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3D Printable Slurries: Rheological Requirements
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3D Printable Slurries: Requirements & Challenges

Structure

= Slow fluid-to-solid transition greatly restricts: rebullding

kingtics

" Printing speed
" Print height

= Maximum possible overhang F\lmﬁalmsﬂess

- Prlnt F|de||ty Time and/or Number of Layers

Strength-based
Failure

Yield Stress, o,

= Controllable rapid stiffening:

= ensure the buildability of the structure

Higher Improved print height Improved free
standing length

= enables overcoming the limitations of overhangs and print fidelity
layer wise printing

= Selected slurry systems: Quartz, Calcite,

Portlandite, Binary & Tertiary mixtures
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Controlling Pre-printing Slurry Rheology: Ensuring Extrudability
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i i . . Solid Volume Fraction,
Solid Volume Fraction, ¢ PCE dispersants are effective at raction, ¢

Portlandite readily aggregatesin || controlling fractal structuring Suitable dispersant enables

water & limits ¢, 4 and rheology controlling ¢ & n independently

1.S. Kandy et al., Langmuir 2020, 36, 10811
2.S. Kandy, S. Srivastava, G. Sant et al.(2022), In Preparation
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Achieving Rapid Stiffening: Stimuli-Responsive Printing Slurries

Thermal Ultrasound

" |ncorporating a stimuli-responsive secondary l ,))))
binder which can trigger rapid stiffening \ .
= Secondary binder is triggered during and/or after ||—
printing to induce rapid stiffening Extrudable Slurry Pseudo Solid
Thermoresponsive Printing Slurries
?105 ! | ) | ' | 1 |
Printing - <
/ \ :i 104
| =
— E
|| 3 S 10°
Unreacted monomers Cr°55“n|_<Ed_ polymgr Extruder l § .
in suspension network binding part|cles/ 8 10
< /\ Heater<—| » T T T T
20 40 60 80
1.S. Kandy et al., Materials & Design, 2021(Under review) Temperature (°C)

2. US Patent 17/529763 (Pending
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Thermoresponsive Suspension Formulation: Prerequisite Attributes

Ren Pertormance

= \Water soluble/
dispersible

= Stable in alkaline
medium

\_

J

= Potential thermosetting compositions
—Condensation polymerization reactions

—Free Radical polymerization reaction

\_

—
N
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\
= Thermally latent & adjustable = Precise control over
induction period * Reaction kinetics
= Rapid reaction kinetics after * Stiffening rate
activation * Post-cured mechanical
* Minimum influence of strength
medium’s alkalinity on reaction
kinetics ) \ )
YA
oo | -
YAy Thermal
Trigger
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Thermoresponsive Formulation: Amine Catalyzed Epoxy-thiol ‘Click Chemlstry’

" Fast reaction kinetics & strong auto-acceleration Resin  CUMng njtiator . P
agent ¢ . b/{" o6 ‘p’\( Y
when T > T, - @ " " Ne
4 b W Oy i l
" Tertiary amine catalyzed reactions are thermally Epoxy  Thiol o iary OY o Y ¥
latent e . B 4
Thiol-epoxy thermoset
. . . | ! I 1 | 1 | 1 | | | | | | | |
®" Tunable reaction kinetics & thermal =1% Thiol/Epoxy, r e X (%)
response 2 22" 813°c  —0
" Resin dosage (p) s 2 4 102.4°C
o) o}
" Thiol-to-epoxy mixing ratio (r) ‘E -L;‘1_
oy @) ()
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o T
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[ ' [ ' [ ' [ ' | ! I ! [ ' | '
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Materials & Design 2021 (under review)
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Thermomechanical Behavior of Mineral Suspensions

= AtT > T,, polymer network build-up leads to gelation
= Gelation results in rapid shoot up in dynamic moduli and viscosity

104 . | | | | | | 120000 IR T I I TR I T . . . .
1r=1w/w 4 4 Quartz (¢=0.40) g = Controlled Rapid solidification:
= 1p=10% : i Bﬁ E |v Calcite (¢=(?.45) $ i
% lx=5% 088 o ° ‘::a/"z"’a"’“e (=0.80) ¢ = Average stiffening rate: ~ 500 Pa/s
@ _||p=10% S A& L
u:"103_5 i ¢ 0 80000 % — 596, r= 1 w/w S £ . . .
3 06 ¢ 2 3 = Activation time: 30s<t<200s
- i | L | 1 | 1 | L | o B
g ] o4 o
= V.4 & = L
© 102 L 3 © 40000 — 10000 5
o = o L
8 - - 02g O
S ] s g £ 1 20 40 60 80 -
2 4 0 w @ Temperature (°C)
Quartz (¢=0.30
101 I | I I I (I¢ I ) 0 ] —
0 40 80 120 160 20 30 40 50 60 70 80 90 100
Temperature (°C) Temperature (°C)

p: Resin dosage; r: Thiol-to-epoxy mixing ratio; x: Initiator dosage
Materials & Design 2021 (under review)
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Thermoresponsive Rapid Stiffening in Printing Slurries

= Achieved a precise control over the

suspension rheology: 15 anlrtz-célcité | E 9§.=OI50 20 :I ¢=. 0.5.0 | QLlarti-callcite
— Optimal pre-print rheology i [ (4070 wA) —14=055/ = g=055  Mixture
ensuring extrudability §10 + = 4=0.60 <15z 4=0.60 1L !
— Controllable induction time and % _ p=10% s | |
thermal latency < TL - »10- i -
)] - e
— Adjustable stiffening rates T 5 T - 3 . + jf
S © -
— Enhanced & tunable mechanical 3 r - ® > _
strength “ r |
0 1l ool

. Formulati e 1 MP ) 05 075 1 15 0.5 075 1 1.5
ormulations achieve a strength  rhjol.to epoxy mixing ratio, r (wiw) Thiol-to epoxy mixing ratio, r

achieved in t < 2 min

p: Resin dosage; r: Thiol-to-epoxy ratio; x: Initiator dosage
Materials & Design 2021 (under review)
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Materials & Design 2021 (under review)
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Conclusions and Takeaways

= Stimuli-responsive rapid stiffening suspensions Thermal Ultrasound
enables overcoming the limitations 3DCP l ,))))

" Proposed approach is compatible, economical, and | e
scalable for most structural construction materials ||—

= Formulations provide precise control over the Extrudable Slurry pseudo Solid’
designer compositions

. o 7 1 | 1 | 1 | 1 | 1
= Rheological response can be adjusted to meet the 10 j 50
- ; % . 1 Radical =T e
print requirements %10 3 polymerization - 05
3 10° o . e
P :
= A facile pathway to expand the design and S 10° 3 ! 2
. . - L2 3 ,/
production space accessible for concrete 3D printing B0 ,’ 20 1=
m 'i It
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0
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