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Abstract of the stability of the cristalline structwavhich prevent
oxidation in the volume of the particles as wal by
stabilizing the dye structures inetlerystal Of course the
emistry of each single dye is a main factor of stability.
agenh dyes and pigments are the most sensitive to
irradiation by UV and visible light and therefore the main

Generally, the interactions of ink and coatingsink jet
printing are complex as many parameters are present. T
most bast objectives with water based inks is to render
printoutswaterfastard aslightfast as possible. These are the e s
key functions for color graphics outdoor applicationgsit Problem in lightfast printing systems. .
well known that cationic mordants are used to fix anionic___1he objectiwe of this study was to determine some of
dyes in ink jet inks. With the pigmented inks whiwere these parameters, particularly concerning thteraction
introduced very recently the fixatio mechanisn is DE€we® inks, coatings and lamination. Therefore, two
different Furthermore, lightfastness of dye based inks idifferent model coatings were chosen whican be
strongly depending on coating composition. regaydet_j as extremes concerning funcyl_onantye first

In this report the mairmechanismsof ink-coating ~Cc02ting is a highly porous coating basedsica, where the
interactions will be discussed briefliRecen resuls with ~ INK Penetrates very fast intohnner void volume of the
commercially available inks and selected model coating ~ COating layer by a viscous flow mechanism. The silica
presented with respect to the light stabilitydye basedas ~ Particles are fixed by binders tende the coatirg itself
well aspigment based ink jet inks. Influences of UV-light, Waterfast. The second coating is basedaamate soluble

humidity, Ozone, lamination and coating composition hav@0lyme which takes up ink by diffusional processes via
been investigated. swelling. Both coatings were applied to a self adhesive

vinyl base.

All materiab used were commercially available. This
should ensure that the results of this study are as near as
possible to practical use.

Introduction

The low stability of ink jet prints has long been the obstacle

to outdoor applications. Nevertheless, outdoor applications .

represent a large marketrfavide forma smal edition Experimental

prints. They can be produced economicdlly ink jet

printing based on water based ink jdtiey bubbk jet or  Media:

piezo print heads. With the developmeatd market Two different coatings were applied acself adhesive

introduction of improved dye based inksd recenty the  white vinyl film with monomeric plasticizer. Coating A is a

pigmentel ink jet inks a new aera of printing has begun. highly porous, matte coating based on precipitatdida

But, without matchel coated print media as well as with a BET surface of 300-400 m2/g, cationic mordant

lamination films the new inks will not be successful. (Poly-diallyldimethylammonium-chloride) dn organic
While waterfastness with dye based inks is realizedpoly-meric binders. The pH of the coating was adjusted to

already by adding cationic mordants in porausitings 7,5 Coatirg B is a swellable, glossy coating based on

which render the anionic dyes insoluble dygation-anion-  polyvinyl alcohol with a saponification degref 88% Both

complex formation (1), pigments in pigmented inkse  coating are used on commercially available ink jet media

easily fixed at the huge inner suréaof porouscoatings from Sihl.

after removal of the dispersing medium water by evapora-

tion. Another approach is to overlamieatate sensitive  Inks:

coatings after printing to protect the gramgaing humidity Four different water bade commercial ink sets

and water. (CMYK) were selected to discuss the influences of different
It is well known that the fading of dyes and pigmentsdyesand pigments. The dyestuffs were analyzed by visible

with time in outdoor and indoor daylight is bdsen and UV spectroscopy (4). The following dyas® pigments

differert chemica deterioration mechanisms in which UV are used (5):

or visible light as well as oxidation are involved (2). Some. |nk set 1 C: Direct Blue 199, M: unidentified, Y: Direct

Azo-dyestuf are easily decomposed at the Azo moiety by yellow 132, K: unidentified dye mixture (Encad GA ink)

oxidation after light stimulation. Therefore, oxidation, |nks¢ 2 C: Direct Blue199, M: Reactive Red 180, Y:

stability of dyes is an important factor for fading of prints - . ; ;
(3). In general, pigments are more stable than dyes becauseDIrECt vellow 132 K: Bayscript NO1 from Bayer (Sihl
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USA; Spectraprint UV+) Ozone exposure:

* Ink set 3 C: Pigment Blue 15, M: PigmentdR23, Ozore wasgenerated by purging pure oxygen through
Pigment Yellow 14, K: carbon black (Sihl USA; @ ionization tube O2-GOLD-ION of BIO-KLION Bruno
Spectraprint pigmented) Wertz GmbH/Duren/GermanyConstant flow and optimal

. Inkset4 C:Pigment B&d5:3 M: PigmentRed 122, Y: ozone yield was achieved by pressurizing with 0.2 Alr

Pigment Yellow 128, K: carbon black (Encad; GO-ink) meas-urementsvere carried out by P“fgif‘g th.e ozone/
T ' oxygen mixture at 20 °C through the ink via a fine porous

glass filter in a 100 ml glass cylindeith asmal outlet 50
ml of the above mentioned diluted inks were filledAfter
replacing evaporized water extinctiorfstioe ink solution at
the aborption maximum were read after different exposure
times with a spectrophotometer. Relatiextinctionswere
calculated with reference to the initial extinction.

Printing:

All inks were printed on a Novajet Il (Encad) onto both
media with solid 100% ink depositi@reasof eat primary
color (CMYK) of appr. 1 inch square with HP cartridgds
the type 51625A.

Lamination: . .

Printswere overlaminated after a minimum drying time Results and Discussion
of 24 hours with 4 different commercially available cold
lamination (self adhesive) films. After laminatioretbrints  Ink properties
were cut at the edges of the colored areas. The lamination  To characterize the relative stability the ink solutions
films were: Inno-Tack 01-140; Avery Dennison FasCalwithout influence of an ink jet receptive coating the diluted
Fasfiti (if not indicated, this film was used as standardink solutions were investigated under extreme oxidation
lamination film in this report); MacTaPermagat PG  conditions by an ozone treatmentdaby exposimg to
7036; Korn-Sallmetall Gloss 40. Fig. 1 shows the light artificial high intensity daylight.
absorption characteristics of these lamination films. The ozone treatment (Fig. 2) ofetinks showal that
pigmenteal ink sets (ink sets 3 and 4) are much more stable
to oxidation than dye based inksKirets1 ard 2). Single
dye molecules in solution are directly exposed to ozone
while pigmert crystak have to be attacked from the limited
particle surface. Differences in the stability anainly due
to the differert chemical structures of the dyestuffs, e.g.
Magentasof dye inks sets 1 and 2 as well as of pigment ink

Extinction

3,5
3
2,5
2
15
1

051 ; : ; : ; sets 3 and 4 are very different regarding their stability.
%75 300 325 350 a75 200 25 . _The Iight ir_1duced decomposition of the di.luted inks is
Wavelength (nm) indicated in Fig. 3. As black dye based inks (K) are

complex dyes or compositions of several dyes only the

maximum at appr. 560 nm was evalutated. K ardi/€ink

) of ink set 2 are very sensitive to light exposure as well as

Light exposure: , the M of ink set 1. The other dyes are relatively stable
Printed samples were exposed a@nHaereusSuntest \yithin the inves-tigated exposure period. Pigmented inks

CPS device with Xenon arc lamp and filter to match(ink sets 3 and 4) have westable blacks (carbor and

standad outdoa daylight (CIE85/1989). The irzradiation cyans (phthalocyanins) but ink set Bhetremly sensitive
intensity between 300 nm and@®0m was765 W/m?, black  \agenta and Yellow, which are, surprisingly, Sestable

paneltemperature was 45 °C, distance of prints to the axig,5, dye based inks.
of the Xenon arc Iamp was 23_0 mm. The printed samples By comparig thes results to the light exposure
were expose to the intensive light for up to 144 hours. gyperimentwof printed samples (see below) the mechanism
Before exposure and within short interruption periodsy geterioration can be evaluated as well as the influence of
during the exposure the optical density of the printed areag,aiings. The main difference to the investigatiopririted
was mea-sured with a reflection densitomeidacBeth  gymples s that prints were exposed after drying vitilek
RD920 with fche respective CMYK-filters. €hremaining exposuresthe dyes and pigment particles are in close
optical density after exposure was calcuates the  5niact with water, which is saturated witkygen By UV
percentage of density related to the initial density readingght initialisation the sensity dyes and pigments
(without exposure). _ . decompose directly by light or after chemical reaction with
_ Inkswere exposed to light under the same conditions aghe syrrounding medium (water, oxygen, ink ingredients).
printed samples. The inks were diluted with pure water 0 a@ this point a more detailed discussion of these results is
extinction of 2.6 to 2.8 at the maximum absorption wavena; hossible Neverthelessthese results give an indication
length in the visible light at a path length D cm. The 4t the light ard oxidation resistance of the investigated inks

exposure was made in non absorbiigem thick quarz \yithout interaction of a coating under extrerriyimid
glass vessels. Relative extinctions (in %) as measure of thgyditions as they can also occur with ink jet prints.

residual dye concentration were calculated after different
exposure times.

Figure 1. Spectral absorption of lamination films.
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Figure 2: Ozone treatment of diluted inks
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Figure. 3: Light (UV) exposure of diluted inks.
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Dye ink set 1 on different media If UV light is absorbed by overlamination (Fasffitm)
the stability of C, Y and K increases clearly with both

This ink set is an example rfanary inks usel for indoor ~ €0alings A and B. This mearthd thee dyes can be
grapht arts office or CAD application (Figs. 4 and 5). The decompose directly by UV radiation, but to some extent
stability unde outdoa daylight conditions is very low also in case of coating B by initiatiomith visible I|gh.t.
comparel to ink set 4 which is designed for outdoor NEvertheless, the surrounding ofetiye moleculesis
applications (see below). Magenta is the most critical dye if["Portant: coating B results inette stabilities thancoating
ink set1 which cannot be improved neither by selection of a/- AS the lamination film does not ovepldhe print edges
swellable (B) instead of a porous cogtigA) nor by gas(alr_) transport t_hrough the porous structure .Qf coating A
overlamination. This mears that this dye is extremely IS Not limited as with PVA coating B so that a lighdluced
sensitive to light induced decomposition (see Fig. 3)thes ©Xidation can take place.

lamination film effectively absorls UV light this dye is

decomposed directly by visidllight of the absoption Dye ink set 2 on different media
wavelengths at 560 nm.

C, Y and K are more stable than. Mhete is a  With ink set 2 similar fading characteristics depending on
significant improvement in light stabilitoy using the  coating and overlamination are found (Figs. 6 anaswith
coating B instead of A. This muse bue to the natue of the  ink se 1 with the exception of the Magenta ink. This M dye
coating With coating A the dyes are fixed in a ionic is much more stable to visible light than that of sk 1
complex with the cationic mordant which rersithie prints  because UV absorbing overlamination is almleémprove
waterfast The highly porous structure is permeable to airthe lightfastness of the prints particularlyn goatirg B.
(oxygen) so that the light indude@xidation can take place  Prints of C, Y and on coatirg B with overlaminatio are
without restrictions The lightfastness is worse than that of more lightfast because of the effeetlyV absorptim by the
the inks itselves; this means that the interactions of the dyemmination film and because of ehstabilization by the
with the coating destabilizes the dyes. Ae tlyes are  coating in which dyes arembeddd and protecte from
embeddd in the swellabk polyvinyl alcohol in coating B - reaction with oxygen This is supported by the ozone
PVA is known to be an excellent barrier for oxygen - both treatmentresults(Fig. 2) and the ink UV exposure results
the reduced oxygen concentration as well as the moleculgFig. 3) in which Magenta of ink set 2 is more stable than
interactions of the PVA coating with the dye molesuteay =~ Magenta of ink set 1.
improve light fastness. These results coreeiaell to the
oxidation instability of ink set 1 in the ozone test (Fig. 2).

Ink Set 1 without Lamination on Ink Set 1 with Lamination on
coating A coating A
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Fig. 4: Accelerated light exposure of ink jet prints with ink set 1 on coating A.
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Fig. 5: Accelerated light exposure of ink jet prints with ink set 1 on coating B.
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Fig. 6: Accelerated light exposure of ink jet prints with ink set 2 on coating A.
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Fig. 7: Accelerated light exposure of ink jet prints with ink set 2 on coating B.

With lamination, ink set 2 is verightfaston coating  decreasess. Fig. 1). All colors (CMYK) are affected in the
B. Even the less light stable K and C ini&ig.3) are same way but to different degrees. UV light in the
rendered highly lightfast by this coating after wavelengh range of 280 nm to 320 nm is the most critical.
overlamination presumablybecause of stabilizing the dyes This wavelength range is not absorbed by the Mactac film.

against oxidation. Nevertheless, none of the studied dye based @aksbe
used for outdoor applications with coatiAgoecausdading
Influence of different lamination films of M, Y and K is too fast even after overlamination.

The same investigation was made with coating B.

Theinfluence of different lamination films was studied afterAgain, high UV absorption of the lamination film improves
light exposue of prints with ink set 2 for 144 hours on lightfastness. With FasFitti laminatidiim optimd results
coating A (Tab. 1). are given, even with Magenta which is much extabk in

combination with the coating B. These results clearly show

Table 1 Optical densities in % of initial density of CMYK that some dyes need optimum conditionencerning

prints on coating Awith ink 2 using different lamination films

coatirg formulation and lamination to render prints as

Lamination Film C M Y K lightfast as possible
Inno-Tack 0140 97 33 81 51 ‘
Avery FasFitti 98 27 79 50 Table 2 Optical densities in % of initial density of
MacTac 7036 89 24 76 47 CMYKprints on coating B with ink 2 using different
Sallmetall Gloss 40 | 73 8 64 30 lamination films
without lamination 55 9 32 18 Lamination Film C M Y K
Avery FaskFitti 96 88 90 100

It is evidert that lamination is more effective when| MacTac 7036 98 40 94 87
more UV light is absorbed by the laminatifd m (from top | Sallmetall Gloss 40 96 11 79 85
to bottom the UV absoptiorof the lamination films |\without lamination 98 10 80 76
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Ink Set 3 without Lamination on Ink Set 3 with Lamination on
coating A coating A
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Fig. 8: Accelerated light exposure of ink jet prints with ink set 3 on coating A.
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Fig. 9: Accelerated light exposure of ink jet prints with ink set 4 on coating A.
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Fig. 10: Accelerated light exposure of ink jet prints with ink set 4 on coating B.

Lightfastness of pigmented inks on different media experiments on the diluted inks of ink 8efFig. 3). As the
exposure took place under very dry conditions these
Both pigmented ink sets 3 and 4 are printed on théigments seem to be directly decomposed by absorption of
porous matte ink accepting layer (coating A). During light. Humidity or water does not seem toypki important
printing the pigments penetrate into the porous structure dple for deterioration of these pigments.
the coating and become waterfast after evaporation of the ~Lamination of printed areas of ink set 3 improves the
carrie liquid (water) and fixation on the inner surface of thelight fastness by about a factor 2ffor Y (same optical
coating The lightfastness of the printed inks (Figs. 8 and 9flensity loss after double of exposure tjrhat notasstrong
is evaluate with and without lamination. Ink set 3 is OnM. As UV light is effectively shielded by the lamination
unstable in M and Y as was faiin the light exposure film (Fasfitt) Y seems to be more UV sensitive than M
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which may be mainly destroyed by visible light. Therefore, (UV and visible) stability,
in case of ink set 3 lamination is not really helpful to.  printing on a non-porous coating which is able to

improve light stability for outdoor application. _ embed dyes into the polymer and to stabilize dyes by
Ink set 4 is the most stable in this investigation (Figs. 9 e right chemistry and by protection from oxygen
and 10). from air,

Coating B do_es not take up the pigments in th_e coating oo ramination with UV absorbing films.
as swellable coatings allow only small molecules like water  |; \vas found that porous structures and coating-dye-

to penetrate but none of the pigment particles withnteractions are able to impact the light sensitivity of some
diameters in the range of appr. 100 nm. Therefore, thgyes very strongly.

pigment particles lay on the surface and can be easily With pigmented ink the selection of pigments is the

smeared. most critical factor for light stability.
Within the chosen exposure period there is no change
in optical density of the printed areas. The stability of these References

pigments is excellent and independent from coating
formulation or on lamination. These inks seem to be usable
for outdoor applications even without lamination in case of
a waterfast coating as realized with coating A.
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This means that optimum conditions are given by
» selecting proper ink dyes with high oxidation and light

Recent Progressin Ink Jet Technologies|l 399 Chapter 6, Ink and Media



