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RECORDING MEDIUM AND SHEET

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 USC 119
from Japanese Patent Application No. 2006-199264, the dis-
closure of which is incorporated by reference herein.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a recording medium

and a sheet containing a magnetic material that allow printing
with a common recording material such as toner or ink and
that also enable recording and reproduction of information by
magnetic means.

[0004] 2. Related Art

[0005] Recently, more laws and regulations have been
established for prevention of information leakage, such as
those concerning protection of private information, privacy
marks, information security, and others. However, it is still
difficult to completely prevent leakage of information such as
private and confidential information printed on recording
paper, because printed paper is easy to physically remove and
stow away. Thus, there is an urgent need for a method of
preventing leakage and forgery of confidential information
recorded on recording paper while also preserving the con-
venience of use of recording paper.

SUMMARY

[0006] According to an aspect of the present invention,
there is provided a recording medium, comprising: a mag-
netic material and a pulp-fiber, a minimum value of shortest
distances between the magnetic material and an edge of the
recording medium substantially parallel to the pulp-fiber ori-
entation direction being about 1 mm or more.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1is a schematic view explaining the magnetic
material present in the area close to an edge of the recording
medium parallel to the pulp-fiber orientation direction and the
method of determining the shortest distance to the edge.
[0008] FIG.2 is a schematic view illustrating the method of
determining the shortest distance between the recording
medium surface and the magnetic material.

[0009] FIG. 3A is a chart explaining Large Barkhausen
Effect.
[0010] FIG. 3B is a chart explaining Large Barkhausen
Effect.
[0011] FIG.4is aschematic view illustrating an example of

the sheet according to an exemplary embodiment of the
present invention.

[0012] FIG.5is aschematic view illustrating an example of
the image-forming apparatus in electrophotographic process.
DETAILED DESCRIPTION
[0013] The invention includes the following embodiments.
[0014] <1> A recording medium, comprising: a magnetic

material and a pulp-fiber, a minimum value of shortest dis-
tances between the magnetic material and an edge of the
recording medium substantially parallel to the pulp-fiber ori-
entation direction being about 1 mm or more.
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[0015] <2> The recording medium according to item <1>,
wherein the magnetic material is not substantially exposed at
a surface of the recording medium.

[0016] <3> The recording medium according to item <1>,
wherein the minimum value of shortest distances between a
surface of the recording medium and the magnetic material is
about 5 um or more.

[0017] <4> The recording medium according to item <1>,
wherein the minimum value of shortest distances between a
surface of the recording medium and the magnetic material is
about 8 um or more.

[0018] <5> The recording medium according to item <1>,
wherein the magnetic material has a Large Barkhausen
Effect.

[0019] <6> The recording medium according to item <5>,
wherein the magnetic material is a linear material having a
length in a range of about 10 to about 350 mm and a diameter
in a range of from about 20 to about 60 pm.

[0020] <7> The recording medium according to item <6>,
wherein the magnetic material is a linear material having a
diameter in a range of from about 20 to about 50 pum.

[0021] <8> The recording medium according to item <5>,
wherein the magnetic material is a belt-shaped material.
[0022] <9> The recording medium according to any one of
items <1> to <8>, wherein the magnetic material has a
Fe—Co—Si-based amorphous magnetic material as its basic
component.

[0023] <10> The recording medium according to any one
of items <1> to <8>, wherein the magnetic material has a
Co—Fe—Ni-based amorphous magnetic material as its basic
component.

[0024] <11>The recording medium according to item <1>,
comprising two or more layers.

[0025] <12>The recording medium according to item <1>,
comprising two or more layers, wherein the magnetic mate-
rial is placed at an interface between the layers.

[0026] <13>The recording medium according to item <1>,
comprising a paper substrate of three or more layers, wherein
the magnetic material is contained in a layer other than an
outermost layer, or is contained between the layers, of the
paper substrate.

[0027] <14> The recording medium according to any one
of items <1> to <13>, wherein the ratio of the ultrasonic
propagation velocity in a pulp-fiber orientation direction to
the ultrasonic propagation velocity in a direction perpendicu-
lar to the pulp-fiber orientation direction (ultrasonic propa-
gation velocity in the pulp-fiber orientation direction/ultra-
sonic propagation velocity in the direction perpendicular to
the pulp-fiber orientation direction) is about 1.1 or more.
[0028] <15> The recording medium according to any one
of items <1>to <14>, wherein the pulp-fiber is impregnated
or thermally fused with a synthetic resin selected from the
group consisting of polyethylene, polypropylene, polysty-
rene, polyvinyl chloride, polyester.

[0029] <16> A sheet containing a magnetic material and a
pulp-fiber, and comprising a first region including the mag-
netic material and a second region not including the magnetic
material, the respective regions extending in a belt-shape in a
direction substantially parallel to the pulp-fiber orientation
direction and being formed alternately in a direction substan-
tially perpendicular to the pulp-fiber orientation direction, the
width of a second region formed between two neighboring
first regions being about 2 mm or more.
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[0030] The recording medium according to an exemplary
embodiment of the present invention characteristically con-
tains a magnetic material and a pulp-fiber, a minimum value
of shortest distances between the magnetic material and an
edge of the recording medium substantially parallel to the
pulp-fiber orientation direction being about 1 mm or more.

[0031] The minimum value of shortest distances between
the magnetic material and an edge of the recording medium
substantially parallel to the pulp-fiber orientation direction
(hereinafter, referred to briefly as “edge”) should be 1 mm or
more, or about 1 mm or more, but the requirement should be
satisfied at the both edges. The minimum value of shortest
distances between the magnetic material and the edge is pref-
erably 2 mm or more, or about 2 mm or more, preferably 3
mm or more or about 3 mm or more. When the minimum
value of shortest distances between the magnetic material and
the edge is less than 1 mm or about 1 mm, separation of the
magnetic material occurs during conveyance of the recording
medium.

[0032] However, an excessively large shortest distance
between the magnetic material and the edge may lead to
restriction of the region in the recording medium where the
magnetic material is contained as dispersed. Accordingly,
practically, the minimum of shortest distances between the
magnetic material and the edge is preferably 70 mm or less, or
about 70 mm or less.

[0033] The recording medium according to an exemplary
embodiment of the present invention is square in shape, and
the pulp-fiber is oriented in along a pair of sides of the record-
ing medium mutually parallel to each other [i.e., in MD
direction of the recording medium (direction of the paper
travelling in paper machine) or in the CD direction (direction
perpendicular to the traveling paper in paper machine)]. The
state where the “pulp-fiber is oriented” means any state
except the state where the pulp-fiber is isotropically oriented
in the direction parallel to the plane of the recording medium.

[0034] When the ultrasonic propagation velocity in MD
direction of the recording medium (paper-travelling direction
in paper machine) is compared with that in the recording-
medium CD direction (direction perpendicular to the travel-
ing paper in paper machine), the pulp-fiber orientation direc-
tion is the direction higher in the ultrasonic propagation
velocity, and when the ultrasonic propagation velocity in both
directions are the same as each other, the pulp-fiber is in a
completely isotropic state. The ultrasonic propagation veloc-
ity can be determined by using a Sonic Sheet Tester (manu-
factured by Nomura Shoji Co., Ltd.).

[0035] Increase in the ratio of ultrasonic propagation veloc-
ity in the pulp-fiber orientation direction to the ultrasonic
propagation velocity in the direction perpendicular to the
pulp-fiber orientation direction (ultrasonic propagation
velocity in the pulp-fiber orientation direction/ultrasonic
propagation velocity in the direction perpendicular to the
pulp-fiber orientation direction) leads to easier separation of
the magnetic material contained in the terminal area of the
bases in the direction in parallel with the pulp-fiber orienta-
tion direction for example by the stress applied during con-
veyance of the recording medium. However, in an exemplary
embodiment of the present invention, because the magnetic
material is contained in the area separated from the terminal
by a shortest distance of 1 mm or more, or about 1 mm or
more, the magnetic material may not be separated, indepen-
dently of the ratio of ultrasonic propagation velocity in the
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pulp-fiber orientation direction/the ultrasonic propagation
velocity in the direction perpendicular to the pulp-fiber ori-
entation direction.

[0036] For the reasons described above, as for the orienta-
tion state of the pulp-fiber in recording medium represented
by the ultrasonic propagation velocity ratio in an exemplary
embodiment of the present invention, the ratio of the ultra-
sonic propagation velocity in the pulp-fiber orientation direc-
tion/the ultrasonic propagation velocity in the direction per-
pendicular to the pulp-fiber orientation direction is preferably
1.1 or more, about 1.1 or more, more preferably 1.2 or more,
or about 1.2 or more. The upper limit of the ultrasonic propa-
gation velocity ratio is not particularly limited, but practically
2.7 or less, or about 2.7 or less.

[0037] Because the pulp-fiber orientation direction nor-
mally corresponds to MD direction of the recording medium,
the ratio of the ultrasonic propagation velocity in the pulp-
fiber orientation direction/the ultrasonic propagation velocity
in the direction perpendicular to the pulp-fiber orientation
direction means a so-called fiber orientation ratio (ultrasonic
propagation velocity in the MD direction/ultrasonic propaga-
tion velocity in the CD direction).

[0038] The position of the magnetic material in a direction
parallel to the plane of the recording medium is determined by
examining the orientation direction of the pulp-fiber con-
tained in the recording medium by the ultrasonic propagation
velocity method described above and observing the magnetic
material present in the area close to the edge of the recording
medium parallel to the pulp-fiber orientation direction. Spe-
cifically, the magnetic material region and the non-magnetic
region (containing no magnetic material) in the image of the
recording medium obtained by a scanner were binarized with
image-processing software (for example, DIPP-98, manufac-
tured by Detect Co., Ltd.) [for binarization method, see
“Automatic threshold level selecting method, based on judg-
ment and least square standard” (J. Institute of Electronics,
Information and Communication Engineers, Vol. J63-D, No.
4, pp. 349 to 356), “Basis and application of digital image
processing” (Koichi Sakai)], and the position of the magnetic
material (mm) in the direction perpendicular to the edge sides
from the edge sides of the recording medium parallel to the
pulp-fiber orientation direction (edges of two sides) was
determined. Normally a linear magnetic material is used in an
exemplary embodiment of the present invention, and thus, a
region closest to the edges of the recording medium parallel to
the pulp-fiber orientation direction in a magnetic material was
used as an initial point in determining the shortest distance
between the edge and the magnetic material. The measure-
ment was repeated for all magnetic material particles present
in the area close to the edge, and the smallest value (minimum
value) was obtained.

[0039] FIG. 1 is a schematic view explaining the magnetic
material present in the area close to an edge of the recording
medium parallel to the pulp-fiber orientation direction and the
method of determining the shortest distance to the edge, and
in the Figure, 100 represents a recording medium; 110 rep-
resents an edge; and 120A, 120B, and 120C represent mag-
netic materials, and an arrow A indicates the direction of the
orientation of the pulp-fiber (not shown in Figure). In a case
where measuring object materials are only three magnetic
materials shown in the Figure, as shown in the Figure, each
shortest distance X1, X2, or X3 between the edge and each
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magnetic material 120A, 120B, or 120C is determined, and
the smallest value among them (X1) was obtained as the
minimum.

[0040] The recording medium according to an exemplary
embodiment of the present invention may be prepared with-
out processing in a cutting step, but is normally, preferably a
so-called cut sheet prepared in a cutting step of cutting a
large-size sheet, In such a case, the cutting-edge of the record-
ing medium in an exemplary embodiment of the present
invention means the cutting face. The cutoff step includes all
cutting processes carried out before the recording medium
according to an exemplary embodiment of the present inven-
tion is provided to the user who uses it for image formation.

[0041] The cutting step is not particularly limited, and, for
example, a roll wound around a winder is processed with a
cutter and a slitter into a large-size sheet, which is then further
processed by guillotine cutting into a cut sheet of a desirable
size, or a roll wound around a winder is processed with a
cutter and a slitter into a roll with a desirable width, which is
then further processed with a cutter or a slitter into a cut sheet
or a roll sheet with a desirable width.

[0042] Onthe other hand, during conveyance of a recording
medium, the magnetic material may separate from the sur-
face, because external stress, such as friction in contact for
example with conveyor unit material, is applied on the record-
ing medium surface.

[0043] Accordingly, the magnetic material is preferably not
exposed on the surface of the recording medium according to
an exemplary embodiment of the present invention. When the
magnetic material is exposed on the recording medium sur-
face, the magnetic material may separated from the surface
during conveyance of the recording medium. In addition dur-
ing image formation in the electrophotographic process, a
recording medium carrying the magnetic material exposed on
the surface may cause leakage during passage through the
transfer unit. The magnetic material is particularly preferably
not exposed on both surfaces of the recording medium. Expo-
sure of the magnetic material on recording medium surface is
easily evaluated by visual observation.

[0044] For more reliable prevention of the separation of the
magnetic material from the recording medium surface and the
leakage during image formation in the electrophotographic
process, the minimum of shortest distances between the
recording medium surface and the magnetic material is pref-
erably 5 um or more, or about 5 um or more, more preferably
8 um or more, or about 8 um or more. The minimum of the
shortest distances between the recording medium surface and
the magnetic material is preferably as long as possible, but
practically, most preferable is a case where the magnetic
material is located almost in the central area in the recording
medium thickness direction.

[0045] Hereinafter, the method of determining the shortest
distance between the recording medium surface and the mag-
netic material present in the recording medium (unexposed
on the surface) will be described. First, for measurement of
the distance of the magnetic material to the top and bottom
faces of the recording medium, a cross section of the record-
ing medium containing the magnetic material is prepared.
The preparative method for the cross-sectional observation
sample is not particularly limited, and any cutting method
may be used if it does not cause dimensional change, and
examples thereof include resin impregnation method, cutting
method, freeze fracture method, and the like.
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[0046] Themethod of determining the distance between the
recording medium surface and the magnetic material is not
particularly limited, if it allows observation of the cross-
sectional shape of the recording medium and measurement of
the distance to the top and bottom faces of the recording
medium, and examples thereof include methods of using an
optical microscope, scanning electron microscope (SEM),
transmission electron microscope (TEM), or the like. Prefer-
ably, the distance is measured by using a SEM at a magnifi-
cation of 100 to 1,000 times.

[0047] When the distance between the top or bottom sur-
face of recording medium and the magnetic material is to be
determined from the cross-sectional image obtained for
example by SEM observation, the cross section is binarized
into a pulp layer and a non-pulp layer (magnetic material)
with image-processing software (for example, DIPP-98,
manufactured by Detect Co., Ltd.) [for the binarization
method, see “Automatic threshold level-selecting method,
based on judgment and least square standard” (J. Institute of
Electronics, Information and Communication Engineers, Vol.
J63-D, No. 4, pp. 349 to 356), “Basis and application of
digital image processing” (Koichi Sakai)], and the shortest
distance between the recording medium surface and the mag-
netic material is determined.

[0048] The shape of the magnetic material for use in an
exemplary embodiment of the present invention is not par-
ticularly limited, but a linear magnetic material having a
length of several millimeters or more (hereinafter, referred to
as “magnetic wire rod”) is used favorably. Thus for measure-
ment, cross-sectional observation samples were prepared by
cutting a magnetic wire rod in the regions at both edges and at
the center. Specifically, the shortest distance between the
individual magnetic wire rod and the recording medium sur-
face was the shortest distance from both faces of the recording
medium to the magnetic wire rod.

[0049] During measurement, five magnetic materials con-
tained in a recording medium were selected and the shortest
distances were measured over 50 recording media (at a total
of 250 positions). However, when there were less than five
magnetic materials contained in the recording medium, a
particular number of recording media were measured addi-
tionally, to make a total number of 250 positions. The mini-
mum was obtained from the observed values at the 250 posi-
tions.

[0050] FIG. 2is a schematic view explaining the method of
determining the shortest distance between the recording
medium surface and the magnetic material, wherein 102 rep-
resents the cross section of the recording medium; 112, the
recording medium surface; and 120, the magnetic material.
As shown in the Figure, the shortest distance between the
recording medium surface and the magnetic material mea-
sured is the straight-line distance shortest between the region
of'the magnetic material 120 closest to the recording medium
surface 112 and the recording medium surface 112 (distance
indicated by an arrow Y).

[0051] Hereinafter, the configuration of the recording
medium according to an exemplary embodiment of the
present invention will be described in detail.

[0052] The recording medium according to an exemplary
embodiment of the present invention at least contains a pulp-
fiber and a magnetic material, and has a paper substrate con-
taining a pulp-fiber as the principal component. A surface
layer may be formed as needed at least on one side of the
paper substrate. When the recording medium has multiple
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layers, the magnetic material may be contained in any layer,
but normally, preferably in the paper substrate.

[0053] The magnetic material for use in an exemplary
embodiment of the present invention particularly preferably
has Large Barkhausen Effect.

[0054] Hereinafter, the Large Barkhausen Effect will be
described briefly. FIG. 3 show charts explaining the Large
Barkhausen Effect. The Large Barkhausen Effect is a phe-
nomenon of the drastic magnetic flux reversal that occurs
when a material having B—H characteristics, i.e., having an
almost rectangular hysteresis loop shown in FIG. 3A and a
relatively smaller coercive force (Hc), for example, amor-
phous magnetic material of Co—Fe—Ni—B—S8i, is placed
in an alternating magnetic field. Thus, when an alternating
magnetic field is generated by supplying an alternating cur-
rent to an excitation coil and a magnetic material is placed in
the alternating magnetic field, a pulse current flows in a
detecting coil placed close to the magnetic material during
magnetization reversal.

[0055] For example when an alternating magnetic field
shown in the top column of FIG. 3B is generated with an
excitation coil, if a recording medium is placed in the alter-
nating magnetic field generated, a pulse current shown in the
bottom column of FIG. 3B flows in the detecting coil.
[0056] The magnetic materials for use in an exemplary
embodiment of the present invention generally include per-
manent magnets such as rare-carth metal magnets containing
neodymium (Nd), iron (Fe) and boron (B) as principal mate-
rials, those containing samarium (Sm) and cobalt (Co) as
principal materials, AINiCo magnets containing aluminum
(Al), nickel (Ni) and cobalt (Co) as principal materials, ferrite
magnets containing barium (Ba) or strontium (Sr) and iron
oxide (Fe,O,) as principal materials, as well as soft magnetic
materials, oxide soft magnetic materials, and the like. Amor-
phous magnetic materials having Fe—Co—Si or Co—Fe—
Ni as basic composition are favorably used as the magnetic
materials having the Large Barkhausen Effect.

[0057] The shape of the magnetic material is not particu-
larly limited, if it is suitable for the Large Barkhausen Effect,
but, because a particular ratio of the length to the sectional
area is needed for Large Barkhausen Effect, the shape is
preferably linear (wire) or belt, more preferably wire.
[0058] When the magnetic material is wire-shaped, the
minimum diameter needed for showing Large Barkhausen
Effect is preferably 20 um or more, or about 20 pm or more,
as described above. The maximum diameter is not particu-
larly limited, but the diameter favorable for preventing expo-
sure of the magnetic material on the recording medium sur-
face depends on the thickness of the recording medium, and
thus, the maximum diameter is preferably 60 um or less, or
about 60 pum or less, more preferably 50 um or less, or about
50 um or less, for example when a recording medium having
a thickness of about 100 pum is used.

[0059] Alternatively, the minimum length is preferably at
least 10 mm or more, or about 10 mm or more for Large
Barkhausen Effect. The maximum length of the magnetic
material is not particularly limited, if the material is not
exposed when contained inside, but preferably 350 mm or
less, or about 350 mm or less. For prevention of separation of
the magnetic material from the edges of the recording
medium, the length is preferably 10 mm or more, or about 10
mm or more.

[0060] The material for the paper substrate is not particu-
larly limited, if it is a material processable into a sheet having

Mar. 24, 2011

a thickness suitable for image-forming apparatuses that
record an image on a recording medium for example in the
electrophotographic or inkjet-printing process, such as pulp-
fiber.

[0061] The pulp-fiber, the main raw material for the paper
substrate, is not particularly limited, and examples thereof
include hardwood and/or softwood tree Kraft pulp-fibers,
sulfite pulp-fibers, semichemical pulp-fibers, chemiground
pulp-fibers, ground-wood pulp-fibers, refiner ground pulp-
fibers, thermomechanical pulp-fibers, and the like. Cellulose
or hemicellulose in these fibers may also be used as needed
after chemical modification.

[0062] Inaddition, various fibers, such as cotton pulp-fiber,
hemp pulp-fiber, kenaf pulp-fiber, bagasse pulp-fiber, viscose
rayon fiber, regeneration cellulosic fiber, copper ammonia
rayon fiber, cellulose acetate fiber, polyvinyl chloride fiber,
polyacrylonitrile fiber, polyvinylalcohol fiber, polyvi-
nylidene chloride fiber, polyolefin fiber, polyurethane fiber,
fluorocarbon fiber, glass fiber, carbon fiber, alumina fiber,
metal fiber, and silicon carbide fiber may be used alone or in
combination of two or more.

[0063] Alternatively as needed, a fiber obtained by impreg-
nation or thermal fusion of the pulp-fiber with a synthetic
resin such as polyethylene, polypropylene, polystyrene, poly-
vinyl chloride, or polyester may be used.

[0064] Yet alternatively, recycled fiber from the woodfree
paper or mechanical woodpulp paper may be blended to the
pulp-fiber. The blending rate of the recycled fiber is deter-
mined according to application and purpose. From the view-
point of resource preservation, use of pulp from the chip of the
wood certified by so-called the forest certification tree. plan-
tation tree, or thinned wood is preferable.

[0065] A filler may be added for adjustment of the opaque-
ness, whiteness, and surface smoothness of the recording
medium according to an exemplary embodiment of the
present invention.

[0066] However, the blending rate of the filler with respect
to the solid matter in the recording medium (absolute dry
weight) is preferably 20 wt % or less, or about 20 wt % or less,
more preferably 10 wt % or less, or about 10 wt % or less, and
still more preferably 5 wt % or less, about 5 wt % or less, for
preservation of the bonding force among the pulp-fibers con-
tained in the recording medium and prevention of separation
of the magnetic material.

[0067] A filler blending amount of more than 20 wt %, or
about 20 wt % with respect to the solid matter in paper
substrate easily leads to breakage of the bonds formed among
the materials such as pulp-fiber and elongation of the distance
among pulp-fiber constituting the paper substrate, and thus to
deterioration in the bonding strength among the main mate-
rials constituting the paper substrate and also to occasional
separation of the magnetic material from the recording
medium.

[0068] The filler blending amount can be determined by
ashing the recording medium according to an exemplary
embodiment of the present invention by the method specified
in JIS P 8128 (575° C., 4 hours), performing elemental analy-
sis of the residual ash (ash specified in JIS P 8128) for
example by IPC emission spectroscopy, and calculating the
blending rates of the magnetic material and the filler con-
tained in the paper substrate of recording medium.

[0069] Examples of the fillers for use in the recording
medium according to an exemplary embodiment of the
present invention include inorganic fillers including ground
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heavy calcium carbonate, precipitated calcium carbonate,
silicates (such as kaolin, calcined clay, pyroferrite, sericite,
and talc), and titanium dioxide; organic pigments such as urea
resin and styrene; thermoplastic resin particles such as of
polyester and styrene acrylic; and the like.

[0070] In addition, various chemicals such as sizing agent
may be added internally or externally to the paper substrate
for the recording medium according to an exemplary embodi-
ment of the present invention.

[0071] Examples ofthe sizing agents favorably added to the
paper substrate include rosin-based sizing agents, synthetic
sizing agents, petroleum resin-based sizing agents, neutral
sizing agents, and the like. A fixing agent such as aluminum
sulfate or cationized starch may be used.

[0072] Among the sizing agents above, neutral sizing
agents such as alkenyl succinic anhydride-based sizing
agents, alkylketene dimers, alkenyl ketene dimers, neutral
rosins, petroleum oil sizes, olefinic resins, and styrene-acrylic
resin are favorable, from the viewpoint of the storage life of
the recording medium after image formation for example in
an image-forming apparatus in the electrophotographic or
inkjet-printing process. In addition, oxidatively modified
starches, enzyme-modified starches, polyvinylalcohol, cellu-
lose derivatives such as carboxymethylcellulose, styrene
acrylic latex, styrene maleic acid latex, acrylic latex, and the
like may be used alone or in combination as the surface sizing
agent.

[0073] In addition, paper-strength additives may be added
internally or externally to the paper substrate for the recording
medium according to an exemplary embodiment of the
present invention.

[0074] Examples of the paper-strength enhancers include
starch, modified starches, vegetable gum, carboxymethylcel-
Iulose, polyvinylalcohol, modified polyvinylalcohols, poly-
acrylamide, styrene-maleic anhydride copolymers, vinyl
chloride-vinyl acetate copolymers, styrene-butadiene
copolymers, polyacrylic ester copolymers, urea-formalde-
hyde resins, melamine-formaldehyde resins, dialdehyde
starch, polyethyleneimine, epoxidized polyamides, polya-
mide-epichlorohydrin resins, methylolated polyamides, chi-
tosan derivatives, and the like, and these materials may be
used alone or in combination.

[0075] Inaddition, various common additives used in com-
mon paper medium such as dye and pH adjuster may be used
as needed.

[0076] In preparing the recording medium according to an
exemplary embodiment of the present invention, it is possible
to prepare a recording medium having a desirable layer struc-
ture, by properly selecting the paper-making method and the
order of the materials for the paper substrate and forming a
surface layer as needed. For example, it is possible to prepare
apaper substrate by mixing the materials described above for
the paper substrate such as pulp-fiber into a stock slurry,
sheeting the slurry into a paper substrate layer, dispersing a
magnetic material on one side of the paper substrate, and
laminating another paper substrate layer on the surface con-
taining the magnetic material, and additionally, as needed, by
forming a surface layer on the surface of the paper substrate.
[0077] Alternatively, a single-layered paper substrate may
be prepared by sheeting a stock slurry containing a material
for paper substrate such as pulp-fiber and a magnetic material,
and additionally, a surface layer may be formed on the surface
of the paper substrate as needed. Yet alternatively, a paper
substrate layer prepared by sheeting with a stock slurry con-
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taining no magnetic material may be laminated on both faces
of a paper substrate layer containing a magnetic material,
forming a paper substrate in a three-layer structure, and a
surface layer may be formed additionally on the surface of the
paper substrate as needed. In this way, a paper substrate may
be first formed by using a multilayer sheet, and then a surface
layer formed thereon, to give a recording medium.

[0078] The recording medium according to an exemplary
embodiment of the present invention may be a single-layered
paper substrate in a single-layer structure, but preferably has
two or more layers. In such a case, the paper substrate itself
may have two or more layers; a surface layer may be formed
on one face or both faces of the paper substrate; and the
configuration in combination of the two is also favorable.
[0079] Whenthe paper substrate has two or more layers, the
magnetic material is preferably placed at the interface of the
layers, for prevention of exposure of the magnetic material
out of the recording medium surface and for containment of
the magnetic material in the region inside the recording
medium surface. Alternatively when the paper substrate has
three or more layers, the magnetic material may be placed in
a layer of the paper substrate except the outermost layer or
may be placed at the interface of layers, for containment of the
magnetic material in the region inside the recording medium
surface.

[0080] Formation of a surface layer is also favorable, par-
ticularly when the paper substrate has a single-layer structure,
for prevention of exposure of the magnetic material out of the
recording medium surface and for containment of the mag-
netic material in the region inside the recording medium
surface.

[0081] As described above, the layer structure in the thick-
ness direction of recording medium may be optimized by
proper selection and combination of production processes.
[0082] On the other hand, in the recording medium accord-
ing to an exemplary embodiment of the present invention, the
region separated from the edge of the recording medium
parallel to the pulp-fiber orientation direction by a shortest
distance of less than about 1 mm should contain no magnetic
material for prevention of separation of the magnetic mate-
rial. Accordingly, in preparing the recording medium accord-
ing to an exemplary embodiment of the present invention, it is
important to control the blending position of the magnetic
material in the recording medium planar direction (direction
perpendicular to the pulp-fiber orientation direction).

[0083] Forexample, by controlling the concentration of the
magnetic material in the stock slurry ejected from the mul-
tiple nozzles placed along the direction crossing the pulp-
fiber orientation direction (sheeting wire traveling direction)
and the flow rate of the stock slurry ejected from each nozzle,
or by adjusting the position of the nozzle distal region in the
wire width direction, it is possible to control the blending
position of the magnetic material in the wire width direction.
[0084] Inthis way, it is possible to obtain, as a sheet before
processing in the cutting step, a sheet (large-size dry sheet) a
magnetic material and a pulp-fiber oriented in a planar direc-
tion of the sheet, and comprising a first region including the
magnetic material and a second region not including the
magnetic material, the respective regions extending in a belt-
shape in a direction parallel to the pulp-fiber orientation
direction and being formed alternately in a direction perpen-
dicular to the pulp-fiber orientation direction, the width of a
second region formed between two neighboring first regions
being 2 mm or more, and to distribute the magnetic materials
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within a particular width at particular positions according to
the size of the recording medium prepared, such as A or B
trimmed size series.

[0085] Incuttingthe large-size dry sheet described above, it
is possible to obtain the recording medium according to an
exemplary embodiment of the present invention, by cutting
the belt-shaped region (second region) containing no mag-
netic material in such a manner that the shortest distance from
the cutting line to the belt-shaped region containing the mag-
netic material (the first region) remains about 1 mm or more.
Instead of cutting the large-size dry sheet it is also possible to
make the user use the recording medium according to an
exemplary embodiment of the present invention by cutting it
along a perforated tear or cut line by forming the perforated
tear line or cut line.

[0086] FIG.4 is aschematic view illustrating an example of
the sheet according to an exemplary embodiment of the
present invention, wherein the arrow Y represents the pulp-
fiber orientation direction; 40 represents a sheet; 50 repre-
sents a first region containing a magnetic material; 60 repre-
sents a second region containing no magnetic material; 62
represents a belt-shaped region containing no magnetic mate-
rial formed along the edge of the recording medium parallel to
the arrow Y direction in sheet 40 (hereinafter, referred to as
“non-magnetic material-containing region at edge”); and dot-
ted lines Y11-Y12,Y21-Y22, X11-X12, X21-X22, and X31-
X32 in the Figure represent cutting lines.

[0087] The sheet 40 shown in FIG. 4 has a non-magnetic-
material-containing region 62 at edge, a first region contain-
ing a magnetic material 50, a second region containing no
magnetic material 60, a first region 50, a second region 60, a
first magnetic material-containing region 50, and a non-mag-
netic-material-containing region 62 at edge formed in that
order in the direction perpendicular to the pulp-fiber orienta-
tion direction Y (in the code X21-X22 direction), and the
width of the second region containing no magnetic material
60 in the code X21-X22 direction is 2 mm or more, and the
width of the non-magnetic-material-containing region 62 at
edge in the code X21-X22 direction is 1 mm or more. In
preparing a recording medium by cutting the sheet 40, the
recording medium is cut along the cutting lines indicated by
the dotted line in the Figure. The cutting lines Y11-Y12 and
Y21-Y22, which divide the second region containing no mag-
netic material 60 into two regions, are drawn in such a manner
that the shortest distance from these cutting lines to the first
region 50 becomes 1 mm or more.

[0088] The paper making method used in preparation of the
recording medium according to an exemplary embodiment of
the present invention is not particularly limited. For example,
any one of multilayer paper-making methods and known
Fourdrinier paper machine, cylinder paper machine, twin
wire method, and the like may be used. An acidic or neutral
paper making method may be used.

[0089] Any one of the cylinder paper making, fourdrinier,
fourdrinier/cylinder combination, multi-head box, and
tanmo/fourdrinier methods may be used as the multilayer
paper making method; any one of the methods described in
detail, for example in Saburo Ishiguro, “Newest paper-mak-
ing technology—Theory and application” (Seishi Kagaku
Kenkyusho, 1984) may be used; and a multi-cylinder paper
making method is also favorable.

[0090] In preparing the recording medium according to an
exemplary embodiment of the present invention, a coating
solution may be coated on the surface of the paper substrate.
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The adhesive contained in the coating solution for use is a
polymer compound water-soluble and/or water-dispersible,
and examples thereof include starches such as cationic starch,
amphoteric starch, oxidized starch, enzyme-modified starch,
thermochemically modified starch, esterified starch, and
etherified starch; cellulose derivatives such as carboxymeth-
ylcellulose and hydroxyethylcellulose; natural or semisyn-
thetic polymer compounds such as gelatin, casein, soy bean
protein, and natural rubber; polyvinylalcohol, polydienes
such as isoprene, neoprene, and polybutadiene; polyalkenes
such as polybutene, polyisobutylene, polypropylene, and
polyethylene; vinyl polymers and copolymers such as vinyl
halide, vinyl acetate, styrene, (meth)acrylic acid, (meth)
acrylic ester, (meta)acrylamide, and methyl vinylether; syn-
thetic rubber latexes such as of styrene-butadiene-based and
methyl methacrylate-butadiene-based latexes; synthetic
polymer compounds such as polyurethane resin, polyester
resin, polyamide resin, olefin-maleic anhydride resin, and
melamine resin; and the like. These adhesives may be used
alone or in combination, and the favorable examples are not
limited thereto. However, from the point of production cost,
use of cheaper starch is preferable.

[0091] Examples of the pigments contained in the coating
solution include mineral pigments such as ground calcium
carbonate, precipitated calcium carbonate, kaolin, calcined
kaolin, structured kaolin, delaminated kaolin, talc, calcium
sulfate, barium sulfate, titanium dioxide, zinc oxide, alumina,
magnesium carbonate, magnesium oxide, silica, magnesium
aluminosilicate, fine-particle calcium silicate, fine-particle
magnesium carbonate, fine-particle precipitated calcium car-
bonate, white carbon, bentonite, zeolite, sericite, and smec-
tite; organic pigments such as polystyrene resin, styrene-acryl
resin copolymer, urea resin, melamine resin, acrylic resin,
vinylidene chloride resin, benzoguanamine resin and
ultrafine hollow particles and through-hole particles thereof;
and the like, and these materials are used alone or in combi-
nation of two or more.

[0092] The blending rate of the adhesive to the pigment in
the coating solution is preferably in a range of from 5 to 50
parts by weight or about 5 to about 50 parts by weight with
respect to 100 parts by weight of the pigment. An adhesive
blending rate of less than 5 parts by weight, or about 5 parts by
weight with respect to 100 parts by weight of the pigment
causes a problem of giving a surface layer having lower
coating layer strength and generating dust. Alternatively, an
adhesive blending rate of more than 50 parts by weight, or
about 50 parts by weight with respect to 100 parts by weight
of the pigment causes a problem of increase in production
cost due to use of excessive adhesive and of low practical
performance.

[0093] The resin for use for the surface layer is not particu-
larly limited if it is a known thermoplastic resin, and examples
thereof include ester-bond-containing resins; polyurethane
resins; polyamide resins such as urea resin; polysulfone res-
ins; polyvinyl chloride resins, polyvinylidene chloride resins,
vinyl chloride-vinyl acetate resin copolymers, vinyl chloride-
vinyl propionate copolymer resins; polyol resins such as
polyvinylbutyral; cellulosic resins such as ethylcellulose
resin and cellulose acetate resin; polycaprolactone resins,
styrene-maleic anhydride resins, polyacrylonitrile resins,
polyether resins, epoxy resins, phenol resins; polyolefin res-
ins such as polyethylene resin and polypropylene resin;
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copolymer resins of an olefin such as ethylene, propylene or
the like with another vinyl monomer; acrylic resins, and the
like.

[0094] From the viewpoint of film-forming capability, use
of'a polyvinylalcohol having a saponification value of 90 mol
% or more, or about 90 mol % or more, a modified polyviny-
lalcohol, a styrene-maleic anhydride copolymer, a vinyl chlo-
ride-vinyl acetate copolymer, a styrene-butadiene copolymer,
a polyacrylic ester, or the like is favorable in the coating
solution.

[0095] Various assistants or aids such as surfactant, pH
adjustor, viscosity adjustor, softener, glossifier, dispersant,
thixotropic agent, anti-conductive agent, stabilizer, antistatic
agent, crosslinker, antioxidant, sizing agent, fluorescent
brightener, colorant, ultraviolet absorbent, antifoaming
agent, water repellent, plasticizer, lubricant, antiseptic agent,
and flavoring agent may be added additionally as needed to
the coating solution.

[0096] Informing the surface layer above, the coating solu-
tion is coated on a paper substrate, for example, by using a
generally known coated apparatus such as size press, blade
coater, air knife coater, roll coater, reverse roll coater, bar
coater, curtain coater, die coater, gravure coater, champlex
coater, brush coater, two-roll or metering blade-type size
press coater. Bullbradel coater, short-dwell coater, or gate roll
coater.

[0097] It may be possible to form a surface layer on the
paper substrate surface by applying the coating solution on a
paper substrate surface by the application method above. The
coating amount on one side of the paper substrate is prefer-
ably in arange of from 0.3 to about 20 g/m?, or from about 0.3
to about 20 g/m?, more preferably in a range of from 0.3 to 8
g/m?, or from about 0.3 to about 8 g/mas dry mass, and still
more preferably in a range of from 0.6 to 3.0 g/m?, or from
about 0.6 to about 3.0 g/m? considering the production cost.
[0098] A coating amount of less than 0.3 g/m?, or about 0.3
g/m? leads to deterioration in the strength of the recording
medium surface and separation of the magnetic material
present in the region close to the surface. A coating amount of
more than 20 g/m* or about 20 g/m* leads to tackiness espe-
cially under high-humidity environment and may cause con-
veying trouble during conveyance of the recording medium in
the image-forming apparatus.

[0099] When a surface layer is formed on the paper sub-
strate surface, it may be formed on one side or both sides of
the recording medium. The surface layer may be a single layer
or has a multi-layer structure having two or more layers.
When a surface layer is formed on both face of the recording
medium or when a surface layer in a multilayer structure is
formed thereon, the amounts of the coating solutions used in
forming respective surface layers may not be the same as each
other, and may vary according to the amount and composi-
tion, and are selected properly according to the desirable
quality level.

[0100] In forming a surface layer, the surface layer is pref-
erably formed on both faces of the recording medium for
prevention of curling.

[0101] When the recording medium according to an exem-
plary embodiment of the present invention has a surface layer,
it is preferable to form the surface layer and then smoothen
the surface layer, for example, by using a flat finishing appa-
ratus such as of super calendering, gloss calender, or soft
calender. The surface layer may be smoothened by on-ma-
chine or off-machine calendering, and the shape of pressure
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apparatus, the number of pressure nips, roll-heating tempera-
ture, and others are also adjusted properly, similarly to com-
mon smoothening apparatuses.

[0102] For example for dispersion of a magnetic material
between two paper substrate layers used is a method of form-
ing an adhesive layer on one surface of at least one paper
substrate layer, spreading a magnetic material alone on the
adhesive layer, and bonding another paper substrate layer to
the magnetic material-carrying surface, or a method of coat-
ing an adhesive containing a previously dispersed magnetic
material on one surface of a paper substrate layer and bonding
another paper substrate layer thereto. A surface layer may be
formed as needed after the paper substrate layers are bonded
to each other in this way.

[0103] Examples of the adhesive for use in the adhesive
layer include aqueous and solvent-based adhesives (such as
starch, modified starch, PVA, carboxymethylcellulose, and
urethane-based, polyester-based, epoxy-based, rubber-
based, cyanoacrylate-based, and emulsion-based adhesives),
and use of a polyester-based adhesive is particularly prefer-
able from the point of using safety. Alternatively, a double-
faced adhesive tape may be used.

[0104] The surface resistivity of the recording medium
according to an exemplary embodiment of the present inven-
tion is not particularly limited, but, in forming an image in the
electrophotographic process, the recording medium prefer-
ably satisfies the requirements in properties as an electropho-
tographic transfer paper, and thus, the surface resistivity
thereof is preferably in a range of about 1x10° Q/square to
about 5x10*" Q/square. The surface resistivity is determined
according to JIS K6911 after the pretreatment in the test
environment specified in JIS P8111.

[0105] For adjustment of the surface resistivity, used is a
conductive substance, for example, an inorganic material
such as sodium chloride, potassium chloride, calcium chlo-
ride, sodium sulfate, zinc oxide, titanium dioxide, tin oxide,
aluminum oxide, or magnesium oxide, or an organic material
such as alkylphosphoric ester, alkyl sulfuric ester, sodium
sulfonate salt, or quaternary ammonium salt, and it is possible
to control the surface resistivity of the recording medium to a
desirable value, by adjusting the kind of the conductive sub-
stance and the addition amount thereof to the paper substrate.
For environmental protection, a non-halogen conductive sub-
stance such as sodium sulfate is preferably used as the con-
ductive substance.

[0106] The basis weight of the recording medium accord-
ing to an exemplary embodiment of the present invention (JIS
P 8124) is not specified here, but, preferably about 60 g/m? or
more. A basis weight of less than about 60 g/m?> may lead to
deterioration in the stiffness of the recording medium.
Accordingly, when an image is formed in an image-forming
apparatus in the electrophotographic process, the recording
medium may be adhered to a fixing member such as heating
roll in the fixing device for fixing the toner image transferred
on the recording medium surface, or there may be image
defect caused by unfavorable separation of the recording
medium from the fixing member.

[0107] Similarly, a basis weight of less than about 60 g/m?
may result in exposure of the magnetic material contained in
the recording medium on the surface or in easier separation of
the magnetic material from the recording medium surface. In
addition, when an image is formed, for example, in an elec-
trophotographic or inkjet-printing process, the image may
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become less favorable in appearance because the magnetic
material is more recognizable on the recording medium sur-
face.

[0108] The water content of the recording medium accord-
ing to an exemplary embodiment of the present invention is
preferably adjusted, for example, during paper making in a
paper machine, so that the water content of the product imme-
diately after removal from a tightly sealed state in a moisture-
proof packaging is stabilized in a suitable range, specifically
preferably in a range of about 3 to about 6.5 wt %, more
preferably about 4.5 to about 5.5 wt %. For prevention of
water absorption or desorption of the prepared recording
medium during storage, the recording medium prepared is
preferably packaged with a moisture-proof packaging paper
such as polyethylene laminate paper or a material such as
polypropylene film, as a particular number of sheets are com-
bined.

[0109] Hereinafter, the method of forming an image on the
recording medium according to an exemplary embodiment of
the present invention will be described, by taking image for-
mation in the electrophotographic process as an example.

[0110] FIG.5is aschematic view illustrating an example of
the image-forming apparatus in the electrophotographic pro-
cess, and as shown in FIG. 5, the image-forming apparatus 10
has an image carrier 12 revolving in a particular direction that
carries an electrostatic latent image. It also has, around the
image carrier 12 along the rotation direction of the image
carrier 12, an electrostatically charging device 14, an expo-
sure device 16, a developing device 18, a transfer device 22,
and a cleaning device 24 in that order. The image-forming
apparatus 10 also has a control unit (not shown in Figure) for
control of various devices contained in the image-forming
apparatus 10.

[0111] The transfer device 22 is a roll-shaped part and
placed in contact under pressure with the image carrier 12. A
recording medium 20 conveyed into the pressured area (in the
transfer unit) between the transfer device 22 and the image
carrier 12 by a conveying means not shown in the Figure
passes through the transfer unit in the direction identical with
the rotation direction of the image carrier 12.

[0112] There is a fixing device 26 having a pair of fixing
rolls 27 that are in contact with each other under pressure and
at least one of which contains an internal heat source, down-
stream of the transfer unit in the travelling direction of the
recording medium 20, and the recording medium 20 supplied
from the transfer unit passes through the region between the
pair of fixing rolls 27 (pressuring region).

[0113] The electrostatically charging device 14 charges the
surface of the image carrier 12 electrostatically. The exposure
device 16 forms an electrostatic latent image on the image
carrier 12 by irradiating a laser beam modulated according to
image data inputted via an input/output unit not shown in the
Figure from an external apparatus not shown in the Figure by
wired or wireless communication onto the image carrier 12
by scanning. The developing device 18 develops the electro-
static latent image formed on the image carrier 12 with a
toner, forming a toner image on the image carrier 12. The
transfer device 22 holds and conveys the recording medium
20 together with the image carrier 12, transfers the toner
image formed on the image carrier 12 onto the recording
medium 20 by application of a transfer voltage from a power
source not shown in the Figure. The cleaning device 24
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removed the toner remaining on the image carrier 12. The
fixing device 26 fixes the toner image transferred on the
recording medium 20.

[0114] The fixing device 26 fixes the toner image on the
recording medium 20 surface, by pressurizing the recording
medium 20 carrying the transferred toner image that is pass-
ing through the pressuring region under heat. The fixing is
preferably performed by oil-less fixing. The oil-less fixing is
a fixing method of using a fixing roll 27 having no releasing
agent such as oil on the surface during fixing. When in oil-less
fixing, the fixing device 26 does not demand a supply device
for supplying a releasing agent to the fixing roll 27 surface.

[0115] Any known toner may be used as the toner used for
image formation, but no ally, a toner containing a colorant and
a binder resin such as polyester resin or styrene-acrylic resin
is used. When used in oil-less fixing, the toner contains a
releasing agent additionally. The method of producing the
toner for use is not particularly limited, and any one of known
production methods including pulverization, polymerization,
and others may be used.

[0116] During image formation, the image carrier 12 sur-
face is first electrostatically charged uniformly by the elec-
trostatically charging device 14, and then, a laser beam is
scan-irradiated by the exposure device 16. An electrostatic
latent image is formed on the image carrier 12 surface by
scanning and irradiation with the laser beam. The electro-
static latent image formed on the image carrier 12 is devel-
oped by the developing device 18, when it reaches the region
facing the installation position of the developing device 18 by
revolution of the image carrier 12. A toner image correspond-
ing to the electrostatic latent image is formed on the image
carrier 12 by development by the developing device 18 (here-
inafter, referred to as developing step).

[0117] The recording medium 20 is supplied from a record-
ing medium container not shown in the Figure, along the
conveyance route (not shown in Figure) in the image-forming
apparatus 10 by conveying devices such as various conveyor
rolls not shown in the Figure, to the pressurization region
(transfer unit) between the image carrier 12 and the transfer
device 22. When the region on image carrier 12 surface where
the toner image is formed reaches the transfer unit and the
recording medium 20 is held and conveyed in the space
between the image carrier 12 and the transfer device 22, the
toner image on the image carrier 12 is transferred onto the
recording medium 20.

[0118] The toner image is transferred onto the recording
medium 20 by application of voltage from a power source not
shown in the Figure to the roll-shaped transfer device 22.
When the voltage is applied to the transfer device 22, an
electric field forcing migration of the toner on the toner image
formed on the image carrier 12 in the direction toward the
recording medium 20 is generated between the image carrier
2 and the transfer device 22, and thus, the toner image on the
image carrier 12 is transferred onto the recording medium 20
(hereinafter, referred to as transfer step).

[0119] The toner image transferred on the recording
medium 20 is conveyed into the fixing device 26 by a con-
veying means not shown in Figure, where it is fixed on the
recording medium 20 in the fixing device 26 (hereinafter,
referred to as fixing step), giving an image on the recording
medium 20. The image-formed recording medium 20 is dis-
charged out of the image-forming apparatus 10 by a discharge
roll not shown in the Figure.
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EXAMPLES

[0120] Hereinafter, the present invention will be described
more specifically with reference to Examples, but it should be
understood that the present invention is not limited thereby.

Example 1

[0121] To a pulp slurry containing 85 parts by weight of
LBKP (hardwood bleached Kraft pulp) and 15 parts by
weight of NBKP (softwood bleached Kraft pulp), 3 parts by
weight of a filler precipitated calcium carbonate (Tamapearl
TP-121, manufactured by Okutama Kogyo Co., L.td.), 0.10
part by weight of a cationized starch (trade name: MS4600,
manufactured by Nihon Shokuhin Kagaku Kogyo Co., Ltd.)
and 0.05 part by weight of an alkenyl succinic anhydride
(Fiblan 81, manufactured by Japan NSC) are added, with
respect to 100 parts by weight of the pulp solid matter.

[0122] The mixture is diluted with white water, to give a
stock slurry at a solid matter concentration of 0.4%. Two wet
sheets having a basis weight of 40 g/m* are made with the
stock slurry by using Oriented Sheet Former (trade name:
ORIENTED SHEET FORMER, manufactured by Kumagai
Riki Kogyo) under the following paper-making condition.

[0123] <Paper-making condition>

[0124] Paper-making wire velocity: 1,200 m/min

[0125] Sample-spraying pressure: 1 kgf/cm?

[0126] Stroke number: 7

[0127] Then, a magnetic material (composition: Fe—Co—

Si) having a diameter of 30 um and a length of 30 mm is
placed on the surface of one sheet. The magnetic material is
placed on the sheet surface in such a manner that it is located
in the region separated by 1.5 mm or more in the direction
perpendicular to the pulp-fiber orientation direction from the
edge of the base parallel to MD direction of the sheet, as the
basis for final cutting position.

[0128] Then, another sheet is placed on the surface carrying
the magnetic material, and the laminated film of the two
sheets is pressed under a pressure of 5 kgf/cm? on a square-
sheet machine press (manufactured by Kumagai Riki Kogyo
Co., Ltd.) for 10 minutes, dried in a rotary dryer (trade name:
ROTARY DRYER DR-200, manufactured by Kumagai Riki
Kogyo Co., Ltd.) at a drum temperature of 100° C. and a
rotational velocity of 120 c/min, and cut into a A4-sized
paper substrate.

[0129] Then, a coating solution containing an oxidized
starch (Ace A, manufactured by Oji Cornstarch Co., Ltd.),
polyvinylalcohol having a saponification value of 99 mol %
(PVA-117, manufactured by Kuraray Co., L.td.), and sodium
sulfate is coated on both faces of the paper substrate thus
prepared, respectively to 0.6 g/m?, 0.05 g/m” and 0.1 g/m? as
dry weight on one side of the paper substrate and dried in a
size pressing machine.

[0130] Thefilm is smoothened to an Oken-type smoothness
of 50 seconds in a calendering apparatus, to give a recording
medium having a basis weight of 80 g/m>.

[0131] The minimum value of the shortest distances
between the edge of the base parallel to the pulp-fiber orien-
tation direction and the magnetic material of the recording
medium obtained is 1.5 mm, and the minimum value of the
shortest distances between the recording medium surface and
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the magnetic material is 30 um. The basis weight is deter-
mined according to the method of JIS P 8124.

Example 2

[0132] A recording medium is prepared in a similar manner
to Example 1, except that, in placing the magnetic material on
one sheet surface in Example 1, the magnetic material is
placed on the sheet surface as separated by 1.0 mm or more in
the direction perpendicular to the pulp-fiber orientation direc-
tion from the edge of the base parallel to MD direction of the
sheet as the basis for final cutting position.

Example 3

[0133] A recording medium is prepared in a similar manner
to Example 1, except that, in placing the magnetic material on
one sheet surface in Example 1, the magnetic material is
placed on the sheet surface as separated by 10 mm or more in
the direction perpendicular to the pulp-fiber orientation direc-
tion from the edge of the base parallel to MD direction of the
sheet as the basis for final cutting position.

Example 4

[0134] To a pulp slurry containing 85 parts by weight of
LBKP (hardwood bleached Kraft pulp) and 15 parts by
weight of NBKP (softwood bleached Kraft pulp), 3 parts by
weight of a filler precipitated calcium carbonate (Tamapearl
TP-121, manufactured by Okutama Kogyo Co., L.td.), 0.10
part by weight of a cationized starch [trade name: MS4600,
manufactured by Nihon Shokuhin Kagaku Kogyo Co., Ltd.)],
and 0.05 part by weight of an alkenyl succinic anhydride
(Fiblan 81, manufactured by Japan NSC) are added with
respect to 100 parts by weight of the pulp solid matter.
[0135] The mixture is diluted with white water, to give a
stock slurry at a solid matter concentration of 0.4%. Two wet
sheets having a basis weight of 10 g/m* are made with the
stock slurry by using Oriented Sheet Former (trade name:
ORIENTED SHEET FORMER, manufactured by Kumagai
Riki Kogyo) under the following paper-making condition:

[0136] <Paper-making condition>

[0137] Paper-making wire velocity: 1,200 m/min

[0138] Sample spraying pressure: 1 kgf/cm?

[0139] Stroke number: 2

[0140] A stock slurry containing 100 parts by weight of the

stock slurry used in preparation of the first sheet and 2.5 parts
by weight of the magnetic material used in Example 1 is
prepared.

[0141] Then, a wet sheet (second sheet) having a basis
weight of 60 g/m? is prepared with the stock slurry by using
Oriented Sheet Former (trade name: ORIENTED SHEET
FORMER, manufactured by Kumagai Riki Kogyo) under the
following paper-making condition:

[0142] <Paper-making condition>

[0143] Paper-making wire velocity: 1,200 m/min

[0144] Sample spraying pressure: 1 kgf/cm?

[0145] Stroke number: 11

[0146] Then, the second sheet and the first sheet are laid on

one surface of the first sheet in that order, and the laminated
film of three sheets is pressed and dried under a condition
similar to Example 1, cut into a A4-sized sheet, and size-
pressed, to give a recording medium.

[0147] Among the recording media obtained, media,
wherein the magnetic material is separated by 1 mm or more
in the direction perpendicular to the pulp-fiber orientation
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direction from the edge of the base parallel to the MD direc-
tion as the basis for final cutting position, are selected.

Example 5

[0148] A recording medium is prepared in a similar manner
to Example 1, except that paper-making condition of the wet
sheet in Example 1 is changed to the following condition: a
magnetic material (composition: Fe—Co—Si) having a
diameter of 20 pm and a length of 290 mm is used as the
magnetic material, and the magnetic material is placed in the
region separated by 2 mm or more in the direction perpen-
dicularto the pulp-fiber orientation direction from the edge of
the base in parallel with MD direction of the sheet as the final
cutting position. The basis weight of the wet sheet obtained
under the following paper-making condition is 45 g/m?.

[0149] <Paper-making condition>
[0150] Paper-making wire velocity: 1,200 m/min
[0151] Sample spraying pressure: 1 kgf/cm?
[0152] Stroke number: 7
Comparative Example 1
[0153] A recording medium is prepared in a similar manner

to Example 1, except that in placing the magnetic material on
one sheet surface in Example 1, the magnetic material is
placed on the sheet surface as separated by 0.5 mm or more in
the direction perpendicular to the pulp-fiber orientation direc-
tion from the edge of the base parallel to MD direction of the
sheet as the basis for final cutting position.

Comparative Example 2

[0154] A recording medium is prepared in a similar manner
to Example 4, except that the stroke number during sheeting
of the first sheet is changed to 1 and the basis weight to 7 g/m”.
[0155] Among the recording media obtained, media,
wherein the magnetic material is separated by 0.5 to 0.6 mm
in the direction perpendicular to the pulp-fiber orientation
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direction from the edge of the base parallel to the MD direc-
tion as the basis for final cutting position, are selected.

Comparative Example 3

[0156] A recording medium in a similar manner to
Example 1, except that paper-making condition of the wet
sheet in Example 1 is changed to the following condition: a
magnetic material (composition: Fe—Co—B) having a
diameter of 20 pm and a length of 290 mm is used as the
magnetic material, and the magnetic material is placed on the
sheet surface as separated by 0.5 mm or more in the direction
perpendicular to the pulp-fiber orientation direction from the
edge of the base parallel to MD direction of the sheet as the
basis for final cutting position.

[0157] The basis weight of the wet sheet obtained under the
following paper-making condition is 45 g/m?.

[0158] <Paper-making condition>
[0159] Sheeting wire velocity: 1,200 m/min
[0160] Sample spraying pressure: 1 kgf/cm?
[0161] Stroke number: 7
Comparative Example 4
[0162] A recording medium is prepared in a similar manner

to Example 1, except that in placing the magnetic material on
one sheet surface in Example 1, the magnetic material is
placed on the sheet surface as separated by O mm or more in
the direction perpendicular to the pulp-fiber orientation direc-
tion from the edge of the base parallel to MD direction of the
sheet as the basis for final cutting position.

[0163] —Evaluation—

[0164] An image-forming test of the recording medium of
each Example or Comparative Example is performed in an
image-forming apparatus in the electrophotographic process.
[0165] The image-forming apparatus used is DocuCentre-
Color 450 (manufactured by Fuji Xerox Co., Ltd.); the fixing
condition is in the plain paper mode (traveling velocity: 160
mm/s); a halftone image is formed continuously on the entire
recording medium surface of 2,000 sheets; and separation of
the magnetic material, image quality defect, and conveying
trouble then are evaluated. Results are summarized in Table 1.

TABLE 1

Position of the magnetic material
in the planer and thickness
directions of the
recording medium

The minimum of The
the shortest minimum of

distances between the shortest

the terminal of the distances

base in parallel between the
Magnetic material with the pulp-fiber recording Layer Evaluation defect
Large orientation medium structure  Fiber  Separation Image
Diam-  Bark- direction and the surface and (basis orien- of qua- Con-

Length eter hausen  magnetic material the magnetic weight: tation  magnetic lity veying
Composition  (mm) (pm) Effect (mm) material (pm) g/m?) rate material  defect trouble
Example 1 Fe—Co—Si 30 30 yes 1.5 30 2 layers 1.61 A A A
(80)
Example 2 Fe—Co—Si 30 30 yes 1 30 2 layers 1.60 B A A
(80)
Example 3 Fe—Co—Si 30 30 yes 10 30 2 layers 1.64 A A A
(80)
Example 4 Fe—Co—Si 30 30 yes 1 6 3 layers 1.58 B A A

(80)
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TABLE 1-continued

Position of the magnetic material
in the planer and thickness
directions of the

recording medium
The minimum of The
the shortest minimum of
distances between the shortest
the terminal of the distances
base in parallel between the
Magnetic material with the pulp-fiber recording Layer Evaluation defect
Large orientation medium structure  Fiber Separation Image
Diam-  Bark- direction and the surface and (basis orien- of qua- Con-
Length eter hausen  magnetic material the magnetic weight: tation  magnetic lity veying
Composition  (mm) (um) Effect (mm) material (um) g/m?) rate material  defect trouble
Example 5 Fe—Co—Si 290 20 yes 2 40 2 layers 1.60 A A A
(90)
Comparative Fe—Co—Si 30 30 yes 0.5 30 2 layers 1.62 D D D
example 1 (80)
Comparative Fe—Co—Si 30 30 yes 0.6 4 3 layers 1.60 D D D
example 2 (74)
Comparative Fe—Co—B 290 20 yes 0.5 40 2 layers 1.63 C D D
example 3 (90)
Comparative Fe—Co—Si 30 30 yes 0 30 2 layers 1.60 D D D
example 4 (80)

[0166] The separation of the magnetic material, image

quality defect, and conveying trouble shown in Table 1 are

evaluated in the following manner:

[0167] [Separation of Magnetic Material]

[0168] Separation of magnetic material is evaluated

according to the following criteria, by examining the amount

of the magnetic material deposited on the paper feed roll,

transfer belt cleaner, and fixing roll in the apparatus after

printing 2000 half-tone images.

[0169] A: No separation of magnetic material observed

[0170] B: Almost no separation of magnetic material
observed

[0171] C: Some separation of magnetic material, causing
practical problems

[0172] D: Distinctive separation of magnetic material
observed

[0173] [Image Quality Defect]

[0174] The image quality defect is evaluated according to

the following criteria, by sampling an image immediately

before the end of the half-tone-image-forming test (on about

2,000th sheet) and visually observing the image defect such

as line and whitening due to separation of the magnetic mate-

rial.

[0175] A: No image defect in sample

[0176] B: Slight image defect in sample

[0177] C: Distinctive image defect in sample

[0178] [Conveying Trouble]

[0179] The conveying trouble is evaluated according to the

following criteria, by counting the number of conveying

troubles such as wrong feeding during the continuous 2,000-
sheet half-tone-image-forming test:

[0180] A: No conveying trouble

[0181] B:Oneormore and less than five conveying troubles
[0182] C: Five or more conveying troubles

[0183] The foregoing description of the exemplary
embodiments of the present invention has been provided for
the purposes of illustration and description. It is not intended
to be exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations will
be apparent to practitioners skilled in the art. The exemplary
embodiments were chosen and described in order to best
explain the principles of the invention and its practical appli-
cation, thereby enabling others skilled in the art to understand
the invention for various embodiments and with the various
modifications as are suited to the particular use contemplated.
It is intended that the scope of the invention be defined by the
following claims and their equivalents.

1-15. (canceled)

16. A sheet containing a magnetic material and a pulp-fiber,
and comprising a first region including the magnetic material
and a second region not including the magnetic material, the
respective regions extending in a belt-shape in a direction
substantially parallel to the pulp-fiber orientation direction
and being formed alternately in a direction substantially per-
pendicular to the pulp-fiber orientation direction,

the width of a second region formed between two neigh-

boring first regions being about 2 mm or more.
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