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CHALLENGES “

GEOFAB

RHEOLOGICAL
PROPERTIES

Achieving the ideal viscosity
and thixotropy of the formula
for 3D Printing.

Physical and chemical
properties tailored for
catalysis and forming
applications.

POST-PROCESSING PRINTER

COMPATIBILITY

Addressing post-processing
steps to enhance the final

Adapting the Formula to
the 3D printer's extrusion
system.
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BINDERS CHARACTERIZATION
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RHEOLOGY - ADDITIVES

PEG4000

—WithoutAdditif —PEG4000 —Sepiolite —GX
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2 S
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Shearrate (V) 0,01 0,1 1 10
Viscosity behavior Shear Rate (1/s)
POWER LAW . . . o
n= K (7)™ Viscosity behavior of geopolymer formula with different
n<0.6 : Subtle Shear-Thinning additives

n<0.2 : Highly Pronounced Shear-Thinning
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RHEOLOGY - ADDITIVES

—WithoutAdditif G' ---WithoutAdditif G" —PEG G' -=--PEG G"

Visco-Elastic SOLID —Sepiolite G' - --Sepiolite G" —GX G' -=--GX G"

/ 1,E+05

No Crossing

‘-.‘

== Crossing at 73.3%

-----_---—-—-----

'I G" G" Modulus
2l

G'(Pa) G" (Pa)

Visco-Elastic LIQUID

6 Phase Angle

1,E+00
1,E-03 1,E-02 1,E-01 1,E+00 1,E+01 1,E+02

Shear Strain (%)

Storaie modulus (G') Loss modulus (G")



ROBOCASTING PROCESS
DEVELOPMENT

AN




UNIVERSITI
de Picardie

o3, GEOPOLYMER er X LT iz

RHEOLOGY 3D PRINTING

Viscosity = 5740Pa.s Extrusion Speed= 80step/mm.
Recovery rate = 45.11% Limited print flow control.
Yield Stress = 55.02% Significant sagging.

Less Precision.
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ADDITIVES PRINTABLITY

RHEOLOGY

Viscosity = 5740Pa.s
Recovery rate = 45.11%

Yield Stress = 55.02%

Viscosity = 29740Pa.s
Recovery rate = 85.77%
Yield Stress = 722Pa

3D PRINTING

Extrusion Speed= 80step/mm.
Limited print flow control.
Significant sagging.

Less Precision.

Extrusion Speed=120step/mm.
Uneven Extrusion.
Premature Gelling.

Bridging Effect.
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ADDITIVES PRINTABLITY

RHEOLOGY

Viscosity = 5740Pa.s
Recovery rate = 45.11%

Yield Stress = 55.02%

Viscosity = 29740Pa.s
Recovery rate = 85.77%
Yield Stress = 722Pa

Viscosity = 31120Pa.s
Recovery rate =87.15%
Yield Stress = None

3D PRINTING

Extrusion Speed= 80step/mm.
Limited print flow control.
Significant sagging.

Less Precision.

Extrusion Speed=120step/mm.
Uneven Extrusion.
Premature Gelling.

Bridging Effect.

Extrusion Speed=120step/mm.
Layer Visibility.
Premature Gelling.
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IDENTIFICATION OF THE RHEOLOGICAL LAW

S — —
0 —ohwa NON NEWTONIEN POWER LAW
——GP-SEP '
—=GP-XG 1
---N.N P.L GP-WA . .
10" T NNPL GP-PEG n = max(min(K%"; Nmax); Nmin)
"a"* - - -NiN F"jL GP-XG -
; GP-Formula K (Pa.s) n min (Pa.s) max (Pa.s) R?
Z 0 GP-WA 87526 0.348  20.02 1544 0.976
: GP-PEG ~ 298.195 0.383  47.55 6940  0.981
S GP-SEP  486.871 0.125 2554 27300  0.994
GP-XG 1214 0.262  8.836 48400  0.945

-
ra

Non newtonien Power Law parameters

101 . . . . . e . . -
1072 10 10 10’
Shear Rate (1/s)

7] Viscosity N Flow behavior index

K consistency index Y shear rate
Fitting Viscosity test for different additives L
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Real Strand Deposition Boundary Conditions Strand Deposition

Extrusion
volumetric flux U

Nozzle
| Diameter D=Imm

Contact
Angle

Substrate Velocity V
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EFFECT OF THE VISCOSITY ON STRAND DEPOSITION

3D strands for different GP

3D strands for different GP 10 s .
T\ Angle GP-WA= 148.91° - GP-WA
12 o - GP-PEG
08r 4 i —GP-XG
1 i"l-_p ! _"GP'SEP_
0.8 EO.G | %
=
E 0.6 S
£ N04
N 04
o2 0.2/ Angle GP-SEP= 160.15°
. N R e e R AR
o -1 0
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Y (mm)

Front view profiles Side view profiles
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EFFECT OF THE GAP ON STRAND DEPOSITION

3D strands for different GP

--g/D=0.4

Y (mm)
Front view profiles Side view profiles
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EFFECT OF THE VELOCITY ON STRAND DEPOSITION

Velocity
Contour 1

i 2.000e-02
' I 1.857e-02
: 1.286e-02
1.143e-02
1.000e-02
8.571e-03
7.143e-03
5.714e-03

1.714e-02
4.286e-03
2.857e-03
1.429e-03

1.571e-02
1.429e-02
0.000e+00
[m sh-1]

3D strands for different GP 11
~V/U=0.5 e
- V/U=0.75 | e 0.8+
1 —V/U=1 RAT s -
ﬁOB -V/U=15,‘_ ‘\ *506 .
£06 . 0.4
S~ s L
N i e
0.4 ; : 0.2
0.2 ‘\ 3 ," 0"
0 ‘..”"’5’- o i ‘j\' L. .n.nc""ﬁ.. J
-1 -0.5 0 0.5 1 =1.2 :
Y (mm) Y (mm)

Front view profiles Side view profiles
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Real Screw System Boundary Conditions Screw system

Extrusion
volumetric flux U

'Rotation

!+

Nozzle
Outlet
Diameter D
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NUMERICAL MODELING HIGH TEMPERATURE

01 Prediction through simulation of 0 3 Apply the developed process to
a multilayer and complex Model. manufacture parts for the Geofab
application.

3D PRINTER MACHINE LEARNING

0 2 Real-time 3D printing machine 04 Implementation of a machine learning
autocorrection via sensors. approach for the rheological analysis.
\ 4 ® o

PERSPECTIVES
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