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Abstract

A detailed disassin of inkjet media peformance

requiranents as the relak to severd coatirg design

paraneters is given here. In particularettmage drytime is

found to be strongl influenced ly the coatirg material

group functionality, environmental humidity at time of

printing, ink conposition and flux, andeceiving coating

thickness. In order to reduce the sensitivif the media

drytime perfomance to change in relative ridity, an

inkjet medium with a barrie coating is described.
Additiond discussion of sme user related archivability
features is also included.

Introduction

Inkjet technolog has becme increasingl popular due to
the ability of inkjet devices to recordulti-color images
and text on varigt of mediawith high speed ahlow noise
at a reasonald cost. Tremendouswork has been done to
improve various printer gstems, ink vehicles, and recording
media. Short ditime for high speegrinting, photo-realistic
image quality and good handlabilitstability for end users
are the ultimate requirements for inkjet recording media.
The develoment of the inage receiving coating for
inkjet media requires a detafleunderstandingof various
handlirg factors and archiving requireents. In addition,
knowledge of ink canpositions, itk drying processesink-
medium interactions and the structure-propemrlationships
of polymers and inorganic fillersvhich ae widely usedin
receiving coating fanulations is required Traditional
problans o the recordingmedia designé for inkjet
printing, suchas feathering, olor gamut andmary others
havebeenresolvel by a canbination d improved ink and
mediun developnent dfort.? In the following sectionwe

extendersfillers and alike,were fomulated and coated on
different substrates he coatingmetha varied from Meyer
rod to rever® roll to extrusion die and depended on a
combination of viscosiy and solid profileswhich are
beyond the scope of this presentation.
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Figure 1 Common resins used in the inkjet receiving coatings.

Water Fastness

The ink receptive coatingswere coated omvhite PET
filmand |maged on an Epsonyfis 808 color prmterThe
difference in inage densjt asa function of immersian time
is reported as dD according to the following equation:

d D=Di'D 48 hours

Distilled waterwas used as thenmersion fluid to test
the water fastness of the media.

Drytime Measurement
The prepard medig at a given coatingveight, were
printed cn HP DJ 850C iad allowed to dy for certah time.

will discus in detail the effect of the coating design onThe sanples were then blottedwvith transfe pape under

image drytime, and medium handlability and archivability.

Experimental

Sample Preparation
Receptive coatings, containing a vayiebf water
soluble poymers including those illustrated in Figud,
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certain pressuré he absolute saple diytime is reportedas
that no measurable quangitof ink is transferredto the
blotting pape as detamined ty optical density
measurements.

Water Uptake
The amount of vaporais water absorbed yb typical

wate sorptive polymers was measured as a function of
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relative humidity at a constant 2&8. Sample nedia, at a
fixed coating weight, were placed i@ a controlled
atmosphere chaber and allaved to equilibrate for 2hours.
The weight gain of the saple is reportedas the moisture
uptake.

Light Fade
Samples of the givenmediawere imaged on a Helett

Padard DJ870@i® printer. These smpleswere allaved to
equilibrate at office conditions befotesting The samples
were placed in amtlas SUNCHEX® fadeometer br forty
hours exposureith a dosagefo 0.3 W/M? at 340m. The
change of coloration is reportea a dE number ty the
following equation:

AE=((Li*-Lag)*+ (@*aug?) > + (0*-Dyg) H)°°

Where: L*, a*, b* and Lyg*, ag*, by, are the CIEAB
coordinates after 0 and 40 hours exposure respectively.

Image Line Growth (Bleeding)

Samples of the given media were imagel at
33’C/80%RH and stored at these condiidor seven days.
Base line graith was measured for a 4il referene line
after the envirormentd exposurelLine width measurenents
were made with the assistance of a travelimgicroscope.
Contras was optimized for each color and is crucial for
reproducibility of the data presented here.

Results and Discussion

Image Dry Time
One of the modern technida challengs for inkjet

printing is increasing printm speed The improvamert of
printing speed relies on bothetlspeedof the printer in
putting down drops @ ink in a cantrolled manner and the
time for the imaged media to dy. Putting down dropsof ink
at afaster rate, i.e. head frequgniecnprovements, than can
be driedwithin the mage receiving coatingill resut in
poa image quality. Image drytime, for this discussion, is
defined as the point inrie at which the imaged media will
transfe no ink to another surfaceshen placed into contact
with it. Today, most ink vehicles useih inkjet printing are
aqueaus soltions o dye(s) aad small amounts of high
boiling solvents such as yglol and gycol ethers.Inkjet
media must have not oml high image resolution but also
high water absorptivit to achieve excellentriage quality
and fast dying rate.Therefore, inage dytime is one of the
mog critical design panmeters in inket medium
development.

Inkjet ink drying mechanisns include absorptive ding
and evaporatie drying.? Furthemore, absorptive ging can
be broken dan into twvo canponents: capillar drying and
molecula diffusion. In media with porous structures, like
simple sized papers, the absorptivgidg process pmarily
involves capillaly movement of the ink droplets fra the
media surface. Inmost coated inkjetmedia, the absorptive
drying mechanisn involves molecular diffusion of ink
vehicleinto the bulkmedia through inknedium interaction.
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For evaporative dring, ink droplets are spread on the
mediun surface and thenoisture is renoved ly air flow
over the fluid mass. Unless heat or forced air is provided,
the evaporative ging processwill be slov and dependent
on the equilibrimm evaporation of the knfluid. In reality,
ink penetration and evaporation occurmdgitaneously
wherely the daninant mode of ink dying is usually
penetratiorf.

Since the ink-medium interaction is themain driving
force for molecula diffusion of ink vehicle into the coated
media described here, the selectidmpolymer binders in the
design of receptive coating is yemportant Wate soluble
polymers, such as pglvinyl alcohol)-PVOH poly(acylic
acid}PAA, poly(actylamide}PAmd ard therr copolymers,
poly(vinyl pyrrolidone)-PVP, cellulose derivatige and
othess are widely used in the design of inkjet receiving
coatingsto absorbwater and themall amount of organic
solvert in the ink vehicle. Obviousl, image dytime, which
affects printing speed, is dependent uptme water
absorptiviy of the poymer binders used in theedia. The
water absorptity of polymer binders is depadent upon
their structure, including theydrophilicity of the functional
groups present, anaholecula weight Furthemore, water
itself will hydrate various binders and influence the
interaction of polymer binderswith both liquid and vaporais
water. As shan in Figure 2, at the s coatirg weight and
humidity condition,mediamade ofPAA andResnh A gave
much shorte dry time than thosenade of PVP, PVOH, and
a cellulose derivative.

Figure 2 also demonstrates thatnmiage dytime was
dependent on the coating thickness, or coatieight, ofthe
receptive coatings For all coatings, the higher the coating
weight, the shorte the image drytime. This indicates that the
image dying mechanis is daminated ly absorptie drying
process.At low coating weight, the media do not have
enoudn capaciy to absorball the ink vehicle present. For a
coating weight d approxmately 8-16 gsn, the mage
drytime is strongly influenced ly the coating thickness.
Higher coatingweight gives the absorptivéayer much
higher absorbing capagit At very high coatingweight, in
the over 20 gan regime, no real decrease inytime is
realized at the kinetic limit of the drying process.

Image dytime is also stronglinfluenced ly ink flux as
shown in Figure 3.There are three zones irettypicd ink
flux drytime curves. In the first zone, forvoink flux, the
image transfer response, defined here asinde, is low,
indicating quick penetration of ink into the receptive
coating. The media have excess capacfor absorbing the
ink vehicles in this zoneThe second zone in theytime
curve is often short and indicative of a rate changene
image transfer response is occurring longer in this region.
Small chang in ink flux can result in ver large change in
the amount of image transferred in this region of the curve.
In the final zone the mage transfer is essentialinfinite.
The inkmass used has exceeded the absorbing capacit
the media Now the ultimate dytime is detemined by the
slower evaporative ging processwhich is much longer
than absorptive ging. It is the goal of thenedia designeto
design ne media that renain robusty within the fird zone,
the excess capagitzone, for the full range of possibink
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flux. As showed in Figure 3, PAA and Resin A coatings
show much longer first zone regions than other media. This
is consistent with the higher water absorptivity of the

Copyright 1999, IS&T

Table |
Water Uptake of Water Soluble Polymers
{Water Uptake(%) = [W-Wapod/WrH20t

polymers as observed in Figure 2.

Relative Methocel Resin A

Humidity A4AM®

Drytime/Coatweight

10000

40 1.87 2.09
60 3.63 5.32

80 7.86 12.71
1000

Methocel is a product of the Dow Chemical Company

Much higher water vapor uptake of other water soluble
polymers such as (PVP), (PAA), poly(methacrylic acid)
(PMAA), (PVOH), and poly(ethylene oxide) (PEO) have
been reported in the literaturdt was found that PVP has
10 N the highest water vapor absorptivity followed by PAA,
b ¢ PMAA, PVOH, and PEO. Theoretically, printing media
made of binders with high vapor absorptivity such as PVP
1 and PAA would give very short image dry time at low
2 a 6 8 10 12 16 20 humidity conditions. Under high humidity conditions,
however, the media constructed from these polymers can
absorb a significant amount of water vapor before printing.
This pre-absorption will reduce the capacity of the medium
to absorb the liquid ink vehicle upon printing. Therefore, at
high humidity, PVP and PAA are essentially saturated with

ater and give very long dry time when imaged. The media
umidity sensitivity not only prolongs the image drytime but
also cause film/image tack and ink bleeding.

In order to minimize the humidity sensitivity of
coated inkjet media, a barrier type receptive coating was
300 designed in which an absorptive coating on the substrate is

top coated with a thin barrier layer which has little humidity
17 sensitivity. A sketch of a prototypical barrier coating is
200 / shown in Figure 4. This type of hybrid system gave much

100

Drytime (s)

Coating Weight (gsm)

— M — PVOH - A - -Cell/Ether

el P\ P
- el RESIN A

-4 - PAA

Figure 2 Image drytime as a function of coating weight for
selected commercially available and experimental (Resin A
materials.
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Figure 3 Image drytime as function of polymer binders and in
flux. The receptive coating has coating weight of 12 gsm.

~—_ Backing Layer

Figure 4 Structure of a barrier coated media. Such a technique
Water soluble polymers are used in most inkjet media. 1an r_ender the media virtually insensitive to the effects of humidity
general, water soluble polymers are sensitive to both liqui™ Print quality.
water and water vapor. Therefore, the uptake of water from ) ) _ )
the air, for most water soluble polymers, will depend upon | @ple Il illustrates the impact of a barrier layer coating
the relative humidity. The water vapor uptake normallyon image drytime. In materials with only water receptive

increases with the increase of humidity as shown in Table Imtercoat (Medium A) or intercoats with non-barrier type

‘topcoat (Medium B), water vapor uptake of the media is
high at high humidity conditions. However, the medium with
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barrier type topcoat (Medium C) shows low humidity Water fastness can be defined as the resistance to color

sensitivity as expected: loss when a printed inkjet medium is immersed in or wiped
with water. This is an important property, because the

Table Il imaged media may be subjected to coffee spills, water spills,

Effect of Humidity on Water Uptake or even flooding. Color loss, with resultant loss of image

quality, is mostly due to the solubilization of the dyes in the

0, = A
{Water Uptake(%) = [W-Warzd/Wesizdh printed image. Any interaction between the various dyes and

Relative Media the ink receptive coating will help to immobilize the dye
Humidity (%) A B C molecules and improve the water fastness of the printed
40 19 55 34 media. o . .

60 a1 8.8 6.3 The most difficult challenge for inkjet medium

designers is to develop inkjet waterproof media for outdoor

80 18.0 16.6 3.7 use without relying on post processing such as lamination.
Media A=Single Imaging Layer Since most inkjet media use water soluble polymers as
Media B=Dual Imaging Layers (non barrier) binder to absorb the nascent ink vehicles, the receptive
Media C=Dual Layers-Barrier Coated Product coatings will swell and be washed away when in contact

with water for extended period of time. Therefore, a careful
Image drytime of the barrier type medium and otheibalance between hydrophilic and hydrophobic components
media is plotted in Figure 5. Consistent with the result$n the receptive coating is needed to give both good image
shown in Table I, the image drytime of the barrier typeand water resistance. Figure 6 shows the water fastness of
medium C is significant shorter and much less humidityour specially designed inkjet media for outdoor applications
sensitive than media A and B at high humidity conditionsand photo quality imaging application. No color loss was
even though it is not the fastest drying medium at lowdetected after completely immersing the printed image in
humidity condition. With appropriate choice of inter- water for two days.
absorptive layers and modification of the barrier layer, a fast

drying medium with no humidity sensitivity can be designed. 3'2 R
25 . I B
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y ving o) 2 - m m mAm = = o= A —l - M
O 15 - dA=C
10000 1 - —— — =

= -= — = Y

0.5 - e m— = =@

o<+ { i

0 24 48

Time (h)

Figure 6 Optical density of the imaged waterfast medium after
immersion in water for two days. Little image degradation was

noted.
20 30 40 50 60 70 80 In addition to water fastness, light fastness is a concern
RH (t=75F) for long term stability of the imaged inkjet media. Light
E—— T - .Fvon fastness can be (_jefined as the_ resistance of_ th_e printed
media to degradation by strong light flux. Magiplications
—&—Cell/Ether - - 3 - -PAA of inkjet media subject the images to some sources of UV
X Resin A —O—Barrier Coat light. In addition, many inkjet dyes will degrade in the

presence of visible light. Therefore, light fade of the printed
Figure_ 5 Effect_ of hum_idity on image drytime of the media Wit@lecﬂaa!: Sgtse,[grvg:]}:j u(;;a&g;azligne;p-?ﬁlealglo:ﬁ;o(;?tﬁgﬁogfutsﬁe
and without barrier coating. various polymer binders used in the medium receptive
. o coatings do play an important role in the ultimate light fade
Handlability & Achivability resistance of the imaged media. As shown in Figure 7, some
) polymers are more prone to degradation by light exposure
~ With the development of fast, often networkableihan others. Materials with a high proportion of hydroxyl
printers and digital cameras, more pictures will be printed bynctionality act as free radical quenchers, which promote
inkjet printers than ever before. Therefore, medigjgnt stability. Such is the case for PVOH, cellulose
handlability and achivability become more and moregerivatives and others materials.
important. Image water fastness, smear fastness, light ap additional long term image stability issue is image
fastngss, and storage bIeed_ar_e the prlnmple concerns flﬂ'éeding. Image bleeding is a very complex problem. High
handling and archiving of the inkjet media. boiling solvents in the ink vehicle, low coating weight, and
high humidity conditions can cause image bleeding. High
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boiling solvents are difficult to evaporate, and tend to Line Width Bleed
remain in the receptive coating where they can act as a dye
solubilizer. At low coating weight or high humidity
condition, excessive water absorption occurs which results
in dye solvation, and coating dissolution. These factors
promote image bleeding. To overcome this problem, one
must either immobilize the dye molecules by specific
interactions such as chelation, or complexation or use high
coating weight to achieve excess absorbing capacity. In most
cases, dye immobilization for improving water fastness will
also improve the light fastness and prevent ink bleeding of
the ink jet media. Figure 8 shows the effect of the polymer
materials used in the receiving coatings on long term storage
bleeding. Complex, often highly specific, interactions
between the dyes and polymers or inorganic particles used in
the receptive coatings either promote or hinder image
bleeding. In particular, PAA may reduce image bleeding
through electronic repulsion of the inkjet dyes.

Line Growth (mil)

Light Fastness EPVP llPVOH ElCell/Ether I PAA

Figure 8 Long term aging bleeding can be significantly influenced
by the materials used in the inkjet media. A bleed of 20 mils
represents a line growth of 50% in this experiment.
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requires a detailed understanding of print quality and storaggperimental data partially included in this paper.
stability issues. Drytime is the limiting factor in the

development of truly high speed inkjet marking devices.
Image drytime of the inkjet media products is strongly
influenced by the chemical composition, coating weight and
ink flux of the inkjet media/ink system. Long term storage
issues which impact the utility of inkjet technologies to
approach that of traditional photographic systems include
water fastness, light fastness and bleeding. These issues are
also strongly influenced by the selection of materials used in
the receiving coatings of the designed media. It is the goal of
the media design engineer to develop systems which
optimize the various requirements of modern inkjet
recording media.
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