
Polymer*
Metal®
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