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Air Travel is back! — But Strong Impact on Climate Change
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Aviation is fastest-growing Source of Greenhouse Emissions

Air traffic threatens to become the
by 2050

7% OF TOTAL
HUMAN CLIMATE IMPACT

* Flying less
* New propulsion systems
» Biobased fuels

« Lightweight design and material

Emissions at high altitude have
greater impact than comparable ground emissions
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Development of FRP in Aviation
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Development of FRP in Aviation — Quo Vadis?
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INTRODUCTION

High-Temperature Resin Systems

Long-term
T4 upto 500 ° :
Price: 1000€/kg Té)rﬁe(rearlgpugre
Difficult processability = P
Max T,: 370-400 °C £

Price: up to 1000€ 300-375 °C
Difficult processability

Poly-
imide

BMi a\‘
)
Max T,: 230-380 °C Cyanate

Price: >150€/kg Ester
Toxicity by inhalation
High melting point

260-300 °C

Max T,: 250-400 °C
Price: 250-450€/kg 200-230 °C
Poor mechanics

Humidity-sensitive

140-180 °C

Max T,4: 250 °C
Price: 5-50€/kg
High water-uptake
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High-Temperature Resin Systems

Epoxy-based?
Ty> 280 °C?

Long-term
Operating
Temperature

300-375 °C I
260-300 °C
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Motivation for the Research

)

Long-term
thermo-
oxidative

High-T,
Epoxy Resin System

Reliable
Lifetime
Prediction

Aging

Resin Additives
Toughener, Flame Retardant)

Glass Fiber-Reinforced
Composite
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High-T, Epoxy Resin System — Technical Aims

(P)HHR < 65 kW/m?
TSP: <20 m?

T,> 300 °C (DMA: tan d)

Tas> 370 °C (TGA)

Prepreg/Composite

Neat Resin
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High-T, Epoxy Resin System — Technical Aims

Tstart of curing < 160 °C
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MOTIVATION Prepreg/Composite

High-T, Epoxy Resin System — Technical Aims .

Tstart of curing < 160 °C
(P)HHR < 65 kW/m? o> 90 MPa

TSP: < 20 m? N <10.000 mPas at 120 °C
Shis Kic> 0.8 MPam®5

Mechanical
properties

D

9
9

".
&

T, > 300 °C (DMA: tan ) ILSS > 30 MPa Latency

no Tg, shift >6 months (RT)

<3 % at70°C

Tq5> 370 °C (TGA) o> 400 MPa
<5%at70°C

p /A




MOTIVATION Prepreg/Composite

. . . . Neat Resin
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MATERIALS AND METHODS

State of the Art
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. CHAPTER

Overview of Chosen Material System
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Functionality: 5.0
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Exolit OP935 Sumikaexcel 5003P
Particle size D50: 2um Hydroxy-terminated PES powder
Co.ntent: 10 wt.% FR Toughener Particle size 20 ym
by Clariant AG (Germany) Content: 20 wt.%
By Sumitomo Chemicals (Japan)
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MATERIALS AND METHODS

Experimental Design

Sample Preparation Testing
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MATERIALS AND METHODS

Methods — Design of Experiments (DOE)

Full factorial design Partial factorial design (Taguchi)
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RESULTS AND DISCUSSION

Properties

Dimensional Thermal Mechanical Fire related
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RESULTS AND DISCUSSION

Outputs
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RESULTS AND DISCUSSION

Full Factorial DoE- Thermal Properties: DMA (S5 @
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RESULTS AND DISCUSSION
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Full Factorial DoE- Mechanical Properties: 3-PBb|( > @
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R. A. Pearson, A. F. Yee, “Toughening mechanisms in thermoplastic-modified epoxies: 1. Modification using poly(phenylene oxide)”, Polymer 1993, 34, 3658-3670
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RESULTS AND DISCUSSION
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Full Factorial DoE - Fire Properties: CCT
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Prepreg Processing

28 Source (Helvetica, 8pt)

. Style 7781 Glass-Fabric

satin 8H weave pattern
Weight 295 g/m?
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Laminate Manufacturing

Crossply Laminate

(0/90)45
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o for shear-loaded parts
o for pipes/ducts

Lay-up on
heating table
(50% FVC)

Curing Process
W ¢ P (>25 bars)

S& T f P (> 25 bars)

Curing Cycle:
1h 120 °C/3h 180
Free-Standing Tempering 1h at 250 °C



Laminate Manufacturing

Crossply Laminate Quasi-Isotropric Laminate
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Influence of Aging on Interlaminar Shear Stress
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Influence of Aging on Interlaminar Shear Stress
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RESULTS AND DISCUSSION

Influence of Aging on Interlaminar Shear Stress
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RESULTS AND DISCUSSION

Influence of Aging on Interlaminar Shear Stress
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Influence of Aging on Interlaminar Shear Stress
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Influence of Fiber Reinforcement on Aging Behaviour

N, Atmosphere
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Influence of Fiber Reinforcement on Aging Behaviour
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SUMMARY

Summary of Results

High-T4 epoxy resin system developed with temperature-stable additives suitable
for prepreg processing

O
Influence of toughener and flame-retardant on thermal degradation, mechanical
properties and flame retardant properties

O
‘ Influence of fiber-reinforcement on aging behavior determined
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OUTLOOK

Next Steps...

Determination of the influence of additives on the isothermal aging behavior
on GFRP and CFRP composite

Determination of the influence of additives on the temperature cyclic aging behavior
on GFRP and CFRP composite

Life time prediction for neat, additivated resin system and laminate with
Netzsch Kinetics Neo

¢
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Questions?

Aging...
You can‘t avoid it
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