Impact of surface sizing on inkjet printing quality

Isabel M. T. Moutinho*, Paulo J. T. Ferreira, Mangda L. Figueiredo

Chemical Engineering Department — Coimbra Universtblo Il — Rua Silvio Lima, 3030-790

Coimbra, Portugal, E-mailsamim@gmail.comPhone +351.239.798.700, Fax +351.239.798.703.

ABSTRACT

Printing quality is strongly influenced by the sttwral and chemical properties of paper surfacd,ign
one of the most important factors concerning costisnevaluation. Thus, all studies regarding the
evaluation of paper surface characteristics, tifecesf of surface treatments, paper-ink interactass

well as the influence of all these parameters amtipg quality, are of utmost importance.

The aim of this study is to analyze the influenee printing quality of different chemical surface
treatments used in printing and writing papers @sd identify the most relevant parameters forahkj

printing quality evaluation. For that, four papangples were studied.

Differences in the performance of the distinct slsmpvere detected, and interpreted in terms of the
different treatments. The results also revealatl tbntact angles measurements are a valuabléotool

predict paper’s inkjet printing behavior.
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INTRODUCTION

At present, there is an increasing demand concagthim quality of printing and writing paper grades
(P&W). The performance of this commodity dependshenproperties of the fibrous matrix and on the
characteristics of the paper surface, which adeented by the quality of the pulp fibers, thenefg
process, the chemicals added in the preparatidinecfurnish, the operations at the paper machide an
the modifications of the paper surfaté. These modifications include calendering and/anuical
treatments such as coating and surface sizihg © Today, chemical modifications of paper surface for
improving printing quality is a common practicepgapermaking and, as a consequence, there is a large
increase in the production of new chemicals thatrapecific end-use paper requirements.

For surface sizing, cationic starch alone or a un&tof cationic starch and a synthetic polymer are
used to control the hydrophilic character of paparface, preventing excessive absorption of liquids
and inks" 3. As depicted in Figure 1, a thin reticular matilm is formed at paper surface. This film
reduces the number and size of pores as well & papghness, and modifies paper surface energy, so
that not only liquid penetration but also liquidegding is attenuatéd® > Surface sizing is affected by
the sizing formulation properties (composition, casity, pH, temperature) as well as the paper
properties (basis weight, bulk, internal sizing,tevacontent and surface energy, porosity and
roughness}’ ® ”. However, these properties must be adequatelyaitett in order to avoid too much

penetration of the surface sizing agent in the tséteecture.
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Figure 1. Polymer-starch film formation on paper surfdce

For selecting the most appropriate surface sizgentafor a specific paper it is essential to test i
performance at lab scale. On one hand, paramdténg surface sized paper, like energy, porosity an
roughness, which largely influence ink spreadirgnpgiration and drying, have to be determined. On
the other hand, it is crucial to evaluate the é¢féécsurface sizing on printing quality. With thisgard,
and although the customer perception is still ingodr, it is necessary to use more objective prassdu
to access printing quality. In this context, optidansity, raggedness, sharpness, mottling, blgedin
line and dot quality and Gamut area are some ofrélevant properties that should be taken into
account when printing processes that involve loscesity fluids are used, as ink-jet printing, whose
inks are usually water bas&d "8

Many studies can be found in the open literatureceming paper coating and the characterization of
paper surface, both in physical and chemical tefitls However, not many studies have been
performed and published regarding surface sizinginef papers and the information related to the
parameters that should be measured in order taatesinkjet printing quality is scarce.

This study is part of a comprehensive work aimingralerstanding the mechanisms that rule surface
sizing of P&W paper grades, its interactions widp@r surface and its influence on the end-use paper
properties. Specifically, the objective of thisdstus to evaluate the influence of different suefazing

treatments on printing properties and to validateestricted set of parameters for an adequate



assessment of printing quality. It should be memthat this is a pioneer work as far as surfexegs
of eucalyptus pulps based papers is concernedd®@sgghe use of synthetic polymers for surfacagizi
in industry is still very limited and there is nergeral agreement on which printing parameters shoul

be considered for inkjet printing quality evaluatio

EXPERIMENTAL METHODS

A calendered commercial uncoated base paper (8¢) ghoduced with &ucalyptus globulugraft
pulp without any surface treatment (S0) was surfdzed with cationic starch (S1), with a blend of
cationic starch and co-styrene-maleic anhydridg €@ with another blend of cationic starch and co-
styrene-acrylate (S3), as described in Table Is@élsairface sized samples were no further calendered

Table 1. Sample description.

Sample Surface sizing formulation (% w/w)
SO No Surface Treatment
S1 100% Cationic Starch

80% of cationic starch

S2 20% of co-stryrene-maleic anhydride

80% of cationic starch

S3 20% of co-styrene-acrylate

The surface sizing formulations were applied usingathis laboratory coating device, SVA-IR-B,
which operates automatically with different velast of the applicator roll (Figure 2). A 0.15 mmnilro
was used and its velocity was adjusted to 6 m/min.

The drying process was performed in two steps:guamIR drier coupled to the applicator roll (1.0
kW drying intensity) followed by air drying for &¢ast 10 min. The total surface sizing pick-up ®ds

+0.3 g/nf.



Figure 2. Coating equipment used in the production of théase sized samples.

A schematic representation of the copolymers usethis work, computed using the software

ChemSketch, is presented in Figur€.3

(@) (b)

Figure 3. Schematic representation of the surface sizing,céastyrene-maleic anhydride ; (b) co-

styrene-acrylate.

The Styrene copolymers were selected due to tifeereht hydrophobic character (Maleic anhydride

is more hydrophobic than Acrylate). Some propertésthe compounds used in this work were



determined in laboratory and the results are ptedeim Table Il. The monomers proportion of each

copolymer was calculated based on elemental asatysasurements.

Table 2. Properties of the compounds used to produce tifi@cgusizing formulations.

Monomers Solids Molecular  Molar Surface
Compound Proportion Content pH weight VqurSne TfanS|on
(%) (g/mol) (cm’) (dine/cm)
Cationic starch n.a. 12.8 6.7 160.1 107.0 66.8
Co-styrene-maleic anhydride 3:1 14.9 8.4 410.5 ®59. 47.9
Co-styrent-acrylate 34 25.2 5.0 600.7 489.6 56.0

* The cationic starch suspension was collectedhatpaper mill, and includes othgrocess additives used in industry,
such as optical brightener (OBA) and salt.

For evaluating the impact of surface sizing on papeface properties and inkjet printability, cartta
angle measurements were performed with the Data3hgguipment OCAZ20, using the sessile drop
method'®. However, and since the results of the contacieamgasurements depend upon the samples
surface topography, namely paper roughness, preiyi3D topographical measurements were carried
out for the four samples, using the AltiMet penfiieter Altisurf 500 coupled with the PaperMap
software. For each sample, specimens of 4 x 4 mene scanned. From the 2000 profiles obtained for
each specimen the following parameters were cordpateerage roughness (Sam), defined as the
arithmetic average of the absolute values of thiase height deviations measured from the begtditt
plane; maximum peak height (Son) and maximum valley depth (Swm), both measured relatively
to the mean plane; and the interfacial area ra®idr,(%), which indicates the complexity of the
curvelinear surface compared to the support surfade this study, the influence of topography on the
contact angle measurements was accounted for by tre Wenzel correctiofi &

cos@) = Rlcos@') (Equation 1)

where 6 is the measured contact angdé,is the corrected contact angle and R is the togagcal

correction factor given by:



R:1+S_dr

10C (Equation 2)

In order to analyze the interaction between papgase and inkjet ink, static and dynamic contact
angles with black inkjet ink (drops ofjif) were measured. Additionally, and since inkjétsiare water
based (the usual inkjet inks compositiemn65% water, 30% humectant, 2-5 % dye or pigment2ahd
% surfactants and additivVeys both static and dynamic contact angles usingmeitops (1Qul) were
also measured. In fact, dynamic contact angles gilevant information on the way liquids spread
and/or absorbed at the paper surface, whereagdtie ®ontact angle measurements is used to assess
the initial paper wetting. In the latter, the negtdrop image immediately after application of ligeid
(< 3 s) was captured using a CCD camera and thiespnding contact angle was computed using the
Laplace-Young methot ?* For each sample, an average of 10 measurementsaomaidered. As for
the evolution of the contact angle with time, sisstee images of the ink or water drops were cagture
during five minutes and the corresponding contagieg drop volume and drop base diameter were
calculated using the Ellipse fitting meth&d At least three measurements were carried ouedch
sample and one of them was randomly selected ftindu analysis. The wetting velocity was then
derived from the contact angle values after 5 ahdetondsts andeo respectively), according to the

Tappi standard T458 om-88
. : g, -6, :
Wettingvelocity (°/sec)= T (Equation 3)

The absorption and spreading coefficients were caetp by using the drop volume and base

diameter, respectively, at several time intervatgording to following equations:

V.-V,

AbsorptionCoeficient= (Equation 4)

d .
SpreadingCoeficient= fd ' (Equation 5)




whereV andd are the drop volume and the drop base diametgrecéively, and the subscriptandf
stand for the initial and final values (after agnwtime interval).

Additionally to the measurement of the static watentact angle, other liquid probes with known
surface tension were tested for each sample, iardalderive the total solid surface energy and its
dispersive and polar components, valuable paramé&teoetter understand paper-ink interactions. The
OWRK method was applied in these calculations. Teory behind this method and the surface
tension values of the liquid probes used are @etailsewheré’®

To complement these results, inkjet printing gyalitas evaluated by measuring optical density,
gamut area and some line and dot quality parameterspecified mask printed on the paper samples.
These properties were chosen because the optioaitgl@and gamut area are well correlated with the
end users perception, whereas the line and dottyjpalrameters are commonly used in many paper
mills for evaluating printing quality.

As expressed in Equation 4, optical density (Dgiigen by the relation between the intensity of the
light reflected from a paper sheet before and giterting, | and } respectively (a higher value of
optical density means less ink penetratiohjOptical density measurements were performed biag
spectrophotometer Gretag D19C.

D= Ioglo(ll—‘} (Equation 4)

f

Gamut area, which corresponds to the range of dejible colours, is the area of the hexagon whose
vertices correspond to the pairs (a*, b*), whereaatl b* are the CIE Lab colour coordinates obtained
for each colour (cyan, yellow, magenta, green, biue red) and plotted as depicted in Figufé % In
this work, the colour coordinates were assessedsiyg the Datacolor spectrophotometer, Mercury

3000.
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Figure 4. Example of Gamut area’s graphic representatiopgiPa shows a better performance than

Paper 1 since larger the gamut area, greater teafgl of a paper to reproduce colours).

As for the line quality, line width, raggednessnfaasure of the contour irregularity), blurriness (a
measure of the sharpness of the outline betweemprihted and non printed areas) and inter-colour
bleed (a measure of the mixture between two adfacelours) were evaluated. Dot quality was
assessed by quantifying dot gain and circularitylide and dot quality measurements were performed

in the QEA portable digital microscope, Personade Analysis System (PIAS).

RESULTS AND DISCUSION

The results of the 3D topographical parameterpagsented in Table 3.

Table 3.3D topographical parameters of the paper samples.

Sample Sa@m) Sp@m) Sv@um) Sdr (%)

SO 2.87 8.37 10.73 10.27
S1 2.92 8.83 10.88 11.33
S2 2.72 8.14 10.50 9.23
S3 2.78 8.58 9.81 9.43

Sa - average roughness; Sp - maximum peak height;nsaximum
valley depth; Sdr - interfacial area ratio.



From these values it is possible to see that alpsas exhibit a similar surface topography, althoug
samples SO and S1 show slightly higher roughnésesaespecially with regard to the interfacialaare
ratio (Sdr). In spite of the small differences ba topographical parameters, the Wenzel correetem

applied to the average of the measured contace aadjies, and the results are listed in Table 4.

Table 4. Static contact angle values, measured and codresieg Wenzel's correction (Equation (1)
and (2)), for water and black ink.

Sample Measured values(®) Corrected values(®)
Water Black ink Water Black ink
SO 101.9+2.0 825+34 103.1 81.7
S1 30.4+2.0 25.9+0.6 39.2 36.1
S2 79.6+2.6 62.7+1.0 80.5 65.2
S3 57.0+1.3 574 +1.1 60.2 60.5

Comparing the contact angle values before and edteection, no significant differences are noticed
for samples SO, S2 and S3, whereas for sample&Sdothtact angle increases by approximately 30%,
as a consequence of the larger value of Sdr. Tihusay be concluded that the quite considerable
differences between the contact angles of the wargamples are most definitely a result of the
differences on the surface chemistry and surfazetsatment.

From Table 4 it is also evident the extremely daopntact angle values (> 90°) obtained for the
unsized sample (S0), indicating its excessivehhhigdrophobic character, consequence of the high
degree of internal sizing. It should be stressedidver, that this is a factor we can not contnotsithe
base paper was industrially produced. Similar tesfbr water contact angle measurements of
commercial office papers were obtained also byradiiéhors®™. All the other samples exhibit contact
angles inferior to 90° for both water and black, ibking those corresponding to the sample surface
sized only with cationic starch (sample S1) muclalin than those of samples S2 and S3, which

contain copolymers in the sizing formulation. Thias to be expected since cationic starch increases

10



the hydrophilic character of paper surface, whetbassynthetic sizing agents added to the starch,
although representing only 20% (w/w) of the sizfognulation of samples S2 and S3, attenuate the
starch’s hydrophilic effect and lead to a consibdkrancrement of the contact angles. On the other
hand, the large values measured for sample S2 elfeexplained by the fact of the Maleic anhydride
based copolymer being less hydrophilic than thaaflate.

From the comparison between the values obtained/dter and black ink, it can be noticed that the
former are in general superior to the latter. Tikig€ertainly related to the differences in the ildsu
surface tension (72 dynes/cm to the water and 3@yA6s/cm to the inf).

The evolution of contact angle with time, normatize relation to the initial contact angle, is éut

in Figures 5 and 6, respectively for water and lbia&.
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Figure 5. Water dynamic contact angles (normalized valueslation to the initial contact angle).

From Figure 5 it is clear that the samples possgsshigher affinity to water (S1 and S3) presast,
expected, an abrupt diminution of the contact aagla result of spreading and absorption phenomena.
Samples SO and S2 display very close behaviorshieiry a much smaller and smoother contact angle
decrease throughout time. This is caused by treng®r hydrophobic character of these samples
(although, as shown in Table 4, sample SO possassastact angle larger than 90° thus delayingmwate
wetting ). Although similar trends were observeahirthe results carried out with the black ink (Fegu

6), the profiles exhibit lower slopes, with samfig@ showing a stepwise behavior. This indicates that

11



spreading and absorption is less pronounced fekbik drops than for water drops, which is expecte

considering the lower ink surface tension.
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Figure 6. Black inkjet ink dynamic contact angles (normedizvalues in relation to the initial contact
angle).

In order to quantify these phenomena, the valueseohbsorption and spreading coefficients, derived
from Equations 4 and 5, respectively, together whit wetting velocities (Equation 3) are listed in
Table 5. Some difficulties were, however, experggh accurately measuring the drops volume (poor
reproducibility due to the wetting of the paperface) of various samples, and so the corresponding
absorption coefficients were not calculated.

Table 5. Absorption and Spreading coefficients (calculdtedn Equations 4 and 5 after 30 seconds),
and Wetting Velocity (Equation 3), for water anddX inkjet ink.

Sample Absorption (%) Spreading (%) Wetting Velocity (°/sec)
Water Black ink Water Black ink Water Black Ink
SO 0.054 0.020 0.019 0.011 0.081 0.045
S1 0.07¢ 0.28: 0.012 0.24¢ 0.08¢
S2 0.081 0.021 0.019 0.036 0.002
S3 0.241 0.242 0.033 0.531 0.015

For the cases where both absorption and spreadeffjaients are available, it can be noticed that t
former are in general larger than the latter, fothbwvater and black ink, confirming the predomiranc

of the absorption phenomenon. Furthermore, theivelaehavior of the spreading values as well as of

12



the wetting velocities is also as expected (Tablend Figures 5 and 6) corresponding the smaller

values to samples SO and S2.
To complement this study, and since the contacteateghnique also provides information on the

surface free energy and its dispersive and polarpoments; these parameters were also calculated,

being presented in Table 6.

Table 6.Surface free energy and corresponding dispersiggalar components for the different paper

samples.
Sample Surface Energy (mN/m)
Total Dispersive Component Polar Component
SO 39.53 39.49 0.04
S1 51.2¢ 35.4 15.8¢
S2 38.39 37.92 0.47
S3 42.39 38.52 3.87

From the analysis of this table, it can be condluttat the best performance of samples SO and S2
seems to be related to the smaller value of thefase energy, being the difference between them a
result of the larger polar component of sampleT3i&s is certainly caused by the surface sizing iadpl
to this sample which allows adequate initial weftimhile keeping a good dynamic behavior. This
permits to anticipate a better inkjet printing peniance of sample S2.

With regard to the printing quality parameters, dpéical density and gamut area results are listed

Tables 7 and 8, respectively.

Table 7. Optical Densities for distinct colours.

Optical Density

Sample
Black Cyan Magenta Yellow
SO 1.29 0.94 0.92 1.04
S1 1.53 1.02 1.04 1.01
S2 1.5¢ 1.0¢ 1.0% 1.00¢
S3 1.5 0.9¢ 1.0C 0.9¢
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The optical density values corresponding to thekblak are, as expected, much higher than those of
the other colours (50% higher). For this parameter differences between the paper samples argonot
obvious. Nevertheless sample S2 presents, in dershightly larger values, confirming that ink
retention at paper surface is more pronouncedgvdaimple SO presents, in general, the smallersjalue
indicating that in despite of the good behaviorti® dynamic contact angle measurements, the
excessive hydrophobic character tends to be pgaldor printing as previously mentioned. The bett
performance of sample S2 is, however, more notlegélbhe gamut area is considered (Table 8): the

highest value corresponds to sample S2, followeskyples S1, S3 and finally SO.

Table 8 .Gamut Areas for the different samples.

Sample Gamut Area

SO 6523.37
S1 7285.0°
S2 7432.2!
S3 6916.87

As for line and dot printing quality, which refletite image definition, the results are presented in

Tables 9 and 10.

Table 9.Line printing quality parameters.

Sample Horizontal Line*
Width (um) Raggednessgm) Blurriness (um) Inter Colour Bleed**
SO 345.42 10.42 135.43 50.64
S1 393.2: 10.8¢ 121.6¢ 39.9¢
S2 380.3¢ 8.9t 119.2% 42.27
S3 383.70 10.16 91.86 39.24

* The target for width is 35@m, while for raggedness, blurriness and inter coldaed the lowest value
corresponds to the best printing quality.

** Yellow-black bleed

14



Table 10 Dot printing quality parameters.

Sample Black Dot
Gain (%)* Circularity**
SO 420.8: 2.3C
S1 453.99 2.39
S2 420.47 2.03
S3 424.73 1.78

f Di

* Gain= , being Dand @Q , respectively the expected (initial) and theaited (final) values of dot diameter.

** The target for circularity is 1 (perfect cirgle

The analysis of these results is more difficulinthiaat of the previous ones. In fact, considerhng t
targets for each parameter, it may be concludedstiraples SO and S1 have the poorest performances,
however sample S2 does not present the most fdeovahies for all parameters. Such is the case of
blurriness, inter colour bleed and dot circularfpr these parameters, the best results (smallees)a
correspond to the samples with a more hydrophilidase (S1 or S3), which means that blurriness,
inter colour bleed and dot circularity are atteedatvhen ink absorption is more pronounced.
Therefore, it is legitimate to conclude that a @erdegree of hydrophilicity contributes to imprahe

printing definition. These results highlight thekiof analyzing the parameters individually/sepeyat

CONCLUSIONS

The contact angle measurement has proved to beyauseful tool to evaluate the influence of the
sizing formulation on the printing properties. Asnaatter of fact, considerable differences were
achieved between the values of the contact andgisned for the various paper samples, even after
correction for paper roughness. Moreover, the addit information about surface free energy and the
corresponding dispersive and polar components viss faund to be most valuable to explain

differences in sample behavior.
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As expected, the unsized paper (sample S0) wad ftmrexhibit a poor performance regarding
printing properties (despite the apparently favi@atariation profile of the contact angle with tirae)
as a consequence of the extremely high value ahttial contact angle, which delays ink absorption

In relation to the paper sized only with cationtarsh (sample S1), it was observed that the
combination of starch and synthetic surface siaggnts resulted in a significant increase in cantac
angle, depending on the hydrophobic charactereofthing agent: higher values were measured for the
samples including co-styrene-maleic anhydride (dan§®) than for those containing co-styrene-
acrylate (sample S3). The results concerning theacd angle evolution throughout time (dynamic
contact angle) also attributed the best performarfidbe sized papers to sample S2. These findings
were validated by the results obtained for optietsity and gamut area measured in a printed mask.
Being these two parameters very much related téuoes’s perception, it can be concluded that
contact angle measurements represent an efficietiiau to assess paper printing behavior, with the
advantage of being faster than many measuremeptantihg quality parameters.

However, and regarding line and dot quality (imdgénition parameters), it was found that a total
hydrophobic character may also be detrimental irtage parameters, emphasizing that there are
competing variables that must be taken into accdariact, paper surface treatment must be perfdrme

in such a way that some surface hydrophilic charastkept, allowing surface wetting.
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