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Abstract rational choice of pigients shoulceithe maximise chrama
or maximise lightfastnessThis pape attempts to outline the

Advantages of the oil-based pigntay inks in tte Xaar  Options available in suchystems, andsuggest optimum
printhead?, when conparedwith conventionalwater-based Ways of increasing the mober of colous in the IJ printing
ink jet inks, include high lightfastness, absence of cockle ofystem as a further route to enhancing the available colour
pape substrateandarapid dy time which facilitates higher ~gamut.

printing speeds. This paper will first describe the Piezo ink jet printheads also peit the firing of inks
mechanisns for achieving the required colloidal stabjliof ~ that do not have a volatitomponent afeatute of particular
the finel divided pignent particles. The colou gamut bendit for the printing of 100% solids UV cure inks. Inks
accessil® usinga trichromatic ink ystem is to sane extent  Of this pe, suitable for firing ira Xaar type IJ printhead
dependent upon the lightastness required. The have_n:w reached the amonstrationstage ard shav much
compromises involved will be discussed,and reference Promise.

made to the availabiljtof certan high chroma pigments that

are ony suitable for use in non-aqueous inkstems. The Stabilisation of Pigment Dispersions in
Enhancenent of the colour gaut, particulary in the Oil-based 1J Inks

seconday colour regions, Yy application of a giink sa will

then be discussed. Finglithe capabily of the Xaar  Becaus of the relativey low dielectric constant of all the
printhead tget UV cure inks, and #hbeneft of suinksin  common organic solvents, ¢h electrostati stabilisation
terms of durability on non-porous substrates such as\fil mechanisn (as commonly used in aqueous colloidal

metal and glass will be disclosed. dispersions) is not effective. Insteae mus rely uponthe
_ so called “steric stabilisationtmechanisn. This type of
Introduction stabilisation is generated via the absorption of yeerlaf

surfactant, resin or pginer on to tle surfa@ of the pigment
The use of oil-based inks in the Xawez printheal brings  particle. When wo particles approach each otherd dine

a variety of benefits including: layers of adsorbednaterial start to overlap, thesffectively
repel each other.This is illustrated ver simplistically in
« Rapid drying time permitting high printing speeds Figure 1.
» Absence of cockle on paper substrates Steric Stabilisaticn Chaine
« High lightfastness through correct pigment selection ’/ f ‘\
*, -\.N""NN ! /
Successfuimanufacture of these inks requires ayvaigh \WW-«W %M ,f
level of dispersion stabilif andthe mechanisn requiredto ] Mt
give colloidal stabilig in the non-polar dimedia (which is erae %&, Paniae
actually similar to that usedni lithographt printing) is very . ;\
different from that reaiired in aqueaus pigmentary ink jet / M Nwmm“"’ N
systems. w\f“w

The use b coloured (as opposed tback pigmentary
inks in agueaus or oitbased dromn-demand ink jet is a Figure 1. The Basic Steric Stabilisation Mechanism
relativey new developnent. The significant differences . o
seen in colour space valueg fryan yellow and magenta Steric stabilisation can onloccur when the polymer
inks from different suppliers iow that pigment dispersion ~ chains are versoluble in the continuous phase (i.e. the oil
systems, ard even pignent selection, have nget reached in an oil-based ink). In ppiner solutio theoy tems,
the developnent stag achieved i dye-based ink gstems,  “better than Theta Solvent Conditions” are required.
and that further mprovements should & anticipated A

Recent Progressin Ink Jet Technologies|l 430 Chapter 6, Ink and Media



Recent Progressin Ink Jet Technologies||

Polymeric Hyperdispersants
A polymeric hyperdispersant containaa key structural
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Same organicpigments are not vey responsive to either
of the abovemechanisis, and are nonally considered to be

featuresnamely a polymeric chain giving steric stabilisation relatively difficult to disperse.The chenical structue of the
in the desirel continuous phase, and an anchor group organic pignent itself may then bemodified to at as an

capable b being strongl adsorbed onot the pigment
particle surface.The poymeric chainmust bematchal in
solubility tems with the continuous phase, amdug be
sufficiently long to create a steric barriérick enoudy to
overcame particle-particé interaction forces. The anchor
group (vhich may be afunctional group, or a flerent
polymer block) must be matchedwith the surfa@ of the
pigment particle.

Whena pigment has relative} reactive or ionic surface,
as is the casewith inorganic pignents or organic pigents
that are chmiically in a salt fom, it is possibé to form an

intermedialy anchor group, orysergist. Because of the
close structural siilarity, the gnergistmolecule canpack
very closel/ on to the pigent particle surface, and
maximise the Van der Waals attractive forcesngsn t and
the pigmert particle In thismechanis, which is illustrated
in Figure 4, theynergist is nomally a charged derivatévof
the pignent. Through its adsorption on tthe pigment
particle surface, theymergist generates charged sitaad
thes chargel sites then anchor a pwheric hyperdispersant
via the same basic mechanism that was shown in Figure 2.

ion-par bondbetween a charged site on the particle surface

and an oppositey charged functional group on the
hyperdispersant.This mechanis is illustratedin Figure 2,
the ion-pair bonding being particulgrl strong in this
situation because of the wodielectrc constantof the
continuous phase.

+ +
G§+++++

Typical functional groups:
+
-NR 2 -NR 3 -COCH
- 2-
-S% H '503 -PO 4

Figure 2. Anchoring via a Simple lon-pair Bond.

Nelolol

Most organic pigients do not have chargesites on
their suface, but thg may containhydrogenbord dona or
accepto grougs such as esters, ketones, ethersnaides. It
is then possible to far multiple relatively weg hydrogen
bonds beteen the pigient particle surface and suitably
chose polymer block. This arrangment is illustrated in
Figure 3. It should be noted thahe polymeric
hyperdispersant is a “comb type” block copolymer.

H :W/\/\/W\/\/\/\/
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Typlcal anchar graups:

Paolyvamines, Polygis, Paolysethers

Figure 3. Anchoring via a Hydrogen Bonding Mechanism
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Typical synergists:

Madified copper phthalocyanine, by
addition of polymeric chains, ionic,
or substituted ionic groups

Figure 4. Anchoring via a Synergist

Pigment Options in Oil-based 1J Inks

The coloural pigments used so far in DOD aqueous ink jet
have to the best of the author's kwtedge, all been
covalenty-bonded organiamolecules (e.g quinacridones,
monoazos). The ony exception is coppephthaloyanine,
and in this particularmolecule the copper ato is so
strongly complexed that it can survive even stroggécidic
conditions. There is, hwever, a furthe broad clas of
organic pigments - LakePigments -which are ommonly
usedin the conventional printing indugtr and have been
known for mary years. These arenanufactured ¥ taking a
conventionhbright water-soluble estuff, and precipitating
it out of aqueous solutiomvith an appropriatanultivalent
counterion. In the case of sulphonated diregteduffs, a
divalert or trivalent metal is used - calcio is the most
common becaus of the high insolubiliyy of its salts, and
because of its benign toxicological profil@he structue in

Figure 5 is that of a typical such pigment, Pigment Red 52:1.
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— ] values are owlslightly lower than those achievedwith dye-
based inks of much inferior lightfastness.

3
© o Figure7. Cdour Space Chart for High
c N=N O Lightfast Ink Set
O
3

Figure 5. Pigment Red 52:1. A typical Calcium Lake pigment.

Basic or cationic yestuffs (e.g. Rhodaineg are -80
commonly laked with complex inorganic acids such as
phosphotungstoolybdic acid PTMA) or silicomolybdic
acid (SMA). The structure In Figure 6 is that aftypical
such pigment, Pigment Violet 1.

— —
Table 1 lists theypes of pignents thatmay be usedto
H,C, CH, generate a high lightfast Xaar 1J ink set.
N o N2 0,P,0, XWO, yMoO,
H C/ ~ CH . . . . .
ot ‘ / Table 1. Pigment options for a trichromatic, high
x= 1223 lightfast, 1J ink set.
COOH
O y=1-12
COLOUR | PIGMENT TYPE
Cyan Copper Phthalocyanine
— s Yellow Monoazo or Isoindoline
Figure 6. Pigment Violet 1. A typical Rhodamine based PTMAMagenta | Quinacridone or
Lake Pigment. Dimethylquinacridone
The laking proces does in fact, tend to rprove the If, however, chrona is at a prmium - the application

lightfastnes over that of the original basicye, without  may be an indoor dispia or shortduration, high impact
destrging its intrinsicaly high chrana. The procesforthe  outdoor signage then the alternatévtrichromatic ink set
manufacture of these pitents is rathedifficult to control,  shown in Table 2 could be envisaged. Figure 8ais
and frequenyl results in a slight exceof one of the two  example of the colour space available from one such ink set.
main components Thus aqueous inks based on these

pigment are often rather unstableith the basic coponent  Table 2. Pigment options for a trichromatic, high
interactirg with the acwylic resins and precipitating out. chroma, 1J ink set.

Same “aqueousompatible’ grades are believed to be under

developnent, but it is by no means clear that tlewill be COLOUR | PIGMENT TYPE

suitable for the extreely rigorous requinmens of IJ [‘cyan Copper Phthalocyanine
printing inks. These probles do ne presetthemselvesin - [ealiow Disazo, Monoazo or Isoindoline
oil-based inks, and lake pignts are therefore ideal for the Magenta | Calcium Lake or PTMA Lake
manufactureof bright pignentay inks with chrama and
lightfastness very similar to conventional dye-based inks.

Potential options for Ink sets using the Xaar
Printhead

Thedemand br a vey highlightfast I1J itk system has meant
that the initial Xaar inkstems are based aatrichromat of
very highlightfast pignents, giving virtualy autamotive
paint lightfastnessThe colour space chart in Figure 7 is that
from such a set of pigents. Itwill be sea that Chrama
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Figure 8. Cdour Space Chart for High
Chroma Ink &t
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Increasing the maber of inks in tle 1J printing system
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Figure 4. Pigment Options for a 5 colout high chroma,
1J ink set.

COLOUR | PIGMENT TYPE

Cyan Copper Phthalocyanine

Green Halogenated Copper
Phthalocyanine

Yellow Disazo, Monoazo or Isoindoline

Red Calcium Lake

Magenta/ | Calcium Lake or PTMA Lake

Violet

In this set, the broad range of Lake ménts available
allows onre to selec¢ a bright pignent at the ver violet end
of the magenta range, thus enhancing othat in the
violet/blue shade areaithout significant loss of chroa in

is then a further route to enhancing the available colouthe magenta/red shade area.

gamut. (It should be noted tharaditiond textile printing
has always used a large maber of inks tomaximise colour
gamut.) |J printermanufacturers appear to lopting for a
six ink gystem (5 colours plusblack), perhap becaus this
can be donebsimply doublingthe number of colour heads
on the printer. Having optefor an increased miber of
inks, it is mportant that a rational choice of pignts should
be made, maximising either lightfastness or chma.

The 1J Printing of UV cure inks

A potential benefit of an piezo 1J printhead, versua
themal 1J printhead, is the possibilitof firing inks that do
not hawe avolatile canponent. This feature is of particular
bendit for the printing of 100% solids UV cure inksThe
use & UV cure inks panits the printing 6 very durable

Clearly, mary of the options are still speculative, and precisqmages on to non-absorbent substrages it is therefore

colour space valuesill be dependent upothe effectiveness
of the colloidal stabilisatiormechanims that can beised.
Table 3 lists the author’s viev of sane of the pignent ypes
that should be considered for a high lightfastolour, 1J
ink set.

Figure 3. Pignent options fora 5 colour, high lightfast,
1J ink set.

COLOUR | PIGMENT TYPE

Cyan Copper Phthalocyanine

Green Halogenated Copper
Phthalocyanine

Yellow Monoazo or Isoindoline

Red Condensed Disazo or Naphthanilifle

Magenta | Quinacridone or
Dimethylquinacridone

The remaining deficieng in sucha sd is that of chrama
in the violet/blue shade area, andg/ aolution will probably
require the addition of a further printhead.

For a high chroma, 5 colour 13 ink set, the pignt
options for oil-based inks uginXaar printheadtechnology
are much greater, because of the rargelake pigments
available Table 4 again lists the author’s wiesame of the
pigment types that should be considered.
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clearly beneficid in such gstems to use the UV cure resins
in association with high lightfast pigments.

The 100% solids UV cure inks suitabléor piezo 1J
printing must have significangl lower viscosities than
conventional UV cure inksA high leve of reactivediluent
is needed to give the desired viscgsifThis requires
appropriate selection of pregater and multifunctional
diluents to ensure that the final inknfilhas the desired
adhesiorand durability. The big difference in ink polarity
versusan oil-based piezo 1J ink alspeans that a radically
different steric stabilisation pgher chainmug be usedin
the pignent dispersion ystan. Finally, the problems of
curing in the presence of coloutafparticularyy carbon
black, with its absorption ofradiatim over a broad
wavelength spectrum) further increase the difficulties.

We havenow developed a seried protolype UV cure
1J inks suitable for use in a Xaar printhea@ihese inks of
been successfyll printed on to a range o$ubstrates
including Polyester, HIPE, PP, PVC, ABS, tracing paper
and glass. Figure 9 is an enlatgenage of a print, and
shaws the definition that can be obtathwith a 360 d.p.i.
Xaar printhead when printing one of these prototype inks.
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0 UT SIDE Rapid curing speeds have been obtained shiahon-

BO RD E R 289x 577 line UV cure is vey viable Trichromatic plus blad colour
printing has also been d®nstrated giving high definition

prints with curing being rapid enough to preveany

Ew significant colourto-colour bleed, even omon-absorbent

substrates such as HDPE.
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3.5 x enlargement of original print

Figure 9. Test Print of Prototype UV cure ink at 360 d.p.i.
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