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Abstract

Aromatic poly(fluorocarbinol)s with molecular weights (My) in the range 11,000-115,000 g
mol™) have been synthesised and their potential as polymeric binders in ink formulations for
deposition by continuous inkjet (CI1J) printers investigated. A small scale, proof of concept
study, using a drop-on-demand inkjet printer, suggested that the three lowest molecular
weight polymers (M, = 11,500 — 25,200 g mol™) could behave as very good binders in this
type of application. Two of these poly(fluorocarbinol)s (M, = 11,500 and 25,200 g mol™?)
were analysed as MEK solutions, pre-deposition, using shear-flow rheology. The lower-MW
material exhibited Newtonian fluid characteristics whereas the higher-MW polymer behaved
as a non-Newtonian fluid. For CIJ printing, both polymers were formulated in MEK using
Orasol Orange®, an ionic cobalt dye-complex, to visualise the prints and provide a charge for
deflection of ink droplets. The resulting solutions were deposited successfully on a variety of
different packaging substrates using a CIJ printhead, resulting in high-resolution printed
code. Magnified views of the jetstream during printing showed well-defined droplet
formation without any evident satellite drops. These polymeric binders showed limited
adhesion to low density poly(ethylene) (LDPE) and polypropylene (PP) surfaces, but
moderately good adhesion to steel and excellent adhesion to poly(ethylene terephthalate)
(PET), nylon-6,6 and glass. Contact angle measurements on drawn-down films of these
poly(fluorocarbinol)s showed that, despite their ready solubility in high-polarity solvents
such as alcohols and ketones, poly(fluorocarbinol)s afford coatings with relatively
hydrophobic surfaces (water contact angles ca. 90°). Such polymers thus appear to be
excellent candidates for binders in inkjet formulations, with materials having My in the range
10,000 to 25,000 g mol* displaying properties that are very well suited to use in continuous
inkjet deposition for coding and marking on an industrial scale.



1. Introduction

Coding and marking of manufactured products by inkjet printing is an established and
important procedure, involving the printing of information such as batch numbers, location of
manufacture and expiration dates that, in turn, allow ready identification of products and their
production path. Durability of the print is of utmost importance as it ensures that the
information is legible throughout the required lifetime of the packaged product, but this is not
always achievable using formulations containing only a carrier solvent and a pigment or dye.
Polymeric binders are thus included in many inkjet formulations and provide beneficial
properties both during and after deposition [1]. In particular, a low concentration of a
polymer in an inkjet formulation can aid efficient droplet formation and reduce the generation
of satellite droplets [1-4], which, in turn, improves the resolution of the printed code.
Polymers are also used to modify the formulation viscosity [5], improve pigment dispersion

[1,2,6] and, as noted above, increase the durability of the printed code [2,7].

However, despite the enhanced properties gained by the incorporation of polymeric binders
in inkjet formulations, the use of high concentrations of polymers or other very high
molecular weight materials can adversely affect drop generation and ejection from the nozzle
[3,4,8]. Careful selection of the polymeric binder is thus required to achieve optimum post-
deposition properties while also affording precise droplet formation with minimal generation
of satellite drops. Polymeric binders also need to demonstrate good solubility in the high-
polarity solvents used in inkjet formulations, yet also demonstrate a degree of surface-

hydrophobicity to improve the durability of the print.

Polymers containing trifluoromethyl groups often exhibit segregation of these groups at the
polymer-air interface [9], resulting in films with hydrophobic surfaces [9-14]. For example,
Banerjee et al. reported a series of copolymers produced by free-radical copolymerization of
2,2,2-trifluoroethyl  a-fluoroacrylate  (FATRIFE) with  different ratios of 2-
(trifluoromethyl)acrylic acid (MAF), affording a series of poly(FATRIFE-co-MAF) materials
whose hydrophobic characteristics decreased as the carboxylic acid (MAF) content increased
[10]. The incorporation of trifluoromethyl groups into polymer structures can also aid
solubility. Liu et al. [14] reported the synthesis of aromatic poly(ether ketone)s, (PEKS), both
with and without 3-trifluoromethylphenyl substituents and showed that inclusion of the
trifluoromethylphenyl groups enhanced the solubility of the polymers in organic solvents
such as THF, DMF, DMAc or NMP when compared to non-fluorinated PEK derivatives [14].



Although trifluoromethylated polymers may exhibit hydrophobic character when deposited as
films, the solubility of such polymers in solvents of high polarity can be either very poor or
even non-existent, rendering the materials useless for inkjet deposition purposes. However,
the solubility of fluoropolymers in high-polarity solvents could be improved by the
incorporation of strongly polar groups into the polymer architecture to produce materials that
contain both hydrophilic and hydrophobic functionalities. Aromatic poly(fluorocarbinol)s
[15] address these structural characteristics as they feature both a trifluoromethyl group and
an hydroxy residue appended to the same carbon centre within the repeat unit of the polymer.
Leroux et al. recently reported the synthesis of a series of poly(fluorocarbinol)s that exhibit
excellent solubility in high-polarity solvents such as acetone, methanol (MeOH), ethanol
(EtOH) and iso-propanol (i-PrOH) [16]. Despite the inherently high polarity of these
poly(fluorocarbinol)s, the surfaces of their cast films exhibited hydrophobic properties with
water contact angles of ~90°. The hydrophobicity of the films was attributed to spontaneous
enrichment of the polymer-air interface with trifluoromethyl groups, and this was confirmed
by X-ray photoelectron spectroscopic analysis. Here we report an investigation into the
development and application of the aromatic poly(fluorocarbinol) 1 (Figure 1) as a new

polymeric binder for use in inkjet printing formulations.
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Figure 1. Molecular structure of the poly(fluorocarbinol) investigated in this work.

2. Results and discussion

2.1  Polymer synthesis and characterisation

This study used the three-step synthetic route reported by Leroux et al. [16] (Scheme 1) to
generate a series of poly(fluorocarbinol)s (PFOs) la-e. This route involved first the synthesis
of poly(ether diketone)s (PEKKs) 2a-e, employing different feed ratios of 4,4’-
hexafluoro(isopropylidene)diphenol (3) and 1,3’-bis(fluorobenzoyl)benzene (4) to control the
final molecular weight. See Table 1 for molecular weight data, and the Supplementary Data

(SD) for more detailed characterisation of these polymers (Figures S1-S11).
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Scheme 1. The three-step synthetic route used to obtain PFOs l1a-e (see also SD).

Table 1. Calculated (from monomer feed-ratios) and observed molecular weights (M) of samples of
PEKK 2, produced using different feed ratios of monomers 3 and 4.

Polymer Monomer 3  Monomer 4  Calc. Xn Calc. Mn Observed Mn
number feed feed (g mol™) (g mol™) GPC
2a 1.0 1.0 o0 00 114,000
2b 0.9 1.0 19 11,800 10,500
2C 0.925 1.0 26 16,000 15,600
2d 0.95 1.0 39 24,000 22,000
2e 0.975 1.0 79 42,500 42,500




The diketone monomer 1,3’-bis(fluorobenzoyl)benzene (3) was chosen to afford PEKKSs 2a-e
with two ketone functionalities per repeat unit; subsequent conversion to PFOs la-e would
thus yield materials with two fluorocarbinol units, rather than one, per repeat unit. It was
envisaged that this design feature would enhance the solubility of the polymer in polar
solvents such as MEK and thus allow ready formulation of the polymer into inkjet inks.
Polyketones 2a-e were converted to the resultant poly(trifluoromethyl silyl ether)s 5a-e
(Figures S12-S27), by reaction with Ruppert’s reagent, CF3SiMes [16-21], catalysed by tetra-
n-butylammonium fluoride (TBAF). The PSEs were then reacted with an excess of TBAF to
produce the desired PFOs la-e (Figures S28-S42). Thus, for example, an exact 1:1 molar
feed-ratio of 3 and 4 gave a very high molecular weight poly(ether diketone) (PEKK 2a,
Mn = 114,000 g mol™?), with a dispersity of 2.29 and a glass transition temperature of 162 °C.
Trifluoromethylation of PEKK 2a as outlined above led to high molecular weight PFO la
(114,500 g mol™) which proved readily soluble in a variety of organic solvents of high
polarity, including: MEK, acetone, THF, CHCI3, CH.Cl;, MeOH, EtOH, and i-PrOH. The
observed molecular weights of the resulting PFOs, (M, = 11,500, 19,100, 25,200 and 44,900
g mol* for 1b—e, respectively); (Figure 2) were in very good agreement with their predicted

molecular weights, after conversion (Scheme 1) from the corresponding polyketones 2b-2e.
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PFO M, M, D
la 114,500 254,800 2.22
1b 11,500 19,400 1.68
le 19,100 28,600 1.54
1d 25,200 46,400 1.84
le 44,900 101,600 2.27

Figure 2. GPC chromatograms for molecular weight controlled PFOs, showing the increase in
molecular weight from 1b-1e. GPC analyses were carried out in THF at polymer concentrations of 2
mg mL.

As anticipated, decreasing the molecular weight of the poly(fluorocarbinol)s resulted in a
decrease in the glass transition temperature of these materials. The highest-MW PFO, 1a,
produced using an exact 1:1 ratio of monomers 3 and 4, exhibited a glass transition
temperature of 141 °C whereas DSC analysis of the lower molecular weight polymers 1b—e
showed significantly lower glass transition temperatures, in the range 114-134 °C (Figure
S43).

2.2  Contact angles and surface energies

Despite the ready solubility of PFO 1a in high-polarity solvents, films cast from solution
demonstrated hydrophobic surface-properties. To investigate these properties, films of PFO
la were produced at ambient temperature by casting, drawing down, and evaporating a 5%
solution of 1a in MEK, using a 24 um K-bar, to produce even films of thickness ca. 1.2 um

after evaporation of the solvent. Films of PFO la were produced on glass, stainless steel,



PET, nylon 6,6, LDPE and PP. The hydrophobicity of each polymer film was determined via
contact angle analysis, with the contact angles of water droplets on both coated and uncoated
substrates being measured with an optical tensiometer in sessile drop mode. The sessile drop
method suspended 5 pL water droplets from the solvent nozzle, before manual agitation
forced the droplet from the nozzle and onto the substrate. The angles of the droplet were
recorded every 0.1 seconds over a period of 20 seconds, after which time the surface droplet

had ceased spreading (Figure 3).
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Figure 3. Water droplets on uncoated glass, nylon 6,6, PET, stainless steel, LDPE and PP substrates,
together with images of the same substrates coated with PFO 1a, demonstrating the changes in contact
angle on coating.

This analysis revealed some significant changes in the contact angle of water droplets on the
PFO-coated substrates when compared to the uncoated substrates. Uncoated glass and nylon
showed very low contact angles of 41° and 49° respectively, indicating strongly hydrophilic
surfaces. However, the contact angles increased sharply to 83° and 84° respectively on
coating with PFO 1la, indicating the production of moderately hydrophobic surfaces.
Uncoated stainless steel, LDPE and PP exhibited non-polar surfaces, with water contact
angles of 90°, 99° and 104°, and these substrates exhibited a decrease in water contact angle
on coating, to 84°, 76° and 80° respectively. PET showed little change in contact angle on
coating, indicating similar surface polarities of PET and PFO 1a. The relative hydrophobicity
of the polymer film surfaces, despite the bulk polarity of the polymer, is attributed to

preferential segregation of CFs groups at the polymer-air interface [9-14].
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Figure 4. Contact angle measurements for uncoated glass, nylon 6,6, PET, stainless steel, LDPE and
PP (blue) and PFO 1a coated substrates (purple), showing the change in the hydrophobicity of the
substrate following the application of a thin coating (24 um) of the PFO 1la. Error bars were
calculated from standard deviations over 6 repeat measurements.

The surface free energies of the coated substrates were calculated from the contact angle data
according to the model developed by Fowkes [22,23], as refined by Owens and Wendt [24],
Rabel [25] and Kaelble (referred to as the OWRK model) [26]. Substrates coated with PFO
1a were thus studied using water, ethylene glycol and 1-bromonaphthalene to provide contact
angle measurements for two polar solvents and one dispersive solvent with known surface
energies. The surface free energy values calculated for the films of PFO la coated onto
different substrates were found to be fairly consistent (37.8-39.4 mN m™) except for PFO-
coated LDPE which exhibited a surface energy of 44.5 mN m (Table 2).



Table 2. Surface energies (y**") and average contact angles (°) for glass, nylon, PET, steel, LDPE and
PP substrates, and for these substrates coated with films of PFO 1a.

Substrate

Glass Nylon6,6 PET Steel LDPE PP

Uncoated substrate y™

53.3 42.8 43.8 34.6 32.4 25.7
(mN m™?)
PFO 1la coated
substrate y™ 385 38.7 378 390 445 394
(mN m?)
tot
Percentage change y 278 95 -13.7 +12.7 +37.3 +53.3
(%)
Uncoated substrate 41 49 78 90 99 104
water contact angle (°)
PFO 1a coated W?ter 84 83 82 82 76 80
contact angle (°)
Percentage change in +104.9 +69.4 +5.1 89 _232 -23.1

contact angle (%)

The uncoated glass substrate exhibited the highest surface energy (53.3 mN m™) as a result of
the high concentration of polar groups (typically Si-OH) on the surface of the substrate.
Coating a film of PFO 1a onto the glass substrate lowered the surface energy by —27.8%,
giving a much more hydrophobic surface with a water contact angle (84°), more than twice
that observed for uncoated glass (41°). The surface energies of the nylon 6,6 and PET
substrates (42.8 and 43.8 mN m, respectively) also exhibited a noticeable decrease upon
coating with PFO 1a (by —9.5 and —13.7%, respectively). Materials containing fluorocarbinol
functionalities are known to minimise the surface energy of cast films by enriching the
polymer-air interface with trifluoromethyl groups [9,16], which evidently accounts for the

hydrophobic surface-character of the present coatings.

However, the coating of PFO 1a on LDPE exhibited a higher surface energy (44.4 mN m™)
than did coatings on most other substrates (38.7 + 0.9 mN m™) and a correspondingly lower
contact angle (76°) than on the other surfaces (80-84°). It might have been expected that PP,

having a similarly non-polar surface to PE [27, 28] would show a similar trend to that



observed for PFO-coated LDPE but, as shown in Table 2, uncoated PP has an even lower
surface energy (25.7 mN m™) than LDPE (32.4 mN m™). This suggests that the coating on
LDPE has a different character possibly due to increased surface roughness.

The water contact angles of the lower molecular weight polymer films (PFOs 1b-e) with
water were also investigated, to determine whether the molecular weight of the polymer
affected the surface-properties of the coating. These studies showed that the surface-
hydrophobicity of the polymer was essentially unaffected by changes in molecular weight,
with only minor variations (ca. 1°) in the contact angles measured (Table 3).

Table 3. Water contact angle measurements for PFOs 1a-e and their precursor polymers. Angles
shown are the average of six repeat measurements.

PEKK 2a 2b 2c 2d 2e
Contact angle (°) 98 94 95 95 96
PSE 5a 5b 5cC 5d Se
Contact angle (°) 106 105 103 104 105
PFO la 1b 1c 1d le
Contact angle (°) 88 88 88 89 88

2.3 Inkjet printing studies

The PFOs were printed using a DOD printhead purely as a screening study, before
investigating their suitability as CIJ binders. The use of DOD as a screening technique
permitted the use of a much smaller ink volume (3 mL) compared to that required for CIJ
testing (100 mL). Before PFO 1a could be deposited via the drop-on-demand (DOD) inkjet
process it was important to determine the viscosity of the formulation to ensure that it fell
within a suitable range (2-12 cP) for the Dimatix™ printhead employed in this study. The
viscosities at various loadings (100, 75 and 50 mg mL™) of PFO 1a in MEK were thus
recorded at both room temperature (25 °C) and jetting temperature (42 °C) (Figure 5a). The
most concentrated solution proved to be too viscous (17.5 cP) for inkjet deposition whereas
lower loadings of la gave viscosities within the required range. The viscosities of the

different PFOs la-e at a fixed concentration (100 mg mL™ in MEK) were also assessed at

10



two different temperatures, and a clear correlation of solution viscosity with molecular

weight was evident (Figure 5b).
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Figure 5. a) Viscosities of poly(fluorocarbinol) 1a in MEK at concentrations of 100, 75 and 50 mg
mL* at 25 °C and 42 °C (a typical continuous-inkjet jetting temperature); b) viscosities of PFOs la-e
showing the increase in viscosity as the molecular weight of the PFO is increased.

A concentration of PFO 1a of 50 mg mL™* was selected as optimum for drop-on-demand
printing as its viscosity of 3.5 cP allowed a large enough margin for the addition of a
humectant without exceeding the optimum jetting viscosity. Drop-on-demand printing cannot
be achieved in pure MEK because this highly volatile solvent will evaporate at the nozzle,
leading to blockage. Generally, carrier solvents with boiling points above 100 °C are
preferred, and di(propylene glycol) dimethyl ether (b.p. 190 °C) was thus used as a humectant
with MEK (1:1 v/v): the printability of polymer la was tested using the Dimatix™ DOD
printhead [29]. Different cartridge temperatures and voltages were employed to find the
optimum print settings, but the polymer solution did not print at all below 40 V (maximum
voltage) and even at the maximum voltage only a small amount of material was deposited
before printing failed (see SD, Table S1). The very high MW PFO 1la was therefore not
suitable for inkjet deposition, despite its solubility and relatively low viscosity in solution. It
was concluded that the high molecular weight (Mn = 114,500 g mol™) of this material
prohibited successful jetting as a result of elastic stresses originating from elongational flow
in the nozzle [1,30,31]. Viscoelastic polymeric fluids under this deformation exhibit a
complex rheological response [32,33], and at high elongational flow the formation of an

elastic strand occurs and elastic stresses dominate, leading to a non-Newtonian increase in
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viscosity, nozzle blockage, and failure to print. However, the high polarity and excellent
solubility of the lower-MW PFOs 1b-e warranted their investigation as potential inkjet
materials, and studies were carried out using the Dimatix™ DOD printhead at a polymer
concentration of 100 mg mL™ in MEK:di(propylene glycol) dimethyl ether, (1:1 v/v). All
four PFOs were successfully deposited onto sheen card, with the optimum printing conditions
varying for the different molecular weight materials (SD, Table S2). The high molecular
weight PFO, 1e (Mn = 44,900 g mol™), printed successfully at a cartridge voltage of 40 V but
not at lower voltages. In contrast, PFOs 1b (M, = 11,500 g mol?) and 1c (M, =
19,100 g mol™?) gave optimum jetting at 30 V and, although 1d (M, = 25,200 g mol™) was

also printable at 30 V, a sharper image was produced at 35 V.

In the light of these initial screening studies, two of the five PFOs (1b and 1d) were selected
for scale up and deposition analysis in continuous inkjet (C1J) printing mode. The lowest
MW PFO 1b was selected as it was likely to pose the lowest risk of nozzle blockage
[1,30,31] and PFO 1d was chosen because, although its molecular weight is more than double
that of 1b, it had still printed well under DOD conditions.

The dynamic viscosities of PFOs 1b and 1d (formulated at 100 mg mL™ in MEK) were 0.7
and 1.7 cP, respectively, which are lower than optimum for continuous inkjet (CIJ) printing.
Polymer concentrations were therefore increased in the formulations of 1b (300 mg mL™)

and 1d (200 mg mL™), giving solution viscosities of 5.3 and 3.9 cP respectively (Figure 6).
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Figure 6. Dynamic viscosities of polymers 1b and 1d at different concentrations in MEK having
appropriate viscosity (3—6 cP) for CIJ inkjet deposition [200 mg mL* and 300 mg mL™* for polymers
1d (5.3 cP at 25 °C) and 1b (3.9 cP at 25 °C), respectively].

The addition of polymers to inkjet formulations can alter the Newtonian behaviour of the
carrier solvent, as the polymer chains disentangle, align and stretch upon ejection from the
nozzle (typically some 60 pm in diameter) at high shear rates. Thus, the rheological
behaviour of polymers, as they pass through the printhead, is an important factor that defines
the suitability of polymers for C1J printing as this technology involves the recirculation of ink
through the nozzle many times. The high shear rates, observed in CIJ printing, can be
simulated in shear rheology measurements which allow assessment of polymer chain
alignment in a high shear environment. High shear rheology on the formulations of 1b and
1d as they passed through a microchannel at various shear rates showed that PFO 1b behaved
as a Newtonian fluid under these test conditions, and 1d exhibited near-Newtonian behaviour
with only a minor amount of shear thickening — increase in viscosity of 0.13 cP — as the shear

rate was increased (Figure S44).

Promisingly, the near-Newtonian behaviour of polymers 1b and 1d indicated that these
materials should be suitable for deposition under the CIJ deposition regime as employed in

high-throughput industrial printing systems.
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Ink formulations for use in high-throughput CIJ printers must possess a charge to facilitate
sufficient deflection from the charge electrode onto the substrate and therefore in the
prototype PFO samples addition of a conductive dye was required. In this study the ionic,
metal-complex dye Orasol® orange 247 was found to provide good conductivity (772 and 804
uS cm? for 1b and 1d, respectively) at relatively low concentration (4 wt%) and aided

visualisation of the prints.

The break-up of the jetstream of formulations of 1b and 1d in MEK with Orasol® orange 247
was studied with the aid of a strobe light operating at 85 kHz. The images show good breakup
of the jet stream, with small tails on the droplets recombining with the main droplets further

down the stream, without the formation of satellite drops (Figure 7).

Figure 7. Droplet formation during CIJ printing of formulations of polymers 1b and 1d, obtained
using an 85 kHz stroboscopic light.

The formulations of PFOs 1b and 1d were both deposited successfully from a CIJ printhead
(set at 42 °C) onto a variety of substrates at ambient temperature including glass, nylon, PET,
stainless steel, LDPE and PP using a Domino Ax-series CIJ printer, and produced clear, well-

defined images without any apparent satellite drops or misplaced drops (Figure 8).
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Figure 8. Results of CI1J deposition of PFO samples 1b and 1d onto glass, nylon, PET, stainless steel,
LDPE and PP showing clear printed code in all cases. The high quality of the prints produced using
these polymers can be seen in the enlarged images given in the Supplementary Data (Figure S45).

The adhesion of the polymer/dye coating to the substrates was then evaluated using peel tests.
Adhesive tape (810 grade) was used and the amount of material removed from the substrate
was rated from 1-5, where 1 indicates the complete removal of the print (very poor adhesion)
and 5 indicates no removal of print (e.g. excellent adhesion). Both of the deposited PFO
samples exhibited very poor adhesion to PP, as this substrate possesses a very low surface
energy (25.7 mNm, see Table 2), and most likely results from poor wetting of the substrate
[27,28]. The PFO polymers exhibited moderately good adhesion to steel and, more
promisingly, excellent adhesion to glass, nylon and PET (Table 4). The durability of CIJ-
printed images on steel was also tested using a steam-retort. The prints remained in place

after an hour's exposure to steam, although some leaching of the dye was observed.
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Table 4. Adhesion of polymers 1b and 1d to different substrates, where 1 = very poor adhesion and
5 = excellent adhesion.

Substrate
Sample Glass PET Nylon Steel LDPE PP
1b 5) ) 5) 3 1 1
1d 4 5 5 3 1 1

The results obtained in this study indicate that polymers 1b and 1d are soluble, printable, and
demonstrate hydrophobic properties post-deposition. These materials show Newtonian or
near-Newtonian behaviour, and there seems little or no risk of their causing nozzle blockage
in a commercial CI1J printing system. Overall, the results clearly indicate that the materials
have potential as surface-hydrophobic polymer binders for inkjet formulations, which are yet
readily soluble in the high-polarity solvents preferred for inkjet printing. Regarding the safety
of these materials, no long-term toxicology studies have yet been undertaken, but their high
molecular weights suggest that migration through packaging films and/or cell membranes
would be extremely limited. In terms of sustainability, the quantities of polymers consumed
in inkjet printing are minute in comparison to those used in, for example, packaging or
construction, so that use of the present polymers in this context would have only a negligible

effect on natural resources.

3. Conclusions

A series of five aromatic poly(ether-ketone)s (PEKKs 2a-e) with a range of different
molecular weights have been synthesised by varying the stoichiometric ratio of monomers
used in the AA/BB-type step-growth polymerisation. The PEKKs were converted
successfully to readily-soluble poly(fluorocarbinol)s (PFOs la—) (Mn = 11,500-114,500 g
mol™) via their poly(silyl ether) derivatives (PSEs 5a—e). The surface characteristics of cast
PFO films, investigated using contact angle measurements, revealed a consistent surface-
hydrophobicity (water contact angle 88-89°) that was independent of the molecular weight of

the poly(fluorocarbinol).

Inkjet printing studies of the PFOs using a DOD printhead showed that the highest molecular
weight polymer, 1a, (M, = 114,500 g mol™) was not printable, as a result of elastic stress
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from the elongational flow which is often observed in high molecular weight polymer
formulations. The lower-MW PFOs (1b-e) were deposited successfully, but PFO 1le (M, =
44,900 g mol™?) required maximum voltage of the piezoelectric printhead during deposition,
indicating the highest risk of print failure in this series.

Polymers 1b (M, = 11,500) and 1d (M, = 25,200) were investigated further for their potential
in continuous-inkjet (C1J) formulations, and pre-CIJ deposition screening suggested that both
materials would be suitable for CIJ printing. Polymer 1b acted as a Newtonian fluid under
high-shear jetting conditions and 1d exhibited only a small degree of shear-thickening (near-
Newtonian fluid), indicating minimal risk of viscosity modification during printing. Polymers
la and 1d were both deposited using a Domino Ax-series C1J printer and demonstrated good
drop break-up, further indicating their suitability as inkjet materials. Both polymers were
deposited successfully onto a variety of substrates, including PET, Nylon 6,6 and glass, to
which the polymers demonstrated good adhesion, confirming their potential as polymeric

binders.

The poly(fluorocarbinols)s 1b and 1d are thus suitable polymer additives for inkjet
formulations, with both materials showing good solubility, jettability, adhesion and
hydrophobic surface-properties. It was concluded that polymer 1b demonstrates the more
favourable characteristics for use in an inkjet formulation, since it behaves as a Newtonian

fluid in the printhead.

4. Experimental

For full experimental details see the Supplementary Data.
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