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[image: image2.png]A conventional metal plate was used to prepare
the sheet of basepaper with high smoothness. The
basepapers prepared were coated with a coating
color formulated with 100 pph of kaolin (UW-90,
Georgla Kaolin), 15 pph of SB-latex (144-18,
Mitsui and 0.4 pph of
Sodium hexamethaphosphate with solids of 50%.
blade

basepaper was

Toatsu Kagaku Inc.),

Coating were performed with a manual
Perfect
achieved by triple coating under constant blade

coater. coverage of
pressures. The interface roughness was observed
and measured after two-pass calendering at 100
kg/cm line pressure and at 60 °C .
2.2 MEASUREMENT OF INTERFACE ROUGHNESS

To observe and measure the interface of

coated paper samples, only basepaper was removed
by dissolving in a 72% sulfuric acid solution.
The roughness of the interface was measured with
{SE-3,
Inc., Japan) and also observed and measured with
(ERA-8000, ELIONIX
Japan). The stylus profiles were obtained under
the following condition; 2048
sampled over scan length of 16.384 mm at a scan
speed of 0.2 mm/s, and profile number per each
profile

a stylus instrument Kosaka Laboratory

a topographic SEM Inc.,

points were

sample sheet was 10. 3-dimensional
images of the interfaces were observed by a
topographic SEM system (see Appendix A) and

their profile data was also calculated. The

measurement area was 240 m(X
direction)x 180u m(Y direction) wide. The
sampling interval was about 0.6z m in both
direction.

The interface or surface roughness was

evaluated by comparing the centerline average
(Ra) with decrease in the cut-off wavelength in
eliminating the waviness component from the
profiles.
was described in detail in Appendix B. From the
obtained by the

topographic SEM system, 36 line profiles in X-

The procedures of this calculation

3-dimensional profiles

direction were extracted at the constant
interval in Y-direction and calculated as well.
2.3 CONCENTRATION OF LATEX AT INTERFACE

Latex particles are supposed to migrate

toward or into basepaper as well as toward
surface in rapid drying. To investigate whether
or not the rapid drying rate suppresses binder
migration toward basepaper, latex concentration
on the basepaper interface of the coating was
compared to that on the surface.

Samples were prepared as follows; coating
first formulated with 100 pph of
calcium carbonate (Brilliant-15, Shiraishi Kogyo
Inc.), 12.1 pph of SB-latex, and 0.4 pph of

color was

hexamethaphosphate. The solids were 55 %. The
color was coated on commercial woodfree paper
with a wire bar (#16, Kumagai Riki Kogyo Inc.).
Hot air was sent out to a part of the surface
from a hand dryer fixed at a close distance.
Then, the basepaper interface of the coating was
exposed by dissolving basepaper in a
cupriethylenediamine solution with the coating
surface stuck to a polyester sheet.

The difference of latex concentrations of
coating surfaces between a case subjected to
hot air-forced drying and a case subjected to
room temperature drying was
surface analytical system (CS-9000C, Shoko Co.,
Ltd.). The difference

surface and on the interface was also examined

measured by a

between the coating

3. RESULTS AND DISCUSSION

3.1 INFLUENCE OF BASEPAPER ROUGHNESS ON
INTERFACE ROUGHNESS
The coating weight and Oken type smoothness

(equivalent to Bekk smoothness) of basepapers
and coated papers before and after calendering
were listed in Table 1. The coating surface

roughness before calendering reflects the
basepaper roughness 1in spite of sufficient
coverage with sufficient amount of coating above
20 g/m?. After calendering, the surface

smoothness was improved to the similar higher
level regardless of the difference in roughness
before calendering.

The image of surface and interface of the
coating obtained by the topographic SEM system
are shown in Photos 1 and 2, respectively. The
coating shown here was applied on the basepaper
to which a #400 sandpaper was pressed. These
photos visually represent that the interface

roughness is larger than the surface roughness.

Table 1 Coating weight and smoothness of
basepaper and coated paper

Sandpaper or plate #400  #600 #1000 #1500  PLATE

Basepaper 4.1 4.9 7.7 9.7 18.8
smoothness, s

Coating welght, g/m* 26.3 24.8 19.0 17.8 12.3

Coated paper
smoothness, s 42.9 50.0 168 219 1150
(before calendering}

Coated paper
smoothness, s 3700 3500 3800 3600 3500
{after calendering)
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ABSTRACT
The geometrical profile, namely, morphology
of the
significant factor affecting printing defects

coating/basepaper interface is a
such as mottling. The basepaper roughness does

not always regulate the interface roughness

because deformation of surface geometry is easy
to occur by absorption of water from coating

color. Moreover, the latex concentration of
both side of coating was also investigated.
Then, the surface and interface profiles were

measured by a topographic SEM system or stylus
with different
basepaper roughness. The result showed that the

instrument for coated papers

deformation occurred in a flocculation size
level, not in a fine order such as fiber size.
The latex concentration of the interface was

higher than that of the surface.

KEY WORDS
Coating, Surface profile, Interface, Topographic
SEM, Stylus instrument, Morphology

1. INTRODUCTION

Mottling is now among significant problems
on printability of
uneveness of coating welght and coating layer

coated paper. In-plane

thickness may be its causes as suggested by
Engstrom®> and Falter®’, respectively, as well
as binder migration.

In-plane uneveness of coating weight and
coating layer thickness are considered to change
in parallel, if coating density distribution is
assumed to be negligible even though it actually
exists a smaller extent. Moreover, roughness of
the coating/basepaper interface is also
considered to be proportional to coating weight
or coating layer thickness because coated paper

surface is much smoother than the interface.

It 1s not the surface
before coating that determines the
of the A high level of

deformation occurs on the basepaper surface in

roughness of
basepaper
roughness interface.
the processes of contact of aqueous color with
liquid phase into
fibers.
stemmed from

basepaper, absorption of

pores, and its absorption into
Skowronski®> suggested that it
debonding of interfiber bondings, swelling, and
relaxation of stress stored during drying. Such
effects are considered to cause roughening in
level of fiber or floc size at the interface.

In the present work, since the profile of
the interface,

expected to be closely related to mottling, the

namely its morphology. was
interface proflile was observed and measured by
the topographic SEM system*? with high
resolutions after it was forehands exposed by
dissolving and then removing basepaper

2. EXPERIMENTAL
2.1 SAMPLES

Since function to

basepaper has a
consolidate and color by
dehydration, The

accompanied by the

solidify coating

coating process is always

structural deformation of

basepaper surface. Although this deformation
may be related to roughness, formation, density
distribution of

basepaper, only surface

roughness was selected as a basepaper parameter

in this work. Paper with different surface
roughness would be normally available by
changing calendering intensity. However, to

prepare handsheets with the same formation and
density but different
surface of a sandpaper was pressed to the sample

surface roughness, the

sheet surface. The

procedures
Standard Method up to the couch press stage. The

sample

followed Tappi

sheet was pressed together with a
sandpaper, mounted to a drying ring, and dried.
The kind of #600,

#1000, and #1500 upward in order of smoothness.

the sandpapers were #400,
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[image: image3.png]Photo.1 Topographic SEM image of coating

surface.

Photo.2 Topographic SEM image of coating
interface.

Fig.1l shows the centerline average (Ra) of
the coating surface calculated from the

topographic SEM profiles corresponding to the
images such as Photo 1. Fig.2 shows the Ra of
the coating interface calculated from the stylus
profiles. The
geometry caused by a stylus tip could not been

deformation of surface

ignored in the case of such smooth and
deformable surface as coating. On the contrary,
the deformation affects the Ra value of the
interface relatively only a little because the
deformation amount in height direction is much
smaller than the interface roughness. Therefore,
interface are

stylus

the roughness of surface and
measured with a topographic SEM and a

instrument, respectively.
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Fig.1 Centerline average of coating surface with decrease in cut—off
wavelength calculated from topographic SEM profiles.
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Fig.2 Centerline average of coating/hasepaper interface with decrease in
cut-off wavelength calculated from stylus profile curves.

As shown in Fig.1, the Ra depends on the
basepaper roughness in the cut-off wavelength of

50 to 25 gz m (on a inverse scale). In the range

of more than 50 g m which includes the
wavelength of about 270 zm where good
correlation were obtained with Oken type
smoothness®”, distinctive dependence on

basepaper roughness of the Ra were not found.
That is why Oken type smoothness 1s not
different among all coated papers tested In this

work.





[image: image4.png]The Ra of the coatling interface shown in
Fig.2 were larger than that of the surface. The
change of the Ra denoted by #1000 indicates the
especially small value. That .is because the
coating layer only of the measurement area of
this sample was too thin. Then this curve has to
be
left out of consideration. In the range of
more than 270 z m In cut-off wavelength, that
is, in the waviness component, the Ra Increased
with increase In the smoothness of the
basepaper. In the range of less than 150 z m in

cut-off wavelength, that is, in the roughness

component, the Ra almost depended on the
basepaper roughness. The surface geometrical
deformation during color consolidation was
considered to ocecur in relatively larger
wavelength levels corresponding to the

flocculation size. In the fiber size level, the

deformation corresponds to the

geometrical
basepaper roughness before contact with color.
This result suggests that the stress stored in
drying was relaxed not in the microscopic level
such as the fiber size, but in the floc size

level.

3.2 CONCENTRATION OF LATEX AT INTERFACE
Fig.3 shows the latex concentration profile

on the surface and interface of the coating of
the coated paper prepared. The concentration on
both sides on each scan length was measured at
the same in-plane position. On the surface, the
latex concentration 1in the zone of hot air-
forced drying was lower than that in the other
zone of room temperature drying. Contrary to the
normal binder migration toward the surface, the
latex migrated from the surface in the zone of
hot air-forced drying. The phenomenon may result
from thinning of the color in that zone.

The latex concentration tended to be higher
on the interface than on the surface. Although
12.1 pph of latex was formulated in the color,
the latex concentration was higher than that
level. The tendency of higher or
concentration in the 2zone of hot air-forced
drying was not Then, the
described above that the latex was easy to

lower

found. inference
migrate toward the basepaper In the zone of hot
air-forced drying due to thinning of the color
was not reasonable.

4. CONCLUSIONS
On  examination of the
roughness on the

influence of

basepaper morphology of
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Fig.3 Comparison of latex concentration profile between on surface and
on interface of coating through hot air-forced drying zone.

coating/basepaper interface, deformation of

surface caused by application of

coating color occurred in the flocculation size

geometry

level, not in the microscopic level such as the
fiber size.

As for the composition of coating/basepaper
interface, the latex concentration on the
interface of coating 1s higher than that on the

surface.

APPENDIX
A. PRINCIPLE AND THEORY OF
TOPOGRAPHIC SEM SYSTEM
This SEM technique has been originally
developed by ELIONIX Inc. (3-7-6, Motoyama-cho,
Hachioji-shi, Tokyo, 192, Japan). Particularly,

secondary electrons as a beam source improved
spatial resolution and the S/N ratio. The four
detectors method applied in this system could
construct a reliable 3-D profile.
Suganuma*<’ introduced this
SEM's configuration and presented a method to

topographic

calculate a surface profile. The principle of
this system and the method of calculation of the
height data can be summarized as follows; Fig.4
simplified illustration of the
experimental system configuration in case of a

shows a

two detector's model, which constructs only 2-D
(1ine) profiles. Practically four detectors are
installed to profile. A

conventional SEM system shown in the dotted line

construct a 3-D
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Fig.4 Schematic diagram of the surface profile
measuring system by topographic SEM*>.

of Fig.4 has only one electron detector marked
with "A". this topographic
SEM has marked with "B".
Additionally, this system is equipped with the

On the contrary,
another detector
circuit for calculating addition or subtraction
of the two outputs from the detectors A and B.,

an automatic control system of a stub connected
with a microcomputer, printout devices, and so
on. Both detectors are facing toward the beam
irradiating point on the specimen at a distance
of 40mm from that
detectors' outputs'provides an image equivalent

polint. The sum of two

to an conventional SEM image derived from a
single detector, while their difference produces
an image sensitive to the surface topography of
" the specimen.

The principle of constructing topographic image
from two detectors' signal is illustrated in
Fig.5. Amount of electron beam signal detected
by detector A or B depends on the gradient of a
specimen surface. If the specimen has a profile
shown by the first line, the signals A and B
(detected by detectors A and B, respectively)
are indicated by the second, and third 1line,
respectively. The differential signal A-B, the
fourth
specimen surface itself. This signal forms a

line, represents the gradient of a
topographic image

observed when light is irradiated from A side.

image equivalent to the

Furthermore, integration of A-B gives a surface
profile, as shown by the last line.

Electron bheam
Detector

Fig.5 TIllustration of principle on which

topographic image is obtailned®’.

B. CALCULATION OF CENTERLINE AVERAGE

The method of calculating Ra is illustrated
in Fig. 6.
follows; a

The sequence of calculation is as

profile curve was converted to

Fourier series (B), although a profile curve
was not multiplied by Blackman's window because
an error in calculation after inverse fast
Fourier transform (IFFT) would be large with
multiplication
Fourier coefficients in the wavelength range of

less than 800 u m were replaced by zero, the

by a window function. When

modified Fouriler series was obtalned. A waviness
curve (C) was obtained from it by IFFT. In
contrast, Fourier coefficients in the wavelength
range of more than 800 z m were replaced by
zero. Then, the other modified Fourier series
was obtained. It was 1Inversely converted to the
other modified profile curve (D); this curve was
defined as a roughness curve. This 800 g m is
defined as a cut-off wavelength for calculation
of Ra. Then,
from this roughness curve by the least square

A reference line was calculated

method. A centerline parallel to the reference
line was drawn by shifting the average height of

all polints in the curve. Ra was

roughness
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Fig.6 Fourier analysis of profile curve.
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profile curve; {B) amplitude spectrum

obtained from (A) by FFT;  (C) waiviness curve of (A) obtained from the wavelength

range denoted by 'C« 'in (B) by IFFT;
wavelength range denoted by '— D' by IFFT.

calculated as an average distance between each
point and the centerline. In Ra calculation, the
cut-off wavelength of 800 rm is no;mally used
for paper samples, according to JIS. However,
the Ra value obtained from a roughness curve cut
off at the wavelength of 800 x m may not always
express the complicated surface features of
paper samples because paper is subjected to
deformation under various pressures. Therefore,
if the cut-off wavelength is varied, Ra values
are” obtained depending on the intensity or span

of deformation.
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