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Outline

The principles of Fused Filament Fabrication (FFF) and how can
we use them

Morphological effects of Fused Filament Fabrication (FFF) on
nanocomposites

Induced anisotropy in PLA/nanocarbons 3D printed composites:
— Mechanical — for bio-mimicry

— Electrical — for “materials as devices”



The principals of Fused Filament Fabrication
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The principals of Fused Filament Fabrication

« Materials Parameters:
* Printing temperature (affected by polymer Tm)
« Build plate temperature (affected by polymer Tg)

* Product Quality Parameters:
* Printing speed (faster vs. more precise)
« Layer thickness (better resolution vs. faster printing, voids)
« Air gaps (faster & more precise vs. voids)

* Printing Progress Parameters:
 Building orientation
* Raster angle
 Infill percentage
 Infill pattern



The principals of Fused Filament Fabrication

* Printing Progress Parameters:
 Building orientation
* Raster angle
* Infill percentage o
e Infill pa’[tel’n I /4«.
e 0
(a)




The principals of Fused Filament Fabrication

* Printing Progress Parameters:

« Building orientation
« Raster angle

* Infill percentage

o Infill pattern

Bouzaglou, O. et al. Polymers 2023, 15, 2280.

o)

@)

+45°

0/900

0':;00'0"0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0‘0'0'0‘00

2
55505
otete%e!

R e se

425050
o0

T

R RSB EEBEI S

R SR
BSOSO e e e e

SIS

I

R
AAAAQQQQQO

S e
e SRS K SRS LR,
ojeteluteteteteletit
S0t S
<5

4
HAAAAHHHH NI I AT KK SR
R RERILIIRILLIR
L
LESEE

R R R R R T RTXT
R R R R ORRRS
A
”0’0’0’0’0’0’0’0‘0‘0‘0‘0‘0‘0‘““’o’“’n}:o::
£

4, 28, e D 0 DD )
oSS Rs
SRS
0 0 3 e
SNNN09,9,9,9,9,0.8
T
€, 8, e e 0 0 D 0 D
T
Pt X X i i i i o
RS B BS S EEEIIIEES
A I IR H I o

000:00000000000

O5=

Iby and Aladar Fleischman NOTINT NOTIFON
Faculty of Engineering |NEIYTO ATTNG PN WY
Tel Aviv University 2IN-TN NOOIUN



The principals of Fused Filament Fabrication

* Printing Progress Parameters:

« Raster angle

Bouzaglou, O. et al. Polymers 2023, 15, 2280.
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The effect of FFF on nhanocomposites

* Product Quality Parameters:
« Layer Thickness

——
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The effect of FFF on nhanocomposites

Particles positions viewed along the vertical axis
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It’s not a bug
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Induced anisotropy for bio-mimicry
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Induced anisotropy for bio-mimicry
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The system
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The system
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The system

« 3 different line directions:
0°,45°, 90 °.

2 different layer heights:
100pm, 250um

45°

N

Karutzero Y. et al. in preparation

——

~—
Iby and Aladar Fleischman NOTINT NOTIFON
Faculty of Engineering |AESYIO ATTNG VN Y
Tel Aviv University VIAN-TN NDOIIIN



Anisotropy dependence on nanoparticle
morphology

The Conductance as Function of the Printing Angle for 250um Layer Thickness
(1 mA)
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Anisotropy dependence on Printing
Parameters

—
K Y. [ i
-
arutzero Y. et al. In preparatlon —
Iby and Aladar F an N0TINT NOTIFON
i TO TN 'R WY
Tel Aviv Uni N-TN ND'DIIIN



0.06

Surface conductivity affected by printing
parameters '
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Volumetric conductivity affected by printing
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Morphologic explanation to electrical
anisotropy |
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Morphologic explanation to electrical
anisotropy
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Conclusions

 FFF is a highly versatile fabrication technique, capable of inducing anisotropy.

— Mechanical properties of FFF fabricated materials somewhat resemble those of micro-
composites — even in pure materials.

« FFF of nanocomposites affects the dispersion and alignment of the
nanoparticles within the matrix — allowing another degree of control in the

design.

« The effect of FFF on the nanoparticles in the nanocomposite depends on the
morphology of the nanoparticles.



And we haven’t discussed hybrids yet
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