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Abstract

In this pape we discussthe relationshp betweena
high-speed continuous ink jet system ana fbrinting
substrate Dense surfaces, with diffewt kinds of
topogmephies were usal to evaluate th importance d the
droplet impact and spreading withazdpillary penetration.
Commercial papers were also ugecdvaluaé the potential
of the existigp grades ad to find the key performance
parameters.

A laboratory-scale testing environment was usedhe
high-sped imaging of ink jet dops. Thelinpact, spreaidg,

factors in comrercial pape grades It is possibé to
decrease the surfaceughness of papewtralenderingbut
then also the total pore volume will decrease.

To overcome this poblem, two plastic sheets, with
differenttopographies, werused to evaluatthe importance
of the mehanical doplet impact and spread) without any
capillary penetration. Thadjustedproces parametes were
the distance of th printing nozzé from the surfacewhich
affects the impact velogitof the drop, and tk velocity of
the printing surface Moreover, eight commerciatoated and
uncoate papers were selected, and e thdynamic

absorptiorend drying of the irk droplets on the samples can measured on diéfent time scales.

be obsered ard analysedn this testirg envionmenton the

time scale of microsecondsgp to seeral minutes. The
image technical perforance of the samples wameasured
with an image analysis system which was spacddkigned
for the analysis of print qualityith non-impa¢ printing

techniques.

Introduction

This study is a partfahe project "Dynandi Interactions
and Image Quality in Ink 3é°rinting" which is one ofthe
research projects run by VTTnformation Technology
between 1995 and 199%he project fousses on the high-
speed ink jet pnting methods of the futurdhe aim is to
analyse andnodel the interactions betwe@k and papein
the Continuouslink Jet technige (CIJ), ad to develop and
modify testing mehodsfor ink jet substrates.

Although drop on demand prining hasbecome the
mostdominanttechnology in low erd printing, CIJ systems
are the technology of éhfuture, especiallyn high-speed
digital colou printing applications. A betteknowledg of
the basic mechanisms of dynamic érgction is neeell to
produce a more reliable and appropriate specifinaticdhe

developnent of the image technical propersiewas
Table 1: Test materials
Sample Coating IGT PPS

oil absorptim Jroughness

Plastic 1 2.3
Plastic2 | b 49
Paper 1 Coated 8.4 34
Paper 2 Uncoated 21.4 38
Paper 3 Uncoated 12. 3J7
Paper 4 Coated 7. 1p
Paper 5 Uncoated 22. 88
Paper 6 Coated 7. 19
Paper 7 Coated 7. 118
Paper 8 Coated 7. i

Experimental Work

In this study, tk ink drops wee generatd by an
industrial multi-deflection ClJelice. The inner diameer of

the nozzle was@um and the tbp production rate 77 kHz.

quality demands for the paper grades and it would be usefdihe exit velocity of the drosp was 18 m/s The

in the poduct development ofthe mper industry. The
purpose of this study is to clafy these pag-based
interaction mecénisms.

It is well known that thesbsorption poperties 6 paper
have a distinct effecbn the drying ard spreadig of
agueous inks and ithis way on the print quality The

recommende printing distance forthe printe was 12-17
mm. Tte viscosity of the water-based ink was3ZP A
motor-driven balanced drum was setp uo move the
substrate. The periphericaelocity d the pape-carrying
cylinder was adjusted betwe8-8 m/s.

The test substrates consisted of two plastic sheets and

importan@ of paper roughness is often also stressed,®eight commerciapape grades. Somproperties of the test

because it affects the final size andagh of the dot.
However, it is difficut to discernthe relevance of thes two
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materials are shown in Table 1. & plastc sheet were
selecté sothat the roughness ofdliirst sample (Plastic 1)
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approahes the roughness of codfgape and the roughness Results and Discussn

of the secondsample (Plastic 2) approacheg toughness

of uncoatad paper. The tgpography of Plastic 2 was strongly The Effect of the Printing Distance on the Print Quality
orientated, as seen in Figure 1. The significance of the printip distance, a process
parameter whiclaffects the striking spel of the drop, was
verified by using smooth and rough plastic surfaces. The
resuls are in Figures 2 and 3.The diamete of the dot
decreaselinearly when tle printing nozzle is movedafther
away fromthe surfaceThe dot § at all distance notably
smaller on a smooth substrate. The dffet a distance
adjustment is, howevggreate on arough substrate.
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Figure 1. The stongly orientatedtopography o the plastic sheet.
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Two test series were carried out by gsthe plastic

sheets. In the first series, the printing nozzle was set at3 =T
different distances from the sgace, i.e 1, 5,10, 20 and 30 380 1
mm. In the second series, the distance between thiaca 370

and the nozzk was kept constant, but th speed of the 360 ; ; : : : :
rotating cylinder, towhich the sample were attachedwas 0 5 10 15 2 5 3
changed The printing distan@ in the speed series was 50 Printing Di stance, mm

mm, and it was selected so that impad speel of the drop
would be as low as possible. The speeds used@y& 4,6  Figure 2. The dameter ofthe dot as a function of the printing
and 8 m/s. distance.
Three sampls were used inhe speed series. @&liirst

sampe was Plastic 1. The second sample was Plastic 2
which was attached to the rotating cylinder, $lat the 05
directionof the orientation was parallel to the cross machine |
direction (CD). Tle third sample was Plastic 2 which was ' \\A‘
attached to the rotating cylinder, #@t the direction othe
orientation was parallel to ¢hmachire direction (MD).
After printing, the imag technical properte were
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measured by usingn image analysis systenspecially 2 03 Ao

designedfor the analysis of the print quality witmon- € 025 ] . q o

. .. . R 2o = Rough

impad printing techniques. The system consists of a 3 Substrate
@

microscopga CCD camera and a PC with tailored analysis 02

software. 015 |
The commercid pape grade were analysed in a
laboratory-scale testing environmeftr the high-sped o : ;M T . .

imaging of ink jet dropsThe impact spreadingabsorption
and dying of the ink droplets @ the samplescan be
observed in this testing environmeon a time scak of ) ) o
microseconds up to several minutes. This testindgi9ure 3. The rmundness bthe dat as a funcion of the piinting
environment is based on a high-speed Ce&inea (2250 Istance.

frames/seg)a stroboscoqi flashlightanda PC. A detailed

descriptimm of the experimental aengenent has been The dotbecomes roural when the printing distance
reportedearlier /1/. In this series, the printing distance wasincreasesn a rough surfaceThe roundness values range
50 mm andthe printing substrate was held still. The high- from 0 to 1, so that 1 is agfect circle. The roundness of
speed images were analysed aned developmet of the the dot ca be totally destroyedfithe pinting distane is
image technical poperties was considet®n three diferent  small especially with a high spdeof the substrateThe
time scalesfrom 0to 20 ms from 0 to 200 ms anddm O  study of tte splashingof the ink drops hasbee published

to 1,500 ms aftethe impact. earlier /1/.

Printing Distance, mm
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Quite surprisingly the roundness othe dotdecreases
when the printig distance is increased asmooh surfae.

Copyright 1999, IS&T

the size of the dot first increases slowly andradten/s it
begins to gow rapdly. At a speed 68 m/s,the differences

An explanation fo this could be that the hydrodynamic between the two samples are smaAllpossibé explanation

pressue of the spreading tbp exceds the weak stace
forces and small irregularities of the prirgisubstra¢ and
creates in this way roundeots. But the change is any
case quite small. The differce betweethe smodt and the
rough surfae decrease when the printing distane is
increased. Logarithmic functions chaapplied very well to
the data in both cases.

The Effect of the Printing Speed on the Print Quality

The significance of the printing spewas assessed by
usig a smooh surface and tworough surfaces with
different directions of orientation The results and the

for the difference is that the CD-orientatedriace blaks
the drop and prents its free flow on th surfae when the
speed of the sample is increasech the MD-orientated
surfae the liquid can flow quite fredy and the size of the
dot increases rapidlyMost of the total dot growth isaused

by the roughness of the substrate, because on a smooth

substrat the diameter 6 the dop grows slowly when the
speed is increased.

The ellipticity of the dotincreass on all substrates
when the printing speed is increased. Elliptic#yhe ratio
of the dot width tathe heightof the dot The ellipticity of
the MD sample increases faster than that of thes@fple.

polynomid fittings of thedata are in Figures 4 and 5. When This confirms pevious conclusion:the cross-directional

the printing speel is increased also ¢hdot grows on all
substrates.
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Figure 4. The dameter othedot as a function of the speed
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Figure 5. The ellpticity of thedot as a funcion of the speed.

On a rough stdiace with an orientatioin the machne
direction (MD) tre diamete grows rapitly when the speed
is increasd and legins to decelerate a&ft about 6 m/s.

topogiephy of the surface signifiently impedes th flow of
the liquid. The free flow of the liquid alsomakes the
ellipticity of the dotincrease very rapig on a smooth
surface.

The Effect of Absorption on the Print Quality

The significance of absption ard the developmenof
the image technical proprties as a functio of time were
evaluated by using eight conerpial pape grades.The
diamete of the dotwithin the first 20 ms is shown in Figure
6. Simple first and sead degreefunctions ould be applied
very well to the data.
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Figure 6. The dameter othedot as a function of time.

After the impact, tadrop immediately begin® spread
on all paper grades. It is generally suggested that ¢isra
so-called wetting delgyranging fom 5 ms toseveral
seconds, before the capilfapenetration &gins No sign of
suc adelay wasfoundin this study. An explanatiofor this
could bethat the high kineticenergy of the CIJ droplet
ensures an immedigt@ressurised contact with étpaper
surface andn this way fast wetting. After 2@ns of the
impact, there is already a differenof 50 um in the
diameter of tk dotbetween Pape& and Pagr 4.

The first 200 ms since the imgasf the dropare shown
in Figure 7 The diamedr of the dotincreasewvery rapidly

When the orientation is in the cross machine direction (CD)in the uncoated samples2and 5dueto the fag capillary
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penetration.There are still considerable difrences in the
spreading times ahe urcoated jppers For example when
Pape 2 spread to its maximum size within the first 50 ms,
it takes Paper 5 @ 200 ms. Tk changesre muchsmaller
in coatal papers everthough considerable ffierences are
observed. All in all,the changesni the dot size are
extremely fast. In facta 98% correlation aabe calculated
between the dot size at 120 ms and timalfdot after a
drying time of severaiours.
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Figure 7. The dameter othedot as a function of time.
The first 1.5 seconds of spreading ahown in Figure

8. Asyou can see, on this time scale there is a slow increa
in the dot size oncoated papersThe slow spreading
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is reachd after 500 ms, it takes more #m three times
longer for Pape 3 to reach a stable levelhis is eag to
explain by an eamination of the papers: Papeb is rough
and porous,a pape with fast penetration and spreading,
while Paper 3 is smootland dense. The intensityf the
coatel papers decreases on this time scale du¢htoslow
spreading of ta dot. Much higher @drkness levels can be
reached with coatl pagers - at the expensd slow drying.
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Figure 9. The intensityof thedot asa functon of time.

A linear correlation (®4) an be found between the
intensity of the dot and &1GT oil absorptionof the paper:
sthe moreabsorbenthe pajer is the lower darkness the print
will have.

continues until most of the solvent has evaporated. The

percentagaate of dot increase is quite small during this
time, but undedynamicconditions the slow drying causes
severe bleeding, especially in multicolor processes.
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Figure 8. The dameter othedot as a function of time.

Although the maximum size of th dot is reachd
within about 200 msn uncoatd papers, thintensityof the
dottakes a much longer time tdevelop. The intensity value
indicates the darkness of thergr the lower tle value is the
darker the print will be. When the final darkeed$ Pape 5
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Figure 10. Theintensityof the dot as a function of the IGT ail
absaption.

The roundnessfdhe dot in tle first 200 msis shown in
Figure 11 The roundness decreases rapidly oncoated
papers in thfirst 100 ms. The decliain quality is strongest
in Paper 5where the stpe ofthe dotis totally destroyed.
Much roundr dots ca be achieed with coated papers.

A linear correlation (-0.94can ke found betwer the
roundnessof the dot and the IG oil absorption 6 the
paper: themore absorbent thpager is the lessround the
dots will be.
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Figure 11. Theroundness othe dt asa function of time.
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Figure 12. Theroundness ofthe bt as a function of the IGT oil
absaption.
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Conclusions

The raughness ath the absmption properties d paper
were found tdoe of great significance to the priquality in
CIJ printing. Plastic sheets witlifferenttopographiesvere
used to evaluate ¢hmechanicaldroplet impact without
capillary penetration. It was found under variptbcess
conditions that tre roughness andhe orientatn o the
printing surface had a strong impact on the finaé siad
shape of tedot.

The absorption and theeeklopnent o the image
technicd propertiss of commercial pagr grades were
examined ina high-speed imaigng test envybnment The
dot hasfound to reach almost its final size extremely fast:
98% correlation could be calculdtbetween the dot sizat
120 ms and thdral dotafter a dryingtime of several hours.
The intensityof the dotdevelopsmore slowly tlan the size
of the dot. While the final dot stavasreache in about 200
ms, the final intensity fothe dat was reached b uncoated
papersafter 1,500 ms. Ormrtoated @pers, neithethe size nor
the intensiy of the drop reachd the final level on the time
scale of 1,500 ms.

References
1. Mahdnen, A, Kuusistq M., Lindgvist, U., Nyrhilg, R., The
Splasting of Ink Drops in CIJ Priing. IS&T 13th

Internation& Conference on Digal Pinting Technéogies.
pp. 800-603. (1997).

524 Chapter 7, Print and Image Quality



