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Recent Advances in Inkjet Ink Technologies

By Alan L Hudd & James E Fox
Xennia Technology Ltd, UK.

Summary envelopes that arrive through the letter box and evexda
cocke found on eggswhich greet us at the breakfast table at
For those who have been involved in inkjet since those earlyth® startof eachday. .
The explosion in applications has occurred during the

pioneering and frank| “unreliable” dgs, much has been | . h ¢
achievel ard inkjet has becane a robust technolygand a 12 Six or sevenyears and the presence of yoér and
colour chenistry has becme increasingl more important.

provencommercid successMuch of this success is due to . .
In the case 6 colour the usefadye or pignent is nev one of

advancs in ink technolog and yet the most exciting i - :
prospet s, probaby the bes is yet to cone. Therewill be  the mostwidely debate topics in the indusyrandwe have
now seen the introduction of process calinkjet printing.

continued innovation and it is predicted they ldriver for ) A
for most amerging applications polymer

success which will open up many new opportunities, is ink. Similary, .
The difficulty in the design of injet inks, essentially chamistry has becane a central feature of ink developnt

arisesfrom the importance 6 developing an ink inymergy ~ andmore andmore effort, is likey to be devotedo tailoring
with a particula printhead It is necessar to cambine POlymers for inkjet in the near futurds tre applicationset
chemistry ard physics to produe a fluid that behaves in a Ncréases, it is inevitable kndesigq will becane more
very preciseway, reproduciby andwhere the principle of complex andmore denanding. In additionthe conventional

operatia relies on the perfamance of the ink to run under thinking of ~appjing a particular known printhead
extreme conditions as the norm. technoloy traditionaly used in amarket for another

; ; ; i : lication in a similar market, is nav changing and the
Very simple in concept, higlyl complex in practice! ~ @PP! _ : =L, 1S ging and
There is no eay lessa in ink design and this papevill ~ choice of printhead is mobeing driven b the application
concentrate on the following; requirament. This in turn, means te inkjet chemist must

Physical chemical and stabiliy properties of ink design NOW be able to design an ink for usedifferert printheads
for continuousmulti deflection andbinay inkjet, industrial ~ {OF @wide range of applicationghe resultant outeoe is an

piezo drop on deand and fiice piezo ad themal inkjet ~ €XCiting prospect for the inkjet chemist.

printheads. .
Key aspects of ink chmistry to illustrae the range of Ink Design
performances now achievabé for a variey of commercial
inkjet printing applications. There is a range ofcommercially importart inkjet

Ink technologieswill be identified and themost techniquesnamely, continuows multi deflection and binary
important recent patentsvil be exanined to predict continuous inkjet (CI1J), drop on mhand (DOD) piezo,

important trends in the future. themal (T1J) and valvget. In considerig ink design it is
important to ephasise whilst there ae same general
Introduction common chemistry and plysics rules that applacross all

techniques, ink design for each printtieachnige is very
different. No one techniqueyith the exception of giple
valve operatedystams, presentsore or les difficulty than
the other to produce a good reliable design.

In Table 1, an atrept is made to describe the key
aspect of ink design for the various ipkt techniques.
Aspecs of valvejd ink designis included inTable 1 for
completeness buwill generall be excluded fnm discussion
becausewithin the set ofprinting applicationsard apart
from using it as a special fluid delivgr systam, it is
relatively un interesting from an ink development viewpoint.

Overall, themost conmon featue acros all important
inkjet techniques, is the needdesig an ink with complete

eand total reliabily. Describing reliabilly of ink desig is
difficult in terms of the usual pysical properties such as
viscosiy and surface tensionThere aremary intrinsic
physical and cheiical propertie contributingto ink design

Commercially inkjet printing is a relativgl young industy,
less thanwenty years old although as a science it déigck
to over one hurred and fifyy years to lord Rayleigh. The
growth of inkjet printing has beetruly remarkableand so
far, it probab} only represents the staof one of the most
important changes in the printing indystre are likely to
witness; an indusgr which ha seen little significant
technological advance formabst tvo hundredyears.It isthe
newest of all printing processes and its diversdnd
versatility will ensure gravth will continue ata fag pace,
creating a revolutionary change over the next decade.
Today, the presence of inkjet in our dgilives is clear
for all to see From “Best Before” dates on packages in th
Supemarket, through to doeoent printing h the home and
office, receipt of personalisethail and postal codeon
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and during an ink develoment all of thes propertiesneed
to be exanined and re-exained. In the finhanalsis there
are o essential propertiesvhich canpletely describe
reliability and these are; consistenof flow through the
nozzle and the exit contact aegbf the ink leaving the
nozzle. Consistencof flow, is not ony the homogeneiy of
the fluid, it is more importantly, achieving stable rheological
behaviour Any perturbation 6 the flow within the nozzle
regionis amplified in an erratic instabilit of thejet during
flight. Similarly, controlling the meniscus and therefore the
exit contact angle largglinfluencesjet directionaliy and
consistency of jet break up.

If these o paranetess are comprehensivel controlled
then reliability is assured. Conversel if these wo
paraneters are notvell understood then reliabijitcan not
be guaranteedvithout sujecting an ink tanary months or
years of laboratory scrutiny.

Table 1. Key Aspects of Ink Design.
Ink Property | CIJ CIJ Multi DOD | bOD | DOD
Binary | Deflection Piezo | TIJ Valvejet

Complexity High High High Med Low
Flexibility Med High High Low Med
Functionality Med High High Low Med
Purity High Med Med High Low
Reliability High High High High Med

Differencesin design can be highlighted in considering
the different rheological behaviours inwb contrasting
printheadsIn the case of continuous inkjet printing, an ink
is suliected to vey high shear ratesypically 1x1( s'1, but
during flow through the nozzle, the fbw is in dynamic
equilibrium. In contrast, for & open nozzk piezo drop on
demand system, although the shear rate risuch lower, the
ink is not in rheological equilibrim, as it is accelerated
from rest to full speed in a short periodtohe. Controlling
drople formation and in particular, the break up and the
correspondig tail or ligament is highy dependent on the
rheolog of the ink as it flvs through theventuri. Simple
information of the viscosjt of the fluid, measuredusing
conventional laboratgr viscaneters, do notyield much
usefd information on the mechanis of jet formationwhich
is also different in both cases.

Examplesof typical drop on denand and continuous jet
formation and break up characteristics arewshn Figures
la and 1b respectivelImages 6 jet breakup ard nozzle
exit of ajet were ‘frozen in flight' using a LB strobe
synchronised to the droplet generator and captdigitially
directly through a computer.

The properties of an inkwhich contribué to thes two
fundamnental pareeters are presented ifable 2. The
properties inTable 2 highlight the plsical paraneters
contributing to bulk features of jet and thosavhich often
throudh small chemical undefinable changes can influence
the reliability of the jet. The design of the nozzle, included
in Table 2, is critical of all inkjet design.
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Fig. 1a) DOD Droplet and Ligament

———

ig. 1b) CI1J Modulation an ozzle Exit

T
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Table 2. Physical & chemical properties of ink design.

Fundamental Bulk Properties | Secondary Properties
Properties (Jet Formation) | (Reliability)
Consistency of Viscosity Compatibility

flow
Exit contact angle

Surface Tension | Nozzle design

Filtration Chemical ageing

Particle size Polymer / dye interaction

Chemical structure

Viscoelasticity

Molecular weight

Interfacial energy

Other aspectsfoink design listed inTable 1 further
enhane the differences bewween printheads. In the case of
themal inkjet, the design is relativel straightfoward but
very exactirg and not flexible. Due to the lw impulse
enery it is also vey difficult to build in additional features
or application functionality into the ink and the use of
polymers is vey restrictive. Siilarly, the denand on the
chamistry is high and generallonly bespok materiak of
high quality can be used to achieve high reliability.

Drop on demand piezo driven gstems can also have
complex ink designs and genesallthis complexity is
increasiy as the recognition thatmuch more capable inks
became available In turn thismeans apart fim the office
piezo ystams, more applications ar realisabé as more
functionality is impartedinto the inks. At the sae time the
restrictions on the choice aofaterials available is leghan
thermal inkjet but still high.

In the case of continuous i@t both multi deflection
andbinaly ink desig is often highy complex and in general
binaty inkjet is less forgiving of an ink and requir@such
higher puriy of materials to ensure reliabiitand avoid
cross talk between jets.

Ink Performance

Reliability of an ink is the biggest challenge an ink
developer facesThose that incorporate reliabyliinto the
innovative patt of designwill achieve much and many
significart advancs will be made in developing injkt ink
technologiesTo illustrate hav this can be used to achieve
successconside avery important exenple of incorporating
pigments into a continuous ijét ink. There is debatemuch
based on heargaather than scientific evaluation, albdle
reliable use of pigments in inkjet inks.

Consider, sme simple water base inkjet inks basel on
theformulations described ifable 3. Herea comparisonof
two pigments and ayk ismade.The plysical propertieof
each ink are described in Table 4.
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Table 3. Continuous Inket Formulations

Ingredient Supplier Form.1 Form.2 Form.3

Polyvinyl ISP 11.0% 11.0% 8.0%

pyrrolidinone

PVP K15

Pigment 1 Cabot 8.0%

CAB-O-JET

Pigment 2 Hoechst 7.2%

(Hostafine TS)

Dye Bayer 7.2%

(Levacell SP)

Deionised water| Fisons 79.6% 80.4% 83.4%

Diethylene BDH 1.0% 1.0% 1.0%

glycol

Acetylenic diol | Air 0.2% 0.2% 0.2%

Surfynol 104E | Products

Acetylenic diol | Air 0.2% 0.2% 0.2%

Surfynol 104E | Products

Table 4. Physical Properties

Property units ClJ Form.1 | Form.2 | Form.3
spec.

Viscosity cP 4-5 | 4.48 4.36 4.40

Conductivity | mS/cm > 500 | 2210 1970 853

Filtration sec <35 |25 26 31

time

pH <11 | 6.19 5.82 8.91

Surface dynes/cm 35.0 31.8

Tension

Note The filtration time is an internamethod ¢ assessig the
ability of an irk to filter through aonemicron filter and a value of
lessthan 30 seconds is considered suitdblecontinuous ikjet
printing.

Examining Table 4, suggests all thrégrmulations may
be suitable for continuous inkjet printing. Evaluatieach
ink in a printer and studng the jet break up behaviour,
which is presented in Figures 2a, 2b and 2c, revealed that
Fomulation 1 provided an ideal tjoreak up image and
subsequenyl to proved to be extmeely reliable in an
extended printer run. Whereas foitation 2, basg on an
alternative conmercially available pignernt showved erratic
behaviom and subsequemtl proved to be unreliable.
Similarly the d/e based fanulation, Fomulation 3, shaed
yet a diferent jet bénaviour which proved, upon subseaient
printer testirg to shaw a build up of ink on the charge plates,
probaby due to the satellite behaviour shoin the jet
break upiinage. It is inportant to note the behaviours of the
systans which shaved vaying degrees of fail@ can be
compensated ¥ further develoment bu this relatively
simple expennent illustrates thaa robug desigh can be
characterisg quickly. It is therefore,more mportant to
select rav materials carefull, choosing anaterial based on
suitability for the application ratlighansimply acceptingor
dismissing a class of materials based on a past experience.
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Fig. 2a) Foiaon 1 Fig. 2b) Formulation 2
-
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Fig. 2¢) Formulation 3

In other words there are exceptionallgoad pigments
suitabk for inkjet canparedwith the best ges and equally
ther are poa dyesto match the poor péorming pigments
found in some formulations.

Suitability of pigments for inket is reinforced by
considering the perfarance of Famulation 1 after the ink

Copyright 1999, IS&T

1 month at 60C.This is a tough storage conditicand
usualy reveals problms with a designif ther are any
shortcanings The jet break upmage of the aged ink is
presented in Figure 3 and st®even afte1l monthat 60C,
the formulation is stable and highl reliable and thisvas
demonstratedthrough successfyll running the ink in a
printer for an extended period.

Jet break up characterisatiandapowerful technigwe in
understanding ink design amhensupporte by traditional
physical propery data it can be usedith a high degree of
confidence to predict the reliabylitof an ink and also to
diagnose the causenode of failure ad understad the
corrective chemistry necessary to develop a robust product.

Ink Technologies

Advancs in inkjet ink technolog over recentyears have
been significant. I{you smply examine the paten literature,
thereis evely evidence to suggest that over the next few
years new ink developnent activiy will be even more
prolific. There is an apparent trend to patent ink
technologis and the respective ink fawlations, as there
becanes a clear need to be innovativith the chenistry to
produce practical solutions for many emerging applications.
Here afew key exanples fran the Patent literature are
presented, to reveal me of the mog notabke ink
technologiesand developents, aswell as highlighting the
diversity and innovation that is currently underway.
Continuing the ge versus piment debate,a Seiko
Epsan Corporatio, reveals a patd EP 074565A1 which
attempts to create high qualitwater fast wate basedinks
through dispersingvater insoluble ges in awaterbasednk
to yield stable 25nm particles 6 narrow size distribution
without the need for dispersants oilling. In contrast,
Canon(USP5,618,338 attampt to solve this verimportant
problem by using a wo componen system, where by a
liquid composition containing a cationic substance and a
finely ground cellulos is printed just before the ink,
containingan anionic dye or pignent. The wo canponents
interad to produe a water fast ink. Snilarly, Scitex Digital
Printing apply a similar principle for canmercial binary
systeams. A quasi unifom surface coating is produced as
individud droplets renain discrete on the surfasgithout
coalescing It is interesting to note that this approach has
been applied to a non printing application to predwell
controlled doses for phaaceutical patches. Indeed, it is
possibé to go one step further and use this technique to
produce vey precisey controlled particlesmay bea binary
continuousinkjet printer can be used to produce pignt
particles for inkjet ink formulations. Overall, there iswuch
activity in this area of ink technolggand there is great
interest across many printhead techniques and markets.
Taking the problm of water further, Videojet(USP
5,596027 hasdemonstrated an innovative approach to solve
a notoriousy difficult application, to use a continuoudulti
deflection inket printer to print through a condensateto
returnabé glass bottle which rapidy becaones water
resistantyet is waterwashablewhen the bottle is recled.

has beensubjectel to an accelerated ageing trial, stored for 1S has been achieved through dgplication of polymer
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sciene and utilising poymers of contrasting acidic and scientific practice and a careful pragtic approach By

basic properties to achieve a very high performance.
In contrast Canon (EP 07454781) attenpt to pit a
new lease of life into thenal inkjet andwiden its flexibility

careful understanding the propertiesjef fomation, it is
possible to design inkswith confidene for reliable
operation. Increasingl innovative chmistry will beapplied

and application bas for industrial applications. A valve is to inkjet to providemary solutions in the future and il

employed to direcimoreforward eneryg into anink droplet.
This is perhapsthe most mportant limitation in the design
and applicabiliy of themal inkjet The techniqe creates
dropswith larger thrav distance and all@s high viscosity
inks to be usedt kan alsouse two incompatible liquids, one
optimised for the surface properties required areldther
designed purely to create drop ejection properties.
Enviromrmental trendswithin the commercid inkjet
industy is important and this isvitnessed $ a series of
stratgic patets (eg USP 531657p from Videojet who
attempt to creak astrong position in the develognt of low

volatile contert (VOC) waterbased inks across continuous

ard drop on demand printing technologies. It is an exgle
of much activiy and illustrates aide range ofvate soluble
polymers.

UV curable inkjet develapent is receivingmuch
attention especialy by those plgers looking to exploitvide
format durable inkjet applicationsAn exanple of the
developnent d UV curable inkjet inks is presemtan a
patet by the Scitex Corporatiam (USP 5,623,001). Wb use
water based UV curable technojo¢p print onto porous
materials and overcome strike through.

Hot melt ink technolog has received little attention by

the inkjet chenist and consequentithe current perfonance
of hot melts nks isvery poor. It is @visaged tat many of
the limitations of hotmelt inks can bevercane with some
innovative chemistry and perfomances snilar to liquid
inkjet inks are likely to be available within a few years.
Finally, wha may be one of themost important ink and
printhead develapentswhich is likely to witness significant
advance in the nextveyears is the use afdustrid piezo
driven open nozzle drop on mand printhead$o a wide
anddiverse applications especialf an abiliy to print onto a
wide range of surfaces, including non porousdilvith very
fag drying times Coupledwith an abiliy to print overwide
aread with high resolution, positions this for of inkjet
printing as one of the strongest contenders fauch of the
new applications.An exanple from the paten literature is
Markpoint (PCT WO 94/03546yvhich describeshe use of
fast drying inks without blocking open nozzles. The

approab has been, to blend volatile and non volatile
solvens and dissole the solid ink ingredients into the
volatile solvent. As the volatile solvent evaporates at the

nozzle, a non volatile fih forms with the solid ingredients
migrating back dan the channel into ghvolatile portion.
This is an exaple of much activiy in this area and Trident
has recenyl launched a fast ging ink with an ability to
print onto a range fonon porous and porous faces and
maintain high operational reliability in the printhead.

Conclusions

Ink developnent is not a i and miss proces and
innovation can be achieved thrdug mixture of good
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be achieved Y carefuly selecting n& materials This can
be done as illustrated in the case ohmgtswith significant
results.

Fig. 3 Aged Formulation 1
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