cj Smart design of polymeric dispersing agents
for high-performance functional inkjet inks
CHEMSTREAM

SUSTAINABLE CHEMISTRY ChemStream BVBA
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cj Chemstream’s Profile

Independent chemical R&D company: 0 Nano dispersions

» Translating customized requirements into chemical formulations with
dedicated functionality, from design to prototyping:

»Core activities:
U Innovative contract research
U Customized product development

U Design and synthesis of functionalized (bio based) polymers
(dispersants, emulsifiers, surfactants...)

B . .

0 Coatings U Inkjet inks
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cj Chemstream’s Profile

Founded in April 2010
Staff profile: 10 PhD’s and 3 Lab technicians
Chemistry (11)
Material Science (1)
Bio Engineer (1)
Located at 3oaks,
Site for innovative companies near Antwerp University
Lab-facilities (500 m2):
Organic synthesis
Chemical formulation
Characterization
Partner in several funded R&D projects :
Vlaio (Flemish government) & é ':,,\ '
Catalisti (Flemish) — Member of board of directors E&== // ‘._\‘ 77
SIM (Flemish) | -
Ho02020 (European) - Consortia

-
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l:j Ink development process

Carrier Dispersion Binder

Simulant for dispersion stability /

Pigment / dispersant screening

Binder selection
WB dye for printhead fingerprint

(Visco adjustment)

C,MY,K dispersion selection / - Dispersion Stability

Carrier optimization: \/
- Tg

- Humectant, co-solvent, surfactant : )
. - Filmfor ion
- Throughflow printhead

Ink formulation

Open time, jetting ’

Ink formulation

Binder

Open time, jetting, film formation
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Making pigment dispersions

Downsizing pigment particles
by impact energy

= Milling

Stabilizing small pigment particles

= Dispersing agents
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Jar milling : easy screening




Further development and upscaling

Up to 7 kg of prototype dispersion
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l:j Stabilizing your dispersion

1. Design the pigment-anchoring chemistry of
the polymeric dispersing agent or the pigment
surface

2. Design the colloidal-stabilizing chemistry of
the polymeric dispersing agent

3. Design the optimal architecture of the polymeric
dispersing agent

4. Synthesis of the polymeric dispersing agent /
pigment particle surface and optimization via
QSAR analysis
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cj Hansen Solubility Parameters (HSP)

e The idea: ‘similia similibus solvuntur’ or 25 ’ "
‘similar compounds dissolve in each other’ ]
20 | —
| O\ Q; .
e 3 Hansen parameters: 15— ‘
|
e 9, : dispersive or nonpolar interactions 10 |1 . .‘ -@
(Van der Waals interactions) d q
e 9, : polar interactions (dipole-dipole .
interactions) b R e, R b
e &, : hydrogen bonds (all the other polar 5 T < 15 %
contributions) Ty S o
N N 2'5
4 : 25 ;
e The solubility parameters of Hansen were 3

used for the solvents . .
Hansen solubility space containing

40 chosen solvents
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Hansen Solubility Parameters (HSP)

‘Compatibility’ or ‘Solubility’ are broad terms:

e Dissolving (of a powder/drug/compound in

solvents)

e Miscibility (of solvents)
e Sedimentation (of a solid/pigment in solvents)
e Diffusion/permeability (of solvents through a

polymer film, skin,...)

e Swelling (of polymers in solvents)
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Pigment surface properties

Determination of pigment surface properties via Hansen Solubility Parameters

SHversus 3P |
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l:j HSP analysis of pigments

Commercial pigments = very diverse! Example
i - ; Mixed Crystal Magenta PV19 R=H
e different work-up processes after production PV10/PR202 R203 R Ol
e different surface modifications of the pigments o
H
=> Different surfaces for the same pigment types! R\T/\\\ | -Wuv/-j
But: mostly, the details are not known! Z NN ,//\Irf»‘\f ‘R
0 |

Pigment A Pigment B Pigment C
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Pigment choice

Pigment A

UV monomers

Pigment B

Minimize interaction between
pigment and medium

Pigment C
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Pigment and anchor chemistry
Water-based ink

Interaction determination between pigment and dispersing agent
Hansen Solubility Parameters

SH versus 5P
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E Stabilizing chains in dispersing agents
j Water-based ink

Interaction determination between medium and dispersing agent
Hansen Solubility Parameters

SH versus oP
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Stabilizing chains in dispersing agents

Stabilizing dispersions

e Electrical double layer (water-based dispersions)
e Steric stabilization (adsorbed or chemically attached polymers)
e Depletion stabilization (Free polymer in the medium)

¥ #F
%.i.‘ﬁ
¥ LA

Electrostatic Steric Depletion

+
+ o+
+ - -
- *

+ +
\:- p :/
H,0 + .+ - 1 H,0
2 + f o 4 2

+ - -
- +
+ +
+ - +
-
+
o4

2019-09-27

ChemStream CONFIDENTIAL

16



E Determination of optimal polymeric structure via
J QSAR

Graft copolymer

Alternating copolymer Block copolymer

@
Statistical (random)
copolymer
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l:j QSAR analysis of different polymeric architectures

Mag7d80

Statistical copolymer Block copolymer
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Dispersion evaluation

REL.
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Particle size distribution
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Dynamic Light Scattering (DLS)

INTENS-WT GAUSSIAN DISTRIBUTION

20 50 100 200 500

CHI Squared Large; Use NICOMP Analysis

Absorbance

SSF: Spectral separation factor

1,8
1,6
1,4

1,2

Complementary to particle size distribution

UVVIS spectra of UV-inks and SSF calculation

SSF: 26,8

SSF: 13,6

===PB15:4 dispersion
===PR122 dispersion
PY150 dispersion

Wavelength (nm)
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l:j Ink development process

Carrier Dispersion Binder

Simulant for dispersion stability Pigment / dispersant screening

Binder selection

WB dye for printhead fingerprint

(Visco adjustment)
\C;MX'K dispersion selection - Dispersion Stability

Carrier optimization:

- Tg
- Humectant, co-solvent, surfactant : )
. - Filmfor ion
- Throughflow printhead

Ink formulation Binder

Open time, jetting ’

Ink formulation

Open time, jetting, film formation
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Throughflow printhead Samba:

. c:l open times

Start ‘ 60 min

+ Pigment

Dispersion

Dye - ™
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Ej Prints on throughflow printhead Samba: open times

Pigment based ink OT: 50+ Min

+ Pigment +
Dispersion Binders
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Ej Prints on throughflow printhead Samba: open times

Pigment based ink

+ Pigment +
Dispersion I ES
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c:l Prints on throughflow printhead Samba: open times

Pigment based ink

L = ‘
OPEN TIME: 2018-07-10 - 13:18:53 OPEN TIME:
OPEN TIME: 0 MIN OPEN TIME:
INK-2 : CSF100152 /9 AA INK-2 :
VOLT-2 28V VOLT-2
TEMP-2 23.8¢C TEMP-2
ZBASE 2 MM ZBASE
SPEED 166 MM/SEC SPEED
WAVEFORM : DMXSMALL WAVEFORM

CHEMSTREAM BVBA

2018-07-10 - 14:42:12
60 MIN

CSF100156/6AA

28V

24.6C

2 MM

166 MM/SEC

DMXSMALL

CHEMSTREAM BVBA
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Thank you for listening

Bridging chem|stry and technology

More info on our website: www.chemstream.be
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