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Abstract Quality Criterion:

Demands on modern ink jeteda areincreasing A number  Impact of Pigmented Inks versus Dye-Bask Inks on

of product features has to be optimized to achieve a highnage Quality:

quality product. Therefore, it is imperative to control the  In order to compare inks with "dyes" to those with
ensuing potential interference of ykgroduct properties.  "pigments’; the® two designationsneed to be explained

This principle of controlling product properties for best more closely. Pigments as used in inks are ultraissoéd
overall fit is discussed using the following exemplary particles with a diameter between058nd 50 nanometers.

quality criteria: Each pigmert contains a multitude of color molecules.

0 Impact of Pigmented Inks versus Dye-Based Inks onThe® pigments do not float dissolved in the carrier liquid,
Image Quality mainly water which makes up the biggest portibihe ink.

O Curl Dyes by contrast are "liquid". This means they are dissolved

O Drying time in the carrier liquid and float in iniamolecula state Many

0 Banding and Bleeding colors may be used as pigments or as dyes in inks. In

As a premise for looking at ¢hquality criteria ~ comparing the color gamut of pigmented inks vtita color
mentioned above, | want to point out at this pairatit is  gamut of corresponding dye-based inks, dhisra slightly
impossible to separate these criteria from one another. Thesenalle range for pigmented inks, but they are very similar
will always be some kind of an interrelationship betweern all other aspects.
them whethe ore likes it or not. By the same token, for After printing, dye-based inks will diffesinto the ink
chemical and physical reasons, it is possibé eithe 0 et |ayer with therr solvents - a mixture of water and glycols.

produ@ anink jet pape tha is optimized in all respects, i.e. Durin : ; :
. . : : g the drying process, this dye mixture doesspoead
that complies equally well with the most importayuality within the layer, this means the image impression cannot

criteria. The following considerations rcéherefoe nat be y . o . . .
regarded as complete, but rather are supposed to give gﬂange du.r|ng drying. The S|t.uat|.on is differentth
overviav concerning the complexity of the subject andPlgmented inks. After the drops impinge upibe surface,
important items. The following resultare basel on  essentially remain at the surfacktbe ink jet layer while
investigationsof the R & D Department of DuPont de the solvent mixture diffuses into éhink jet layer With
Nemours (Deutschland) with support from DuPork Jet respet to this mechanism, basically two different effects
Enterprise in the U.S. Besides competitive products,can be observed with commerciatlyailabk ink jet papers

primarily the DuPont ink jet papecslled "DuPontJetLF"  and the respective ink jet layershich hawe been
were investigated. These are especially suited for universahrmylated for use of pigmented inks:

use in large format ink jet printers that are market leaders. . ] o .

The products "DuPont Jet LF" are also optimally suited forl. If the solvent diffuses intthe ink jet layer relatively

the use of dye-based inks as well pigmentel inks.  rapidly, one sees a uniform distribution of the dispemnsie
Therefore, as an example, investigation tbé quality — at the surface. However, during drying the appearance of
criterion "pigmental and dye-based inks" was made cracksin the pigmentel layer is frequently observed. As a
possibe by looking at only one identical material. In result the optica density (in reflection and transparency) is
concludirg these introductory comments, I'd like to add thatstrongly reduced and the gloss of the printed surface is
mog of the quality criteria that | will describe can be strongly diminished. The effect is causeg fiocculation
evaluated much bette visually, so | will show some and coagulatio of the pigment particles during the drying
illustrative samples during thpresentationlllustratingthe ~ process. This phenomenon can be observed particuletly
text of this presentation with printed images would not beat high color loadings, this means for example 0'4@
adequate compared to the visualization using samples. ~ black” built up from cyan, magenta, yellow, black.
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2. Those media that absorb the solvent mixture of théowardsthe direction of paper transport, with the curvature
pigmented inks more slowly, "puddling” may occur.hdigh  away from the path of the printing head movement.

color loadings, there is formation of coherent ldj€iims
which then may spread into each other with diffecaors.
As a first stage of this phenomenon, there may bes&imd
of drop formation in the full density area$ ary color.
After drying, non-uniform full density areaseaobserved
which create a very mottled image impression.

3. In order to suppress drying curl, thés technicallythe
option to coat the back side with an ink jet layeaddition
to the front side. This method istmew and is successfully
being applied in silver halide manufacture. The functional
principle is that the gelatin of the back side compesdate
the tensionforces of the gelatin of the front side (silver
To eliminate or optimize these negative aspects of inkalide layer). This way of preventing drying curl woiks
jet layers there is an option to use more than just one ink jeproducing nearly the same reaction of the fron¢ aidi the
layer. In applying this technology, the topmost layer shouldack side concerning different humidities by havireyy
be crosslinkel and coated relatively thin. Also, a high similar coatings on both sidaherely balancig curling
amour of small size silica particles has been found to bdéowardsany one side. This method, however, is not being
beneficial. With this measure, the topmost tayeindeed applied in the manufacture of ink jet materials due to higher
optimized for pigmented inks, however, under certain cir-costs associated with the two coating pasakipudh this
cumstances, there may be interferences with other importatytpe of material could be prirdeon the front and on the
properties. For standard bindeconcentrations the  bad side The most practical solution is afforded by the
crosslink-ig step mentioned above may excessivelymethod of applying differenfyer thicknesse®f polyethy-
increag viscosiy so that problems may arise in the coatinglene (PE) on the front side and the bacle sidthe substrate
processof the ink jet layer. In addition, drying times may paper. This type of formulation of ankifjet pape material
change and may possibly beo@itmo long. Furthermore, alsorequiresconsideration of possible interaction with other
the use of high amountsof silica in this layer may also quality parameters for normally in manufacturing PE-
influence gloss of the coating which in turn influences colorcoated papers, it is made sure that the e€vating

density and color hue. thicknesses are the same on both sides inrdodeeduce
) L. paper curl. By applying differenPE layer thicknesses,
Quality Criterion: however, the curl tendency towards the thicker PE isid

curl: being utilized to balance the tensiforces in the ink jet

layer. It has to be kept in mind, though, that this is only a
conditional problem solution because the combimat
raw paper and PE will react differenthgaing humidity
differencesversusthe ink jet layer proper. The goal in
1. Humidity selec_tinga binde co_mbinaftionfor ink jet coatin_gs is to
2' "™ N hist fth terial possibly find one which builds up the least possibiernal
3' Dr;r:;ry (history) of the material. tensionforces at low humidities and therefore has a low
: - . . . tendency for curl formation. To underithe complexity of
1. At low humidities of the ambient air, the binslef the ¢ subject, I'd like to mention that aptimizationfor curl
ink jet layers will desorb their residual humidities resulting 5,5 may cause adverse effects for gisor uniformity

in high internal tension forces within the “]M paper If .of full color density areasAs a satisfactoy compromise
thes forces are not compensated for, the ink jet paper will,;iip, respect to the various influenginfactors and

read by Cplf]lingh mo_ri or less strlongly towardsl th‘_3hSideoptimizatio"l programs,ink jet materials consisting of a
coated with the ink-receptive layern Igeneral wit multi-layer complex have proven to be effective. These

commerciallyavailabe materials this problem will occur at 1\ atarialslend themselves to applying a very thin binder
relative humidities below 20%. Besides handling problems layer in the overcoat which is beneficialr fgloss and

due to curl outside the actual printing procets& main  reqyces streakiness, even if curl propertee possibly
potentia problem is in the printing process itself because,gqatively affected. The interaction and the resultitigr-
the printing heads are in conflict witheteisededges of the  jopendeneof various properties become especially clear in
paper during printing. optimizing the total coating weight of the ink jet layer. On

2. When using large format ink jptinters the pape media  the one hand, reducing curl requires working with a
are mainly wound onto two-inch-cores wittettpatel layer ~ minimal coatirg weight at any rate, on the other hand,
outside As the paper material may stay wound on suchhowever unde these circumstances, this may cause
cores for up to two years between productiod consump-  problems with drying time, especially atigh color
tion, the substrate (paper, polyester) will exhibit a so-calledPadings.

memoy curl. This type of curl is a tendency to curve The description of the subject of curlagoad example
towards the backside of the ink jet material. It does noto illustrate the complexity that R&D teams face with
adversely affect functionality during printingnd is less ~ respect to the right calibration of measures that need to be
pronounced with thicker paper medigxperiene shows taken for overall optimization of product performance.

that after printing the material will not be optimally flat.

However, since a large part of the ink jet material

laminated over anyway after printing, this éygf curl has

no relevancy. Memory curl cannot interfere withe

function of the printing heads either becauses ioriented

Curl is defined as the property afcoatal materialto
curve from the flat state into a certain direction under
certainoutsice influencing factors. For ink jet media, three
influencing factors are important:
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Quiality Criterion: Quiality Criterion:

Drying Time: Banding and Bleeding

When talking about drying time ithis section this is dina:
defined as surface drying, not the complete dryingBan mg(.j. is defined K f : h -
throughout the ink jet layer. Investigatiohswe revealed Bandirg is defined as streak formation when printing

that even after two hours an ink jet layer is completely ~[Ull density areas. In order to explain this issue, it is
dry, even if it is only coated thinly. This effect is a direct importantto mention that ink jet drops are distributed in a

consequence of the ink property. At this ppioihe must randpm pattern by_ thg raster image processor (Ril%pitg
remen?ber that ink jet inl?s —pirrgspe(etimf dF;/%—basd or of this randon Q|str|but|0_n there may be repeats of printing
pigmentel inks - are formulated to prevent plugging of the patterns in uniformly printed areas. Also, streaks may form

T P : ; as a result of print lines overlapping at the ehd print line
printing heads from rapid ink drying, and, therefa@ntain . ; : ;
solvens of low volatility. This situation is an important adjacent to the next line. Theeare materiak which teru to

aspect in formulating functional inks, but it does adverselfggr:g‘;ﬁs,, g]rfjsgthg:fsescﬁic?ngongggis;?gdthi;hghm:rf (IJ\:r?Zn c:g
ﬁ:;%d the formulation of ink jetayers regardirg drying better. This matter shows additional complexity by the fact

In a normal production process, the time interval betweeH1at also the d|ffe_rent types of printers and inks haye an
printing on the ink jet material (partiallwith high color influence on ba_nd_lng._ Therefore_, Itis not always certain that
loadings) and the next processeps (winding etc) is asucces.sfub.ptlmlzatlon of the ink jet layer for one type of
typically no more than ten minutes. But after this time, a printer will simultaneouslybe successful for another one.

maximum of only 20% fthe solvent(predominantlywater) Trr:us onlyf the kmost universal® material has the best
of a dye-based ink has evaporated. Therefdrés very chances of market success.

important, on the one hand, for an inkgegtirg to be able
to take up large amounts of waterd solvent and still
shawv the performance of a dry layer in subsequent applic
tion. Only many hours after printing @ ink jet layer really
completely dried. Drying properties rcde improved by
using hygroscopic binders. These components bhgater
and solvent very well, but alsabsorbhumidity from the
ambient air after printing. In such cases, the dried <:o|orsDe
may "bleed out" by absorbing water. Another aspefct
incompletely dried layers that needs to be addressed is an
orage on the polyethylene layehere unde certaincircum-
stancegluring lamination, the printed layer can shift on the
PE layer by the applied pressure. The importariagrying
time will strongly increase in future. Thewgeneration®f
printers that are primarily aiming at ever faster printing tim
ard throughpa will make the drying properties of ink jet
media a key selection criterion. Drying systems are
availabk with the printers already today, it is true, but the
real breakthrou for new markets with ink jet printers in
the large format segment will only become possible wit
still more productive equipment. Since the measurement

Bleeding:

a.. Bleeding is defined as the diffusion of a color ink into a
directly adjacent color spot. The occurrence of "puddles”
ard the spreading of different colors into one another is
strongly determine by the type of printer, the inks, and the
type of ink jet media.

To prevent both effects (Banding and bleediriighas

e found to be beneficial, if the rate of absorption of the

d‘ﬂl_( jet inks by the layer, directly after impingemefttioe
ink drops, is very rapid. In thiway, the formation of high
liquid amounts on the coating is prevehtehich otherwise

would detrimentallysprea into bigger drops and puddles.

The non-uniform absorption of inks the layer causeghe

esurface to become dull at areas witly drops so tha the
gloss which the material had before printing is diminished.

Conclusion

pro summarize as a conclusion ofetmuality criteria
Skiscussd above:An ink jet paper cannot possibly satisfy all

drying is mostly subjectively assessed in the marketplacgU@lity criteria to the same degree. There will always be
and is adjusted to the production conditions, the ofl quality areas where different materials hadéferent

thumb standsthat the paper should feel dry to the touch atStrengthsand weaknesses. In spite of this interdependence
the latest before it comes in contact with the flooris ~ ©f guality criteria, research must continue to devesop
wound up. Different ink jet papers have matting agents i optimum overall formulation in order to ideally provide the

the surfa@ so as to improve drying, but this may sometime?€nefit to the end user toeupist one high quality ink jet
lead to problems in thlamination process(formation of matenal for_ Q|ffe_rent types of prmtersdadlfferenttypesof
bubbles, formation of spots). ink. In addition it would be desirable to improve the test

methods for quality which in most casesdea be rather
subjective so asto standardize them by using technically
and scientifically reproducible methods.
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