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Microporous Paper for Use in Toner-Based Marking
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We have developed a paper sheet that has a microporous surface layer that meets the demands for matte-type printing in toner-
based marking. The microporous layer reduces the differential gloss (the difference between the maximum and minimum gloss)
of the printed sheet. The toner particles which are transferred on to the surface of the sheet are easily embedded into the
microporous layer during the fixing process by heat and pressure; and the microporous layer maintains its porosity even during
the printing process, thereby reducing the gloss. The low differential gloss makes the printed images easier for observers to look
at. In comparison, in the case of plain and pigment-coated paper, the areas that are covered with fused toner become smoother
than the non-printed areas and hence the differential gloss is greater. We also show that the other print qualities of our microporous
paper, in terms of line quality and uniformity, are higher than those observed for plain and pigment-coated paper. Thus, the
microporous paper is better suited to matte-type printing in toner-based marking.
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Introduction

There has been increasing demand for higher print qual-
ity in digital printing. Therefore it is necessary to de-
velop more advanced printing systems and appropriate
paper. Several groups have scrutinized porous paper as
candidates to fulfill this demand. Imoto and co-work-
ers! have reported that an intermediate porous layer
enhances the sensitivity of the receiving sheet in ther-
mal dye diffusion transfer printing due to its heat insu-
lating nature and elastic property. Both Yamada and
co-workers? and Tanaka and co-workers® have described
a thermal wax transfer system which utilizes a large
number of fine pores distributed on the surface of the
ink receiving sheet. In this system, the molten ink per-
meates into the porous surface layer due to the large
number of capillaries; the ink receiving layer, which
contains fine pores, is prepared via an indirect method
as follows. First of all, a resin-coated layer containing a
water-soluble component is formed; then the water-
soluble component is extracted and, in so doing, voids
are created.*

However, from an industrial point of view, a direct
method is clearly preferable. In our own research pro-
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gram, in order to make microporous paper, we have dis-
covered a direct and easy method: a sheet substrate is
coated with a mixture containing fine air bubbles. We
believe our microporous paper sheet prepared in this
way can be used in a wide range of applications in digi-
tal printing. This is because the microporous layer acts
as an ink receiving layer, a heat insulating layer and a
cushioning layer, due to its high affinity to ink, low ther-
mal conductivity and high compressibility, respectively.
In our previous work, we have focused on thermal wax
transfer printing because this requires all three char-
acteristics described above.

Recently we have discovered a fourth and more inter-
esting characteristic of our microporous paper, namely
its optical properties. In this present work we focus on
these optical properties of our paper, namely gloss and
differential gloss. We also describe the quantitative mea-
surements of its print quality in toner-based marking,
with particular emphasis on the line quality and mottle.

Experimental

Preparation of the Microporous Paper
Preparation of a typical microporous paper sheet was
undertaken as follows. A mixture of air and a coating
liquid (solid content of 31%, viscosity of ca. 2000-3000
mPa.sec) having the composition given in Table I, was
stirred in a closed system. The mixing volume ratio of
air/liquid was 0.6/1.0; the mixture was stirred at a con-
stant rate of 800 rpm, using a continuous whipping ma-
chine. A schematic diagram of a continuous whipping
machine is shown in Fig. 1. In this method, air and
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Figure 1. Schematic diagram showing a typical continuous whipping machine.

TABLE I. Composition of the Coating Liquid

Component Part by solid weight
Aqueous resin: Polyurethane 100
Foam stabilizer: Salt of long-chain fatty acids 4.0
Viscosity control agent: Cellulose derivative 2.0

coating liquid were continuously fed into the closed
system at a rate of 0.17 kg/min. A large number of fine
and dispersed air bubbles were observed in the result-
ing mixture.

Immediately after the bubbling treatment was com-
pleted, an approximate ‘equivalent circle’ number aver-
age and maximum bubble size were determined for the
coating mixture by counting more than 10,000 bubbles
on several optical micrographs using a Dot Analyzer-
50008 digital image analyzer (DA-5000S), manufactured
by Oji Scientific Instruments Inc. (OSI).

One surface of a plain paper sheet having a weight of
127.9 g/m?, a Bekk smoothness of 80 sec. and a gloss of
7 pt., was coated with the fine bubble-containing mix-
ture using an applicator bar. The coating was then dried
at a temperature of 100°C for 5 min. and its dry weight
was 10 g/m? (Sample ID. MP5). The same procedure
was carried out to prepare other samples, except that
the mixing volume ratio and stirring speed of the con-
tinuous whipping machine were changed as stated in
Table II (Sample ID: MP1-4, 6 and 7).

Both plain paper (J paper, sold by Fuji Xerox Co., Ltd.)
and pigment-coated paper (JD paper, sold by Fuji Xerox
Co., Ltd.) were used for comparing the print quality of
the microporous paper (MP).

Characterization of the Microporous Layers and
the Microporous Paper

The microporous layers have been characterized in
terms of their morphology, density and pore size. Scan-
ning electron microscopy (SEM) studies were made us-
ing a JEOL JSM-5800LV instrument at an operating
voltage of 10 kV. The densities of the microporous lay-
ers were calculated from the thickness and weight data
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of the corresponding microporous paper sheets (MP1-
7) and the substrate paper sheet by simple subtrac-
tion. An approximate ‘equivalent circle’ number
average and maximum pore size were determined for
the microporous surface layers by counting more than
10,000 pores on several optical micrographs using the
DA-5000S analyzer.

Print Quality of the Microporous Paper

The plain paper (PP), the coated paper (CP) and the
microporous paper (MP) were evaluated for use in toner-
based marking in terms of their optical properties, line
quality and mottle. Several test targets designed by
Quality Engineering Associates Inc. (QEA) and/or OSI
were printed on these sheets using a DC 1250 printer
manufactured by Fuji Xerox Co., Ltd. and/or a LP-8000C
laser color printer manufactured by EPSON Co., Ltd.
These test targets consist of basic image elements such
as dots, lines and solid areas, specially designed for print
quality measurement.

The gloss at 75° of these paper sheets was measured
using a gloss meter manufactured by Murakami Shikisai
Co., Ltd. The DA-5000S was used to quantify the line
quality of PP, CP and MP5 in terms of blurriness and
raggedness with the ISO-13660 draft standard. The
mottle of PP, CP and MP5 was measured using the
method developed by Quality Engineering Associates
(QEA)? with the DA-50008S.

Results and Discussion

Characterization of the Coating Mixtures and
the Microporous Layers

Our experimental data on the coating mixtures and
the microporous layers including the non-bubbled poly-
urethane resin coated (PUC) are presented in Tables II
and III, respectively. The key technology in obtaining a
successful microporous paper sheet is in controlling the
pore size distribution in the microporous layer. In other
words, regulating the bubble size distribution in the
coating mixture is critical because there is a clear cor-
relation between the size distribution of the bubbles and
the pores, as shown in Tables IT and III.
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TABLE Il. Experimental Data on the Coating Mixture

Coating mixture Stirring speed of whipping machine(rpm)

Bubble size (um)

Air/Liquid volume ratio Average diameter Maximum diameter

MP1 1200 3.0/1.0 4.4 9.7
MP2 1200 2.0/1.0 5.3 13.8
MP3 800 2.0/1.0 7.7 18.1
MP4 1200 0.6/1.0 10.1 221
MP5 800 0.6/1.0 12.3 25.1
MP6 600 0.6/1.0 15.5 29.9
MP7 400 0.6/1.0 18.8 35.4
TABLE Ill. Experimental Data on the Microporous Layers and the Polyurethane Resin Coated Layer
Pore size (um) Gloss (pt.)
Microporous layer Density (g/cm?) Number average Maximum diameter Minimum Maximum Differential
MP1 0.15 4.7 11.4 22 55 33
MP2 0.21 5.5 14.8 18 45 27
MP3 0.22 7.9 19.2 15 33 18
MP4 0.45 10.4 23.0 5 16 1
MP5 0.46 12.8 27.0 5 15 10
MP6 0.45 16.4 30.3 3 13 10
MP7 0.48 20.1 38.7 4 14 10
PUC* 1.00 — — 60 85 25

(b) CP

2000

Figure 2. Scanning electron micrographs showing the non-printed surfaces of PP, CP and MP5. Supplemental Materials can be
found in color on the IS&T website (www.imaging.org) for a period of no less than 2 years from the date of publication.

The bubble size in the coating mixture is clearly in-
fluenced by the stirring speed of the whipping machine
and the mixing ratio of air with coating liquid, with
rather smaller bubbles being obtained at higher stir-
ring speeds and increased air volume. We have already
reported in detail, the effect of these factors on control-
ling the bubble size distribution elsewhere.?

Optical Properties of the Microporous Paper
Sheets

Gloss. Over the years, we have investigated matte-type
paper for use in toner-based marking. In general, plain
paper has lower gloss relative to coated paper due to
the rough surface of the former, as shown in Fig. 2(a);
this leads to light scattering. On the other hand, coated
paper has a smooth surface, as shown in Fig. 2(b); this
leads to light reflection. Therefore, it might seem as if
plain paper could be used as matte-type paper. As a
matter of fact, the plain paper (PP) has lower gloss than
the coated paper (CP) on non-printed areas, which in
most cases exhibit the minimum gloss as shown in
Table IV.

Microporous Paper for Use in Toner-Based Marking

TABLE IV. Minimum, Maximum and Differential Gloss of PP,
CP and MP5

Gloss (pt.)
Paper sheets Minimum Maximum Differential
PP 7 47 40
CP 35 83 48
MP5 5 15 10

Moving our attention to the microporous paper, the
minimum gloss of the microporous paper (MP5) was as
low as that of PP. This is perhaps surprising as MP5
also has a coated surface layer. However MP5 has a po-
rous surface, as shown in Fig. 2(c), which acts as a kind
of rough surface and reduces the gloss.

Differential Gloss. Figure 3 shows how the gloss
changes as the solid fill area covered with fused toner
increases. As the area increases, the gloss of both PP
and CP increases up to a certain point, while the gloss
of MP5 does not change very much.

Vol. 46, No. 2, March/April 2002 167



100

80 |
2 60 I
O 40 pe T
20 t 7
e
0 — | L | |

0 10 20 30 40 50 60 70 80 90 100
Solid fill area (%)

Figure 3. Gloss of PP, CP and MP5 as a function of solid fill area.
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Figure 4. Scanning electron micrographs showing the surfaces of PP, CP and MP5 at solid fill area of 80% with the fused toner.
Supplemental Materials can be found in color on the IS&T website (www.imaging.org) for a period of no less than 2 years from the

date of publication.

We found that the problem with using plain paper as
a matte-type paper is its relatively high maximum gloss
at high solid fill areas and its high differential gloss,
which is defined as the difference between the maxi-
mum and minimum gloss. These data are reported in
Table IV.

Our scanning electron microscopy studies, undertaken
after printing, show that the fibers of PP are completely
covered with fused toner, while MP5 maintains its po-
rous surface structure (see Fig. 4). The areas of PP cov-
ered with fused toner become smoother than the
non-printed areas and hence the differential gloss be-
comes larger. On the other hand, MP5 retains its low
gloss even after printing and exhibits a lower differen-
tial gloss relative to PP and CP. This is presumably be-
cause the transferred toner particles on the surface of
MP5 are embedded into the pores.

The low differential gloss of the microporous paper
makes printed images easier for observers to look at.
For the reasons above, it can be said that our
microporous paper is the most appropriate for matte-
type images.
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Differential Gloss as a Function of Pore Size

As mentioned above, the pores on the surface of our
microporous paper (MP) play an important role in
achieving the low gloss and differential gloss. We as-
sumed that the pore size distribution on the surface of
MP affects the differential gloss.

Figure 5 illustrates the differential gloss of MP as a
function of the average diameter of the pores. We found
that the differential gloss of the MP is, in fact, closely
related to pore size, with low and constant differential
gloss being obtained from large pores. Up to the aver-
age diameter of ca. 10 um, as the pore diameter in-
creases, differential gloss decreases.

Considering that the average diameter of the toner
particles which we used was ca. 7 um, a pore of diam-
eter 7 um or larger has a toner embedding quality. Pre-
sumably the microporous layers with large pores whose
average diameter is larger than 10 um (MP4-7) have
sufficient toner-embedding capacity. Whereas, in the
case of the microporous layers having smaller pores
(MP1-3), the proportion of pores whose diameter is 7
um or above may affect the differential gloss of the cor-

Maeda, et al



35

30 -
25 +
20 +
15
10 +

Differential gloss (pt.)
*
-

0 1 1 1 1 1 1 1 1 1
0 2 4 6 8§ 10 12 14 16 18 20 22

Average pore diameter (ym)

Figure 5. Differential gloss of MP as a function of the average
pore diameter.

responding microporous paper. As shown in Fig. 6, we
find that the pore size distribution curve of MP1 is nar-
row and the proportion of pores of 7 um and above is
15%. On the other hand, MP3 exhibits a broad distribu-
tion and the corresponding proportion is 50%.

We also note that the difference in gloss of the non-
toner covered area before and after printing is lower
relative to the differential gloss, although not consid-
ered in detail here. Therefore, the relatively high dif-
ferential gloss of MP1, MP2 and MP3 is not an effect of
microporous layer compression during printing.

Although not dealt with in this paper, defects in the
microporous paper become apparent if the pore size is
too large, for example where the average diameter is
greater than 15 um.® We conclude that it is preferable
to restrict the average diameter of the pores to the
range 10 to 15 um in order achieve a satisfactory bal-
ance between the differential gloss and the appearance
of defects.

Line Quality. According to the definition described in
the ISO-13660 draft standard, blurriness means hazy or
indistinct in outline; a noticeable transition of blackness
from background to character. It is reported as distance
in micrometers. The lower the blurriness, the better the
line quality. The blurriness of MP5 is acceptably low rela-
tive to those of PP and CP as shown in Table V.

The definition of raggedness is also given in the ISO-
13660 draft standard. Raggedness is the geometric dis-
tortion of an edge from its ideal position. It is measured
as the standard deviation of the residuals from a line
fitted to the edge threshold. A ragged edge appears rough
or wavy rather than smooth or straight. Therefore, the
lower the raggedness, the better the line quality. The
raggedness of MP5 is lower than that of PP and CP as
shown in Table V.

Mottle. Mottle shows the uniformity of the printed area
of the samples. Here we followed the QEA method,?
which is an improvement on the ISO-13660 draft stan-
dard. With this method, the region of interest is divided
into smaller regions called tiles. Then the mottle can be
calculated as the standard deviation of the average gray
scale within each tile. The tile size is variable here.
When interpreting mottle data, larger values indicate
more non-uniformity and smaller values indicate uni-
formity. Figure 7 shows mottle measurements as a func-
tion of tile size. It is clear that the mottle of MP5 is
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Figure 6. Pore size distribution of MP1 and MP3 as deter-
mined by DA-5000S.
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Figure 7. Mottle measurement as a function of tile sizes for
PP, CP and MP5.

TABLE V. Line Qualities of PP, CP and MP5

Blurriness (um) Raggedness (um)

Paper sheets Lead Trail Lead Trail
PP 1.0 13.3 9.2 9.7
CP 13.5 16.9 8.9 9.5
MP5 10.5 1.5 7.4 8.5

lower than that of PP and CP, particularly at smaller
tile size.

We found that the microporous layer improves the
print qualities in toner-based marking in terms of line
quality and mottle. This is presumably because the
microporous layer prevents excess fused toner from
spreading out on to the surface; excess toner is instead
embedded into its pores.

Conclusions

Our microporous paper exhibits excellent character-
istics required of matte-type paper for toner-based
marking. Some of our samples (MP4-MP7) have lower
gloss and lower differential gloss than plain and
coated papers. The other print characteristics of MP5,
such as line quality and uniformity, are higher than
those of PP and CP. Therefore, there is no doubt that
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MP can improve print quality in matte-type, toner-
based marking. /&
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