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Development of high performance compounds for FFF printing

in the aerospace applications

» The primary objective of the aerospace world is certainly that of reduce the e . |
weights of their aircraft with lighter parts maintain high performance standards o et { B

of the components produced.
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FOR FDM PRINTING OF AIRCRAFT COMPONENTS movement
»High mechanical properties
»High resistance to solvents o anced Plastics
»Temperature resistance high strength application

»Good processability for FDM printing
»High adhesion properties of the composite to metal substrates

PC PET PP

Engineering Plastics

»High wear resistance ructural purpose
g * aptplica:]ionps TPE TPU ASA
HiPS NYLONS(PA) PVA
Standard plastics PLA

Non-critical applications
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Development of high performance compounds for FFF printing

in the aerospace applications

Blending to increase

»Mechanical properties
>CF/Matr|?< adesion _ Polyetheretherketone (PEEK) »Wear resistance
»Composite/Metal adesion Victrex 450 CA 20

»AM Processability

Polyetherimide (PEI)

SABIC Ultem 1010 Nano Zirconia (30 nm) Alroko

VICTREX™ PEEK 450G™ A‘A

victrex

VICTREX® PEEK 450CA20 [o]

Data Sheet: ULTEM 1010

Alroko

Trust in Reliability




Main characteristic of the starting material

Tensile Melting
BENCHMARK: SOLVAY KETASPIRE KT820 CF10 E Strength point Melt viscosity
[GPa] (MPa) (°C) Tg (°C) (Pas)
Ketuspire® CARBON PEEK PEEK Solvay
Filament KetaSpire® PEEK Ketaspire CF 10 LS1 11 140 343
Design & Processing Guide
PEEK VICTREX 450 G 4 98 343 143 350
= =t i PEEK VICTREX 450
DL EL e CA 20 195 230 343 143 525
PEEK 450 CA 20 / PEI (80/20) 25cm”3/10
PEI Ultem 1010 3.2 110 340 216 min
PEEK 450 CAZ0/PEI1050) | | N
(95/5), 30 nm % %

1 Carbon PEEK Solvay Ketaspire KT820 CF10 10 -
2 Carbon PEEK Victrex 450CA20 20 -
3 C-PEEK450CA20/PEI:80/20 16 20
4 C-PEEK 450CA20/PEI:70/30 14 30
M 5 C-PEEK450CA20/Zr0O,:95/5 ~20 5



Preparation by melt compounding of Hybrid composite based on

Carbon PEEK, PEI and nano ZrO2

MIXER HAAKE PolyLab QC

_
PEEK/PEI (70/30)

PEEK/nano ZrO2

PEI Ultem

El\El\ PEEK/PEI (80/20)



SEM and Calorimetric analysis (DSC) of PEEK/PEI e PEEK/nanoZrO2 compound

Heat Flow (Nomalized) (Wig)

Victrex 450 CA20/PEI 70/30 Victrex 450 CA 20 Victrex 450 CA20/nano zr0295/5 L ]
PEEK/PEI/ZrO2 | 100/0 | 80/20 | 70/30 | 95/0/5 ] T
(%) g YT
Tg (°C) 149.0 | 170.9 | 176.8 | 216.1 z
Tc (°C) 303.6 | 293.6 | 294.2 289.5 éo e
Tm (°C) 343.1 | 338.4 | 338.9 |339.1 ?;.0_6
Xc* 30.4 | 26.2 | 313 26.6 e

Temperature (°C)




Mechanical characterization of the compound (STIIMA CNR)

Carico limite a rottura Modulo di Young
200 187 1,4 1,27 555
180 160 148 T 12 .
e 129 L A 0,96 1,01 0,95
'E‘ 140 ’_\ 115 a0 1
2 120 5 oz
2 10 2
v g o 06
5 60 L:? 0.4
40 <
20 Eo 0,2
0 0
C-PEEK C-PEEK+PEl  C-PEEK+PEl C-PEEK+ZrO2 C-PEEK Solvay C-PEEK Victrex C-PEEK+PEI  C-PEEK+PEI  C-PEEK+ZrO2  C-PEEK Solvay
Victrex 450 80/20 70/30 95/5 Ketaspire 450 CA20 80/20 70/30 95/5 Ketaspire KT820
CA20 KT820 CF10 CF10
Sample ISO527* E [GPa] UTS [MPa]
C_PEEK 1,27 | £ 0,27 | 160 |+ | 7 e oencomsen
— / C-PEEK_ZrO
C_PEEK_PEI20% 09 |+| 004 | 129 |+ | 4 = )
s
/ ‘gh
C_PEEK_PEI30% 1,22 |+ | 0,11 | 187 |+ | 12 5
C_PEER _ZrO2 1,01 | +| 0,04 | 148 |+ | 15
m C_PEEK_Solvay 095 |+ 006 | 115 | ]| 3 . 7 .
Elongation




Preparation by Extrusion of Filament for 3D printing (FFF)

Process parameter Unit Value
Feeding °C 380
Compression °C 394
Transport °C 390
Dye °C 386
Melt °C 392
Pression of extrusion Bar 82
Screew speed RPM 18

m extrusion speed m/min 7




C-PEEK+5% n ZrO,

C-PEEK+PEI 30%

C-PEEK+PEI 20%




Fretting Test on Hybrid Carbon PEEK/nano Zirconia

Carbon PEEK Carbon PEEK/nano Zirconia

C-PEEK sample

Y00 mm 1.00 mm 0.75 0.50 0.25

’r

time=3h Ah = 6,6 pm Ah =0,58 um
Load =10N AX =0,5mm AX = 0,5 mm
F=60Hz
L =90 um

m 10
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https://materiali.sostenibilita.enea.it/en
https://materiali.sostenibilita.enea.it/structure/matas
https://materiali.sostenibilita.enea.it/structure/matas
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