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Material constituents:
-  GFRP based Sandwich
o Epoxy or Phenolic
o Aramid core

Photo credit: SAFRAN
Cabins Germany GmbH

Challenge: Repair and recycle

CirKle: ReCycling Werkstoffe fur Flugzeug-Kabinenbauteile
Recycling materials for aircraft cabin components
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Processing
Bulk Composites DLR

Process steps Cirlﬂ e
<

DEGASSING

OVERHEAD STIRRER OF PARTICLE DISPERSED RESIN
Provides controlled

mixing speed for

Resins systems in use

OVERHEAD STIRRER

PARTICLE DISPERSION IN RESIN

Resin System Manufacturer Mixing ratio (wt) | Cure Schedule proper dispersion
RIMR 035¢ + RIMH 037 Westlake Epoxy 100: 28 80°C / 5hrs i R
. entrapped air to expand
Elium 188X0 + Perkadox Arkema + Nouryon 100: 25 RT overnight Do i
GB50X il
Adi Birla Ad d 80°C / 25mi nnirizo(y'c:'r/ BUBBLES RISE
. itya Birla Advance . ° min + transparent). S

Recyclamine 033R + 040H Materials 100: 40 140°C | 4 hrs ST
PARTICLES
Solid fillers

PARTICLE DISPERSION
Solid particles remain ——7

WELL DISPERSED 3 .
Particles are evenly mm‘;‘m":‘m
distributed throughout ik

the resin. g

Flame retardant: ATH based S-11 (10wt%) except
for reference epoxy (20wt% ATH).

j 2

~ Photo. credit: Internal

Visual of Eliﬁm before and after curing

Cured in Open Mould

Al generated impression: Stirring + degassing
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Bulk Response

Thermal performance: DSC and TGA
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Epoxy Epoxy + 20%%ATH Elium Elium + 10%ATH
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Recyclamine

Recyclamine +
1086ATH

Key Findings

Recycleamine +
10%ATH — Best TQ:
123°C

Higher crosslink density
restricts polymer chain
mobility, elevating glass
transition temperature
above all systems.
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Elium — Lowest
Thermal Stability

Methacrylate-based
chemistry degrades
earlier; however, ATH
significantly  improved
its thermal stability, as
ATH releases water
during decomposition,
which helps delay the
degradation process
and enhances thermal
resistance.

Recyclamine delivers the strongest thermall
performance among all investigated systems.
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Thermo-mechanical response: DMA DLR

CirKI%

ATH acts as a rigid particulate filler, influencing structural stiffness in both
resin systems — without significantly compromising thermal performance.

Bulk Response B o

Material

ATH Reinforcement Effect

Epoxy

Epoxy + 10%ATH

TAN DELTA | Tan DELTA
2 ‘
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Recycleamine PP | :' g 1] ] [t
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g ®Loary § Y @heopieamine
aitoats otsan - 0%t 05 | | 2 . ! L @hacikaming < 10RAIN
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Recycleamine + 10%ATH v
_ foaicane i y
.......................
0 500 1k 1.5k 2k 2.5k 3k 3.5k 4k 4.5k 5k 5.5k 92 - 00
0 100 1% 30 [ 150
Storage Modulus (MPa) .
Temperature Temperature

Recycleamine + ATH
+43% modulus increase — ATH provides dominant rigid

+21% modulus increase — matrix already possesses high
reinforcement in a lower-crosslink matrix.

intrinsic crosslink density, limiting incremental gain.
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Recycling
Routes for additive recovery DLR

| | | (_irkle
Elium currently offers the more straightforward recycling pathway, though The Engineering Challenge =
Recycleamine delivers superior in-service performance 11,
] ' ™| . System Performance Recyclability
Elium Moderate Excellent
Recycleamine Excellent Challenging

Fig. 8: (a) Recycled Recyclamine]mixture containing solid particles before filtration, (b) Solution with

Fig 6: (a) Initial state of the sample after 24 h in acetone, (b) filtration setup, (c) deposits on . 5 > % !
precipitation, (c) Collected filtrate after filtration, used for further analysis.

filter paper, (d) scraped particles from filter paper.

Elium Route Recycleamine® Route @ Recycleamine recycling requires process

v Complete dissolution in acetone A Swelling observed optimization before deployment — a tractable

v ATH successfully recovered A\ Partial dissolution only engineering challenge given its performance
advantages.

A Resin residue: 2.4—7.1% contamination A Difficult particle separation

[1] Gebhardt et al., Journal of Plastics Technology, 2020, 16 (5), 180-210.
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Impact of Recycling B | s

State of the recovered additives Why ‘Residual’ Matters DLR

Residual Yield (;A.O) i r Kl e
o Higher residual formation creates a protective condensed-phase =
barrier, reducing heat feedback and volatile release — critical for =

» FST compliance in aircraft cabins.
. - TGA-DSC-measurement
) mass joss cue 1o ATH activation
18 i E— ! mass loss due o conversion of residual resin
s | ¢ virgin particles
oA recovered particles
Mass Aoyl 3 i
© . e | e—
Heatflow | et
g TN T —,

!

0 -~ f— 5 e S .

Epoxy Epoxy + 20%ATH Elium ) Elium + 10%ATH Recy i Recycleamine + 10%A... ] T ——— o —

et \ w [  combustion enthalpy of residual resin e
Recyclamine + 10%ATH — 30% Residual \) scivetion enevgy of ATH particles = 93640
Synergistic effect of crosslinks and ATH conversion to Al,O; forms a o m m w m s m m e o e w m
stable protective layer. s S L R U o
| resin residue on ATH particles ~ 2,43% - 7,07%
. . DSC-TGA based assessment of the recovered S-11 particulates showing a resin residue.

Elium + 10%ATH — 9% Residual
Methacrylate based structure yields minimal char despite ATH ©) Recycllalmlne +.ATH shows the stro.ngest potential for
addition, representing a significant FST liability. FST-critical cabin monument applications.
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Conclusion and Future Outlook B | s
The way forward DLR

CirKlg
Key Conclusions Future Outlook S

1 Recycleamine exhibited the highest thermal —> Optimize ATH Recovery
stability Improve filtration setup and reduce resin residue.

Tg of 123°C with ATH — superior to all systems.
— Optical Microscopy

2 ATH improved stiffness and residual formation Analyze agglomeration of ATH particles

+43% modulus in epoxy; 30% residual yield in Recycleamine.
— Tensile and Flexural Testing

Tensile tests will be performed on the flame retardant EP360 laminates to

3 Recycleamine + ATH: best overall performance evaluate their strength, stiffness and load bearing performance

Leading thermal, mechanical, and fire resistance metrics.

— Reuse Evaluation

4 ATH recovery from Elium is feasible Assess recovered ATH performance in secondary composites.

2.4-7.1% resin contamination requires further refinement.

@ Recycleamine + ATH is the most promising sustainable
alternative for aircraft cabin monuments — pending recycling
process optimization.
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