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Abstract Introduction

We describe the development of micro-porous paper thathere has been increasing interest in receiving sheets
meets the demands on print-quality in different types ohaving porous layers for use in digital printing. The porous
digital printing. The paper contains a micro-porous layesheets can be used in a wide range of applications often for
that has a surface pore diameter of 0.5 tou80 and a their porosity, low thermal conductivity and high
density of 0.2 to 0.5 g/cinThe micro-porous layer can be compressibility, or for the three characteristics combined.
easily obtained by coating a sheet substrate with a resin- For example, Imoto et alhave reported that a porous
containing liquid stirred forming bubbles. Application areasintermediate layer enhances sensitivity of the receiving
for the micro-porous paper in digital printing include sheet for thermal dye diffusion transfer printing due to its
thermal wax transfer, thermal dye diffusion, direct thermalheat-insulating nature and elastic property. Takei ehave
solid inkjet and toner-based marking. utilized a hollow particles as a heat-insulator distributed in
In the first application, the micro-porous layer acts aghe intermediate layer for direct thermal paper in order to
an ink-receiving layer (see Figure 1) due to the heatenhance the sensitivity. There have also been various
insulating nature, the compressibility and the surfaceeports describing the use of porous layers in direct thermal
structure. The micro-porous paper has a thermabrinting.
conductivity of 0.25 W/(nk) or less. The compression Recently both Yamada et ahnd Tanaka et alhave
stress of the micro-porous layer under a compression afescribed a thermal wax transfer system which utilizes a
10% by volume is controlled to 8 kg/€nor less. The large number of fine pores distributed on the surface of the
molten ink permeates sufficiently into the region of theink-receiving sheet. In addition, Korol has reviewed that
micro-porous surface layer due to the presence of a lardbese fine pores on the surface play an important roll
number (3,000/mfor more) of fine pores distributed on especially in thermal wax transfer printing because this
the surface. Thus the micro-porous surface layer enhancegstem requires not only low thermal conductivity and high
color density, dot reproducibility and continuous tonecompressibility but also a high affinity to wax inkn this
reproducibility in this application. system the molten ink permeates into the micro-porous
surface layer due to the plurality of capillaries. The ink-
receiving layer containing fine pores has been prepared in
an indirect method as follows: a resin coating layer
containing a water-soluble component is formed and then
the water-soluble component is extracted and voids are
generated by this eliminatidn.
However, from the industrial point of view, it is clearly
_ preferable to find a direct method. The simplest route to
| Printed obtain micro-porous paper having fine pores on the surface
dot is to coat a sheet substrate with a coating mixture containing
fine air bubbles. In our own research program we have
focused on the preparation using a mechanical stirring
method of introducing and dispersing air bubbles in a resin-
containing liquid.
In the present work we describe the preparation,
characterization and application (with particular emphasis

Figure 1. Surface view of a micro-porous layer for use in thermap, , thermal wax transfer printing) of our micro-porous paper
wax transfer printing sheets
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Experiment Z-axis direction, and then their stress-strain curves were
monitored. The compression stresses under a compression
Preparation of Micro-Porous Paper Sheets of 10 % by volume were determined from the stress-strain

A typical preparation of micro-porous paper sheet isurves.
shown as follows: A mixture of air with a coating liquid
(solid content of 30%) containing the composition given inPrint-Quality of the Micro-Porous Paper Sheets
Table 1 was stirred in a closed system at a mixing volume The micro-porous paper sheets (MpP1 and MpP2) and
ratio of air/liquid=0.5/1.0 with constant stirring of 1500 rpm the plain paper sheet were evaluated for use in thermal wax
using a continuous whipping machine. In this preparatiotransfer printing in terms of their color density, dot
air and coating liquid were continuously fed into the closedeproducibility and continuous tone reproducibility.
system (0.17kg/min.). A large number of fine and dispersed The images in 10 energy levels of continuous color
air bubbles were observed in the resulting mixture. tone were printed on these samples using MD-5000 thermal
Immediately after the bubbling treatment, one surfacavax transfer printer manufactured by Alps Electric Co., Ltd.
of a plain paper sheet having a weight of 127.9°glims  and Corel DRAW software.
coated with the fine bubble-containing mixture using an A MacBeth reflective color density meter and an APQS
applicator bar in a dry amount of 10 §/fihe coating was automated image analysis system manufactured by Oji
then dried so as to obtain a paper having a micro-poroBcientific Instruments Co., Ltd. were used in order to

layer (Sample ID. MpP1). quantify the print-quality of our micro-porous paper sheets.
The same procedures as described above were carried ) )
out except that the mixing volume ratio was changed to Results and Discussion

air/liquid=2.0/1.0 (Sample ID. MpP2).
Preparation and Characterization of the Coating

Table 1. Composition of the coating liquid Mixture, the Micro-Porous Layer and Paper Sheets
Part by solid Our experimental data on the coating mixture, the
Component weight micro-porous layers and the corresponding paper sheets are
Aqueous resin: Polyurethane 100 presented in Table 2, 3 and 4, respectively.
Foam stabilizer: Salt of long-chain fatty acid 5.0 The bubble size in the coating mixture is influenced by
Viscosity control agent: Cellulose derivative 3.0 the mixing ratio of air with coating liquid as presented in

Table 2, with rather smaller levels being obtained at higher
Characterization of the Micro-Porous Layers and Paper air volume. Presumably this is due to the difference in air

Sheets pressure of the closed system. Air may be easily introduced
The micro-porous layers have been characterized iito the coating liquid and dispersed in the coating mixture
terms of their density and pore size distribution. under high air pressure owing to high air volume. As a

The densities of the micro-porous layers wereresult smaller pores on the surface of micro-porous paper
calculated from the thickness and weight data of theheets were obtained when the air volume of coating
corresponding micro-porous paper sheets (MpP1 an@ixture was higher.

MpP2) and the substrate paper (plain paper) assuming

simple subtraction. Table 2. Experimental data on the coating mixture

An approximate ‘equivalent circle’ number-average _ Bubble evaluation
pore size, range and number were determined for the micro- Airl
porous surface layers by counting more than 10,000 pores liquid Bubble sizem) |
on several optical micro-graphs using DotAnalyzer-50005 volume umber
digital image analyzer manufactured by Oji Scientific o ratio | Number | .o | /mm
Instruments CO., Ltd. Coatlng mixture average

The micro-porous paper sheets (MpP1 and MpP2) haye ~ MpP1 05107 102 | 0526.1 ) 3100
been characterized in terms of their thermal conductivity MpP2 2.0:1.0 4.8 0.5-14.7 | 16000

and compressibility. ) o _

Thermal conductivity measurements were made on The key technology in obtaining a successful micro-
both the micro-porous paper sheets and a plain paper shé@@ous paper sheet for digital printing is how to control the
by a laser flash method previously repottesing LF/TCM  pore size distribution in the micro-porous layer. In other
(FA8510B type) instrument manufactured by Rigakuwords controlling bubble size distribution in the coating
Cooperation. mixture is a key since there is clearly a strong correlation

The Compression stresses of our micro_porous papé}etween the pore size d|Str|bUt|On and the bubble size
sheets (MpP1 and MpP2) and the plain paper sheet weféstribution as presented in Table 2 and 3. We have
determined using Strograph-M2 tensile compression appa@xtensively examined the effect of other factors for
atus manufactured by Toyo Seiki Seisakusho under theontrolling the bubble size distribution such as the stirring
following conditions: the micro-porous paper sheets and théPeed, rheology of the coating liquid and the nature of the
plain paper were compressed at a rate of 0.5mm/min in the
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component in the coating liquid. These results will be In order to address this question we assumed that the
reported elsewhefe. pore size distribution on the surface of micro-porous paper
sheets affects both the color density and the dot

Table 3. Experimental data on the micro-porous layers reproducibility in thermal wax transfer system. We

Surface pore evaluation observed t_he_ micro_—porous su_rface pores after thermal wax
Density 5 i transfer printing using an optical microscope (not shoyvn).
- (g/cn) ore sizelim) Number | The observation yielded useful, albeit qualitative,
Micro-porous Number Range Imirr? information on the print-quality. The larger the pore size,
layer average the higher the ink-receiving capacity which enhances the
MpP1 0.45 103 | 05-29.2| 2600 color density of micro-porous paper sheet. Whereas the
MpP2 0.18 4.9 0.5-159| 15700 smaller the pore size, the higher uniformity of dots at least

in part due to the capillary attraction. We conclude that the

As anticipated, the thermal conductivities of the micro-pore size of these micro-porous paper sheets closely relates
porous paper sheets are lower than that observed for tie both the capacity for embedding a solidified ink and the
plain paper sheet (see Table 4). It is well known thatapillary attraction for absorbing a molten ink, with higher
thermal conductivity closely relates to the density of layercapacity and lower capillary attraction being obtained from
Therefore there is no doubt that the low thermalarger pores. We found that it is preferable to control the
conductivities of the micro-porous paper sheets arise frompore dimension in the range 1-g@th diameter for achieving
the low densities of the corresponding micro-porous layersa satisfactory balance of these properties.
The heat-insulating nature is very important in thermal
printing as several groups demonstrated that a paper sheet

having a heat-insulating layer significantly improve the 14
sensitivity of _the_rmal printing including direct thermal, 1oL
thermal dye diffusion and thermal wax transfer. ' W MpP1
The compression stresses of the micro-porous paper 1o || AMpP2
sheets are also lower than that observed for the plain paper © Plain paper
sheet (see Table 4). The lower the compression stress of the £ 0.8
sheet, the higher the softness of the ink-receiving layer and %
thus the higher degree of close contact of the ink-receiving 3 °°
layer with the ink ribbon in thermal transfer printing. 04
Table 4. Experimental data on the micro-porous paper 0.2
sheets
Density Therm_a! Compression 0.0
(g/en) conduqtuvuty stress 1 2 3 4 5 6 7 8 9 10
Paper sheets| (w/(mk)) (kg/cnd) Energy level
Plain paper 0.88 0.450 50.0
MpP1 0.82 0.245 7.6 Figure 2. Color (cyan) densities of the micro-porous paper sheets
MpP2 0.69 0.147 1.6 as a function of energy level

Print-Quality for Use in Thermal Wax Transfer Printing

The print qualities of our micro-porous paper sheets i

Table 5. Dot reproducibilities (magenta) of the micro-

"'horous paper sheets at energy level of 2
L

terms of color density are consistently higher than tha i _
observed for the plain paper sheet as shown in Figure Rlicro- Roughness* Degree of circularity*
This is not surprising since it is knoWrihat a micro-porous | porous Standard Standard
surface layer acts as an ink-receiving layer and enhancesaper sheets Average deviation Average deviation
print-quality for use in thermal wax transfer printing. We MpP1 1.28 0.18 2.43 0.87
believe that these micro-porous paper sheets hawgppP2 1.12 0.03 1.60 0.11

advantages with respect to the thermal wax transfer printing
because the thermal conductivity and compression stress is
much lower than that measured for the plain paper sheet. ) ) ) ) )
having larger pores (MpP1) had a high color density relativ’€@ made by magenta ink on the MpP2 and energy level.
to that having smaller pores (MpP2). This is perhapsThe solid line represents the area expected from the each
surprising in view of the higher heat-insulating nature angnergy level. All the experimental data points fall on and/or
lower cushion property of MpP1 relative to that of Mppzlsllghtly above this theoretical line with correlation

On the other hand, the MpP2 had a significantly high dogoefficient of 0.9995 and possibly larger deviations at
reproducibility as presented in Table 5. energy level of 4 or more. This measurement indicates an

* The more convoluted the shape, the greater the value.
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excellent continuous tone reproducibility of
porous paper sheet.

the micro-the micro-porous layer acts as a toner-receiving layer
instead of an ink-receiving layer. Full details will be
reported elsewhere in the near futlire.

100
u Conclusion

80 We have discovered a novel and facile method for the
preparation of micro-porous layers which utilize a large
number of fine air bubbles dispersed in a coating mixture.
60 The resulting micro-porous paper sheets can significantly
improve the print-quality in thermal wax transfer printing,
which otherwise has rather poor print-quality when using a
plain paper sheet.

These micro-porous paper sheets have potential
applications in other digital printing systems; our works in

Solid area (%)

40

H MpP2 these fields will be reported in detail elsewhere.
20 — Theoretical line —
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1.

General Problem and Solution of Micro-Porous Paper 5
Sheets

In general micro-porous layers potentially haves
undesirable characteristics such as blocking and poor
strength of the layers. In practical usage the most usefyl
approach to overcome these drawbacks is to find sorrga:
materials for achieving a satisfactory balance of antiy
blocking and softness. We have extensively characterized
some materials appropriate for achieving the balance in
terms of their physical properties, surface chemistry ang'
chemical structuré. 9

Advantages of Our Micro-Porous Paper Sheets
We note that our micro-porous paper sheets have the

following three advantages which distinguish them from the

micro-porous sheet previously reported (1) facile
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