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Composite MaterialsComposite MaterialsComposite MaterialsComposite Materials

• Modern applications require materials with unusual combinations 
of propertiesof properties

• These properties might even be contradictory

• Nature gives good examples: Wood (strong and flexible cellulose 
fibers embedded in stiff lignin) or bone (strong and soft collagen 

bi d ith h d d b ittl tit )combined with hard and brittle apatite)

What kind of geometrical arrangements are generally possible?



Main divisions of Composite MaterialsMain divisions of Composite MaterialsMain divisions of Composite MaterialsMain divisions of Composite Materials
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What geometrical information do we need?What geometrical information do we need?What geometrical information do we need?What geometrical information do we need?

In order to describe the dispersed phase in the matrix the following 
terms are neededterms are needed

• Concentration
• Size• Size
• Shape
• Distribution

O i t ti• Orientation



Particle reinforced compositesParticle reinforced compositesParticle reinforced compositesParticle reinforced composites

Large particle compositeLarge particle composite

Main goal here is an improvement of mechanical properties
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Dispersion strengthened compositesDispersion strengthened composites 
Think tempered martensite



Fiber reinforced compositesFiber reinforced compositesFiber reinforced compositesFiber reinforced composites

Fiber reinforced composite materials are the technologically mostFiber reinforced composite materials are the technologically most 
important form of composite materials

T i l lTypical examples are 

• Glass fiber reinforced polymers
• Carbon fiber reinforced polymers

The performance of such fiber reinforced composites – if everything p p y g
else (fiber length, orientation etc.) is taken care of – critically depend 
on the interfacial bonding between fiber and matrix

This leads to a number of strategies to improve this bonding

• Plasma activation• Plasma activation
• Chemical functionalization



Layered compositesLayered compositesLayered compositesLayered composites

• Laminar composites and sandwich panels are the standard 
macroscopic technologically exploited forms of “layered” 
composite systemsp y

• Coating technology allows to create relative complex layered 
composite structures with relative easecomposite structures with relative ease

Here structures range from

MBE  superlattices to “standard” multi-layers

H th l d t h ld t b f d ith• However, these layered systems should not be confused with 
functional layered systems

l f l i h l i l h d• Example: Quest for ultimate technological hardness



Materials Materials 
DegradationDegradationDegradationDegradation



Materials DegradationMaterials DegradationMaterials DegradationMaterials Degradation
mechanical

fatigue
fracture

i
chemically
aqueous corrosion
high-temperature corrosion

b i

tribological
abrasion
wear



Electrochemical CorrosionElectrochemical Corrosion
approx. 5% of a nations income is spent on corrosion
rust, HT corrosion..

oxidation reactions – metal gives up electrons 
M Mn+M Mn++ne-

anodic reaction

reduction reactions – species accepts electrons 
Mn++ne- M
2H+ 2 H2H++2e- H2
cathodic reaction

electrochemical reaction: two half reactions
Z Z 2++2 / 2H++ 2 H ( )

corroding
anode

cathode
e.g. Zn=>Zn2++2e- / 2H++ 2e-=>H2(gas)

galvanic couple: Fe2++Zn=>Fe+Zn2+: potential: 0.323V
but:             Cu2++Fe=>Cu+Fe2+: potential: 0.780V



Standard Hydrogen Reference HalfStandard Hydrogen Reference Half CellCellStandard Hydrogen Reference HalfStandard Hydrogen Reference Half--CellCell
electromotive force seriessusceptibility to corrosion

Pt surface:
H2 “oxidation“ anodic reaction
H+ “reduction“ cathodic reactionH+ reduction  cathodic reaction

hydrogen gasy g g

1M solution of H+ ions saturated with H2 gas at 25°C/1atm 
(mole/1000cm³)



Iron CorrosionIron Corrosion Rust FormationRust FormationIron Corrosion Iron Corrosion -- Rust FormationRust Formation

rust rustrust rust

cathodic(+e-) anodic (-e-)

(1) Fe+1/2 O2+H2O=>Fe2++2OH-=>Fe(OH)2

(2) 2Fe(OH) +1/2O +H O >2Fe(OH)(2) 2Fe(OH)2+1/2O2+H2O=>2Fe(OH)3
RUST



Forms of CorrosionForms of Corrosion

if kuniform attack
-over the entire surface (steel components)
-predictablep

local corrosion /intercrystalline corrosion – pitting/crecive corrosion
-little material loss
-initiated by localized surface defect
-stainless steels are prone to pittingp p g
-concentration differences in electrolyte

i / i istress corrosion / erosion corrosion
-crack growth enhanced by corrosion 
-wear + corrosion -> protection becomes ineffectivep
.....



Corrosion ProtectionCorrosion ProtectionCorrosion ProtectionCorrosion Protection

galvanic protection – Zn coating

cathodic protection (sacrificial anode)cathodic protection (sacrificial anode)

coatings/inhibitors (paint, enamel..)
corrosion protection oriented designcorrosion.protection-oriented design



High Temperature CorrosionHigh Temperature CorrosionHigh Temperature CorrosionHigh Temperature Corrosion

M+1/2O >MOM+1/2O2=>MO

>500°C
rate is determined by diffusion
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non-porous and adherent scale:
parabolic rate law

δ
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δ linear:
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(instead of δ often the weight gain W is measured)



Materials SelectionMaterials SelectionMaterials SelectionMaterials Selection
1 analysis of the application1 analysis of the application

-functional - structural
l di diti-loading conditions

-environment (T,atmosphere)

-safety requirements
-service life
-recyclingy g
-cost
-design

-one ore more parts
-engineering design (FEM)

valves, e.g. exhaust valve



Materials SelectionMaterials SelectionMaterials SelectionMaterials Selection
2 materials preselection2 materials preselection

-metal (steel, Aluminum..)
l

fulfillment of the loading criteria
cost/availability
manufacturing-polymer

-ceramic
-composite

g
joining
recycling

-new material development

3 materials modification

-heat treatmentheat treatment
-coating (corrosion protection,
(wear resistance...)



Materials SelectionMaterials SelectionMaterials SelectionMaterials Selection
4 materials/component testing4 materials/component testing

-mechanical properties
i i t-corrosion resistance

-prototype – testing under near 
service conditions

5 design modifications

e.g. Volkswagen 1l car:
Mg frame +
C-fibre reinforced epoxy


