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GCC

PCC

Ca(OH), CO, -
CaCO, H,0

High-Solids Coating

70 67-70% Nat. Ground
Calcium Carbonate|
| s, ORI G2 oo
: 56% SoT " 98% <2 pm
g * 90% <2 ym
= a0
(7]
@
S a0
(]
* a0 " 50% <2 pm
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100 pts. U.S. Clay No. 2 ¢———— 0 pts. U.S. Clay No. 2

0 pts. Nat. Ground CaC0O3 ——————————— 100 pts. Nat. Ground CaCO3
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. TiO,

, g/cm3

2.72 3.8-4.2 6.0-6.5
2.55 3.7-3.9 5.5-6.0
1.57 2.6 1.5-2.0
1.56 2.6 1.5-2.0
1.66 2.7 3.0
1.57 2.9 3.0
1.57 2.6 2.5-3.5
1.45 2.4
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X X-Ray Fluorescense Spectrometry)

X

SEM-EDX(Energy Dispersive X-ray analysis)

Si
\
ﬂﬁ Inkjet paper

Pt Cl Pd

/\ A2-coat paper for offset \Ca
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2000
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SIOZ 1500 -
. %1000 -
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X-ray Energy, keV
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PVC/

pph

PVC

100

oy {
PVC70% / 16 pph
PVC70%( 16php, 43vhp)

/.

PVC50% / 37 pph
PVC50%(37php, 100vhp)

< . ‘\_, ® N
PVC80% / 9 pph
PYCB0%( 9php, 25vhp)

1 LIPVC90% / 4 pph

&

_ WPVC60% / 25 pph

PVC90%( aphp, 11vhp)

PVCE0%(25php, 67vhp)
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VOLUME/AREA, cm3/cm?

-

L]

0

APPLIED FD-0

A

FCC SCC RT+OV+R AG OV IR

DRYING CONDITIONS

FCC

SCC
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Latex concentration near surface

Starch phosphate used

Hot air drying Room temp. drying

1 1 1 1 1 [ 1 1 1 1 1

-60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60
Relative position, mm
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Latex concentration near surface

&

&£

M,AA‘
o Dextrin, 5pph

Starch phosphate, 5ppﬁ.
0000000,

Hot air drying Room temp. drying

1 1

-60

-50 -40 -30 -20 -10 O 10 20 30 40 50 60
Relative position,mm
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Starch concentration near surface

Hot air drying

O Glucose, 5pph
W Dextrin, 5pph
I Starch phosphate, 5pph

Formulation level

Room temp. drying
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Evaporation

TTH

D|ffu5|on\z I
Pigment particle O.O O O t}@'é‘@'

Latex particle O*O OIO *'O'Q O.Q
Starch solution D OIO O QIO O*O

Applied Evaporating

v

o-go-o- OsCeOey OO0
8- Oy« D100 « OO0,
O OO0 OOIOG
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| I

Balance A\Wp

Ws= M, + M- B, - B,
W,= M B,

B, =W, - W, + Mg
V= Bs /dyq
dpg~13.55 g/cm?3
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m PET

s PET 35 mm

ml.17g Ws=56.62g
Wb=64.85¢
2.62 g/cm3 100 pph
1.05 g/cm® 14 pph

- ¢

SB

Ws=65.11(Mf)+1.17(Ms)-Bs-0.26(Bh)=56.62 g
Wb=65.11(Mf)-0.26(Bh)=64.85 g
Bs=64.85(Wb)-56.62(Ws)+1.17(Ms)=9.4 g
Vs=9.4/13.55=0.694 cm?
d=2.62g/cm® 100pph
SB d=1.05g/cm® 14pph
X g 117 g

X+14x/100=1.14x=1.17 x=1.03 g

Vs = 1.03/2.62+1.03*13/100/1.05 cm3=0.521 cm?3

Vs=0.694cm? =(0.694-0.521)/0.521=0.332=  33%
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Porosity, %

42

40

38

36

34

32

30

Ingredient Content,

pph
cabonate
Clay 70
Polyacrylate 1
SB-latex 6, 10 and 14
Starch 2
Solids 55%

9 11

Latex content, pph

13

15
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Porosity, %

52

51

50

49

48

47

46

45

¢ .~ v D X 6 o -»
SO YL LL &S

Ingredient Content,
pph

Calcium 100

carbonate

Polyacrylate 1

SB-latex 10

CMC 1

Cellouronic 1

acid

PVA 1

Starch 1
Solids 25%
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(Kubelka-Munk)

=0 @_io I o
_ @' Sidx T J-(S+K)jdx
dx I T T Kidx Kjdx &
i-(S+K)idx Ty Sidx
x=W Uiy i
X=X di dj

di = —(S + K)idx + Sjdx| |- dj = —(S + K jdx + Sidx

j—;:{(S+K)2+Sz}i 3:3:{(S+K)2+52}j




(Kubelka-Munk)

x=0 i=iy, j=jo, R=j/iy

x=W i=iW, j=jw, R =jWIW (R,
), T=iyig(T )

X= oo R=R (R )

R_1—Rg(a—bctghbSW) . b

~ a+bctghbSW R, " asinhbSW +bcoshbSW
(sinh _e-e” , cosh= e +exj
2 2

S: , Ry , R
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|

m
|

[ 199 um 178 g/m2
|

| 41 um 39 g/m2

To figure out output characteristics, a standard film called
Density Step Tablet was used. This tablet is a film consisting
of portions at several different densities calibrated in a
standard manner.

Besides, plastic film that is colored blue, but transparent and
tracing paper that is of low light scattering for paper, but
translucent were used. Some sheets of them were stacked
and measured.
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0.2 r 11
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0.0 ‘ ‘ ‘ 0
0 10 20 30 40

Number of sheets stacked

This figure shows optical density and specific light scattering
coefficient measured by Elrepho for the plastic film and the
tracing paper.

Optical density of the plastic film, filled squares, was exactly
proportional to the number of sheets.

This is explained by Lambert's law. Lambert's law applies
limitedly to the case that light scattering is negligible.
Accordingly, the coefficient was very low.

For the tracing paper, open squares, optical density was not
proportional to the number of sheets.

This behavior is typical to paper having many fiber-air interfaces
that tend to scatter light, as taught by the Kubelka-Munk equation.

Specific light scattering coefficient is about 8 for this tracing
paper while, for common wood-free paper, it ranges from 30 to
40.
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/0=

As a standard apparatus to determine optical density,
Elrepho type reflectometer consisting of an integrating
sphere with D65 diffuse illuminant and normal observer.

Optical density was determined from brightness and single
sheet reflectance measured by Elrepho as well as from basis
weight according to the Kubelka-Munk equation.
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m 457 nm
[ ]

(%)
89
825
- 13.0 g/m? 80.9
- 15.2 g/m? 85.6
55-60
91

As a standard apparatus to determine optical density,
Elrepho type reflectometer consisting of an integrating
sphere with D65 diffuse illuminant and normal observer.

Optical density was determined from brightness and single
sheet reflectance measured by Elrepho as well as from basis
weight according to the Kubelka-Munk equation.
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Light trap — Paper stack —|

= 89% I——

Opacity paper backing R, R

oo

560 nm

As a standard apparatus to determine optical density,
Elrepho type reflectometer consisting of an integrating
sphere with D65 diffuse illuminant and normal observer.

Optical density was determined from brightness and single
sheet reflectance measured by Elrepho as well as from basis
weight according to the Kubelka-Munk equation.
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20

10°

C/2°
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6=75° 1/,

n 1.567
73° 100 % 26.46 %

As a standard apparatus to determine optical density,
Elrepho type reflectometer consisting of an integrating
sphere with D65 diffuse illuminant and normal observer.

Optical density was determined from brightness and single
sheet reflectance measured by Elrepho as well as from basis
weight according to the Kubelka-Munk equation.
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As a standard apparatus to determine optical density,
Elrepho type reflectometer consisting of an integrating
sphere with D65 diffuse illuminant and normal observer.

Optical density was determined from brightness and single
sheet reflectance measured by Elrepho as well as from basis
weight according to the Kubelka-Munk equation.
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Air out

Light source

Airinat
certain RHII

| Sample stage ﬂ/

N

Shaft connected with
balance

Air inat

. certain RH

To acquire a roughening phenomenon quantitatively, we
developed an apparatus to measure gloss changes. This is a
sketch of the GlossMachine. A paper sample is attached to a
metal stage with two-sided adhesive tape. The stage is
directly supported on a top-loading balance so that sample
weight can be converted into moisture content. The chamber
ceiling is equipped with a light source and detector for gloss
measurement set at equidistant angles of 75 degrees. A
metal plate is used as a reference. The ratio of paper gloss to
that of the reference plate provides a relative gloss value.
This system is for compensating for electrical drift and for
eliminating absorption of light in the near infrared band by
water vapor. Humid air or dry air is supplied through small
openings.
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Results.

This figure shows changes in gloss and moisture content for
supercalendered uncoated wood-containing paper. After
drying, the sample was moistened at 90%. On switching to
90%, the moisture content quickly increased and continued
to increase even after 12 hours. Gloss decreased
correspondingly, but its initial rate of decrease was lower
than the rate of moisture pickup. The fact that gloss lags
behind moisture pickup and is still decreasing well after the
equilibrium at surface suggests that the surface continues to
reflect the reconfiguration of fibers across the bulk even
after a long time. In this sense, gloss relaxation can be
considered, paradoxically, as a "bulk" process.
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This figure shows the gloss relaxation and moisture content
change as relative humidity was varied cyclically. Moisture
content changed the same way every cycle. However, the
gloss dropped step-by step during the humidity cycles. This
way, gloss reduction was accompanied by irreversible
changes as if mechanical stress relaxation had occurred.

90



103



CLSM

104



>

LSM 510

>

105



106



107



Plan-Neofluar 40X/0.75
230.3><230.3 pm?
1024>=<1024
0.60 um

20

30 60
FITC/Rhod/Cy5

10 20%
Pixus 950i
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Color of ink-jet ink emitting Magenta Black
fluorescence

Fluorescence dye type Rhod Cy5
Optimum exciting wavelength, 550

nm

Maximum fluorescence 667

wavelength, nm

Wavelength and intensity of
irradiation laser, nm
Wavelength of reflected light
filtered, nm

Pseudo-color in image

543 (100 %) 633 (80 %)

560- >
Red Blue
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Grade Basis weight, g/m?  60° Gloss
Photo quality (A) 295.9 39
Photo quality (B) 232.3 32
High gloss type (C) 193.2 44
High gloss type (D) 183.5 57
Medium grade (E) 108.6 3
Medium grade (F) 100.1 3
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10pm
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E,F

C,D
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D view of ink-jet dots
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D view of ink-jet dots
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D view of ink-jet inks
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D view of ink-jet dots
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D view of ink-jet inks
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D view of ink-jet dots
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