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AREH AZL9 &42 284 Jd (Chinmayanandam, 1919; Gate et al. 1973 Lee,
1974 Oittinen, 1980, 1983). B2 IAtet F4o] A9 HF T %S 3=,
ozldie A=A, YdaHoel, YAFTFY FHEA, cavitations, ¥, 1L WA F
Z 501 49 (Zang et al. 1994; Glatter et al. 1997 Ercan et al. 1998). H o= AHF
ol digh FFZ, vluFF T 4 g A+ % 29 ¥ A} (Donigian et al.
1997, Desjumaux et al. 2000). § 39 AQ& L vlug JIPUES] gEdyg S22
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2. 29 A= Py

— Coatings: laboratory draw—down coater.
— Base substrate: polyester (PE) film, matte type (75 gloss of 4.3%),
basis weight of 173.7 g/m®
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— Each set of coated samples are calendered with five different PE films with
different roughness values: the roughness is transferred to the coating layer by
the process. Details of the calendering step are in Jeon (2002).

— Sample codes are represented here as 'Pigment—Binder—Roughness', e.g.

'G1B06R1' means pigment G1, binder of 6 pph and roughness level '1".

Table 1. A summary of pigments used.

Pigment code Type Particle size, mm
G d calcium carbonate

G1 round calciu 0.32
(GCC), 96% < 2

G2 GCC, 60% < 2um) 1.5

Precipitated calcium carbonate

P1 0.3
(PCC) — Rhombo

P2 Prismatic 0.6

P3 Prismatic 2.2

PP Plastic pigment 0.13

Table 3.Coating formulation for full—scale sample preparation.

Components Particle Size* SAMPLE CODE

Generic Class or type ((m) Gl Series*** G2 Series  P1 Series P2 Series  P3 Series
GCC Gl (96%<2um) 0.32 100

G2 (60%<2um) 1.50 100
PCC P1 (Rhombo) 0.30 100

P2 (Prismatic) 0.60 100

P3 (Prismatic) 2.20 100
PP Polystyrene 0.13 S+ 5 5 5 5
Binder SB Latex 0.17 6,10,15,20*+ 6,10,15,20 10,15,20,30,40  10,20,30,40 10,20,30,40
Lubricant | Calcium stearate - 0.5** 0.5 0.5 0.5 0.5
pH control NaOH - targetted to pH 8.5

PVC level (%) 88,81,74,68  88,81,74,68 81,74,68,59,52 81,68,59,52  81,68,59,52

* From manufacturers, **Parts per hundred to pigment, ** *Each series has 5 levels in roughness.
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— Seasoning and measurements: standard room at 23°C, 50RH%
— Gloss : 75 gloss (T 480 om—92).
60 gloss (ISO 2813)
— A stylus profilometer: Alpha—Step 200TM, Tencor Instruments.
The scan lengths of 400, force of 7 mg.
— The pore size distribution: mercury porosimetry. Surface tension of 485 dyne/cm
and contact angle of 130°
— The printing test: laboratory printability tester (KRK™ print tester).
- The ink: commercial cyan quickset ink, 1.5~3.0 g/m®
(Capiplus III Process Cyan, Flint Ink Co.).

.AYEAR L EE

The pore size distributions of the samples are presented in [Figure 1]. Each
pigment series has almost the same pore size while their porosities varied with binder
content. Relationships between roughness and gloss can be found in Jeon (2002) as
well as details of the structural measurements and electron microscope pictures of the

coatings.
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Figure 1. Pore size distribution of the different coatings.
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[Figures 2] reports the print gloss for each sample series at 1.5 and 3.0 g/m® ink
level. The effect of coating gloss is consistent all over the given range. The gaps
between series are due to their different pore size and porosity. Though it may be
hard to see the rank of the series in print gloss, it could be observed that the results
are positioned depending on their pore size and porosity; a series with larger pore size
and/or small porosity produces higher print gloss. As evidenced in [Figure 2], G1
series with the smallest pore size of 39 nm has the lowest gloss. The P3 series, with
the largest pore size of 153 nm, produced the highest print gloss at a given roughness
levels. Other pigment series, G2, P1, and P2, are close and crossed each other due to
their small difference in pore size and porosity.

There is a steep drop in print gloss below 25 gloss units of polyester film. Most of
coated samples also show a similar drastic change in print gloss in the low paper gloss
region or the large roughness region. These results indicate that roughness can retard
the ink film leveling process. In general, high inking levels increase the print gloss
and reduce the roughness effect. The P3 series is almost flat at the ink level of 3.0
g/m?®, but the overall dependency of print gloss on roughness is still evident for the

other samples.

500 [ —
Polyester series
90 ¥ %0
|
80 80
- G1 grou

w 70 group . ™
8 g ‘_
] o '
g o g ® ;
z H
& s5p § 50 :
0 40 i
|
. A
30 " Zero deta Ink on sample: 30 o Zerodelta nkonsanple: |
. gloss fine 1.5 g/ gloss tine ogne |
20 o S— 20 = J

0 10 20 30 40 S0 60 70 80 90 100 ¢ 10 20 30 4 5S¢ 6 70 8 80 100
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’o G1B06 0 G2B06 4 P1B10 A F2B10 m P3B10 XPEW'J lo G1B0S o G2B06 4 PIB10 4 PIBAO 5 F2B10 & FIB10 xFEﬂm]

Figure 2. Print 75° gloss of coatings as a function of paper gloss at 1.5 g/m® and 3.0

g/m” ink on samples.
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When the print gloss is plotted in terms of coating surface roughness, as in {Figure
3], the steep drop in gloss is not seen. The change of print gloss of P3 series and G2
series is almost parallel with that of polyester series especially at high inking levels.
Therefore, the ink film on those coatings may have a longer time to level. The 75°
gloss becomes less sensitive over high gloss range. [Figure 4] reports the ink gloss

in terms of 60° gloss. This now separates the high gloss results into different values.

Folyester series

X —

Print 75 Gloss
Print 75 Gloss

\\ 401 pkon sample

x 309

0 100 200 300 400 500 600 700 800 900
[} 100 200 300 400 500 600 700 800 900

Roughness Ra (nm}
{o G1B06 o G2806 A P1B10 2 FZB10 m P3B10 X FEfikms | « G1BO6 © G2BO6 4 PIB10 A P2B10 M F3B10 x nmn?]

Roughness {hm)

Figure 3. Print 75° gloss of coatings as a function of roughness at 1.5g/m” and 3.0g/m®

ink on samples.

Other results at different inking conditions are in Jeon (2002), but the results follow
these general trends. At low inking level, the 75° print gloss of coated samples
reaches that of polyester films, but for the 60° print gloss, coated samples are greater
than that of polyester films. The print gloss of P3 series, which is almost parallel to
that of polyester films, shows a significant effect of roughness. Because of this clarity
in differentiation between samples, the following analysis is done in terms of 60°
gloss. The plots of 60° vs. 75° gloss is also given in the graph in order that the values
can be converted.

Overall, the effect of roughness on print gloss extended over a wide range unless
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coating is non—porous. Even at ink film thicknesses much greater than the roughness,

the influence of roughness on print gloss is seen.
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Figure 4. Print 60° gloss as a function of paper gloss at 1.5 g/m? and 3.0 g/m’ ink on

samples.

Overall Dependency of Print Gloss on Pore Structure

The print gloss at given roughness levels is extracted using interpolation from the
fitted curves and the results are plotted as a function of porosity and coating gloss in
[Figure 5]. Each series represents the print gloss at a certain base gloss level.
Though the data in each series has scatter due to the difference in pore size, the trend
lines show the overall dependency of print gloss on porosity. The gaps between the
series indicates that the roughness effect produces a systematic change in print gloss.
The porosity influence is strong in the high paper gloss region. The slope
distribution should be interpreted with caution; relatively mild slope in low paper
gloss series may have a significantly large change in 75° gloss. The increase in

print gloss of low paper gloss series is noticeable to the similar parallel tracks of
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other series. Therefore, the effect of porosity seems to be strong as the ink film

thickness increases.

100 0
20 ' w0¢
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Figure 5. Overall trend of the relationship between print 60° gloss and porosity at 1.5

g/m? (left)) and 2.5 g/m® (right) ink on samples. No trend line given for '80' series due

to missing data set.

Overall effect of pore size is found in a similar way. The results are presented in

[Figure 61, at the ink levels of 1.5 and 2.5 g/m”. The relation is rather convex shape

and the change in print gloss is even larger than the case of pore volume within a

given range of parameters. A coating with larger pore size often produces a higher

print gloss regardless of paper roughness. As observed in porosity effect, influence of

pore size also became stronger over the low print gloss series in the higher ink film

thickness.
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Figure 6. Overall trend of the relationship between print 60° gloss and pore size at 1.5

g/m® (Left) and 2.5 g/m’ (Right) ink on samples.

Significance of Each Structural Factors by Statistical Analysis

The print gloss is extracted at given porosity levels to obtain a set of designed
experimental data with three independent factors and analyzed the significance of the
involved factors. The main effects are determined for the entire parameter range. The
result is given in [Figure 7]; paper gloss ranged from 15~80 gloss units at 75° gloss,
pore size from 39 to 86 nm, and porosity from 16 to 32%. The effect of roughness is
larger than the other parameters. The pore size effect is second in significance.
Visualized results of fitted response surface are given in Jeon (2002). Therefore,
these results indicate that once the gloss level of paper is determined, the pore size is

considered to be more important than porosity in determining print gloss.
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Pareto Chart of Standardized Effects; Variable: PRINT GLOSS
3 factors, 1 Blocks, 214 Runs; MS Residual=11.91883

p=.05

(1)GLOSS(L) i 63.267

(3)PORESIZE(L)

(2)POROSITY(L) ;13.9469

PORESIZE(Q) 724373

1Lby3L - 7.i7566

ilby2L 4,0833:24

2byaL
POROSITY(Q)

-3.40475
B 3.203406

GLOSS(Q) B 190139 ¢

-10 0 10 20 30 40 50 60 70
Effect Estimate (Standardized value}

Figure 7. The result of main effects analysis for print gloss over all parameter ranges.
The effects are from ANOVA estimates. The effects above p=0.05 are accepted as

statistically significant. Here, 'p' is referred to reliability.

In a practical éense, no single paper grade has the gloss range in this work.
Therefore, the data are sectioned into two blocks based on the gloss level such that
the gloss up to 40 gloss units may represent for matt and/or dull grade surface while
the above for gloss and glossy grade. [Figure 8] describes the obtained result from
the low paper gloss range data. The effects between roughness and pore structure
remain in the same order as the overall results, but the gap became smaller. In
summary for the low paper gloss range, the roughness effect is in the strongest
position, but the competitiveness is high with pore size following by porosity.
Therefore, even in the high roughness (low gloss) range, refined control of pore

structure is important.
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Pareto Chart of Standardized Effects; Variable: Print gloss over low paper gloss
3 factors, 1 Biocks, 121 Runs; MS Residual=9.04317

(yoLoss(L) K B1758
(3)PoRE size(L) I
(2)POROSITY(L)
POROSITY(Q) [k
1LbyaL.

20 by3L S
PORE_SIZE(Q) [

1Lby2L. i

5 [¢] 5 10 15 20 25 30
Effect Estimate {Standardized vaiue)

Figure 8. The result of main effect analysis for print gloss over low paper gloss ranges;

(up to 40 gloss units at 75° geometry).

The second section of analysis is done for the above 40 gloss units up to 70 gloss
units. The result of main effects is given in [Figure 9]. The pore size effect is
equivalent or even larger than the paper gloss influence. Since porosity effect is
relatively small and far below from these two factors, the significance is much on the
pore size in the high paper gloss region. In a practical sense, the structural difference
from various products may lie in the pore size rather than paper gloss since it is

controlled for a specific grade.
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Pareto Chart of Standardized Effects; Variable: Print gloss for high paper gloss
3 factors, 1 Blocks, 111 Runs; MS Residual=4.810496

p=.05

(3)PORE SIZE(L) ) 45,0043

(1)GLOSS(L) ) 1007026

(2POROSITY(L) .zm:u

PORE SIZE(Q) -155.3013

2Lby3L

1Loy2L

5 0 5 10 15 20 25 30 35 40 45 S50 55
Effect Estimate {(Standardized value)

Figure 9. The result of main effect analysis for print gloss over high paper gloss

ranges; (40 ~ 70 gloss units at 75° geometry).

4.4 &

A well defined set of coatings with systematic change in roughness, pore size, and
porosity is generated and analyzed with respect to the print gloss development for
several ink layer thicknesses. Increasing ink levels increases the print gloss to a
plateau for most surfaces. Coating surface roughness influences print gloss in all
ranges, even when the ink thickness is virtually larger than the surface roughness.
Print gloss of coatings with low porosity and large pores had a small dependency on
roughness. Coating porosity had a strong influence on print gloss at low values of
porosity, but at moderate levels, the influence is weak. The effect of pore size is
stronger than porosity at a given roughness level and strongest at glossy region. The
print gloss must be interpreted with setting and/or tack dynamics, which will be dealt

in other paper.
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