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(54) Stencil printing apparatus

(57) Provided is a stencil printing apparatus which
comprises a cylindrical drum (1) wound with a perfo-
rated stencil sheet (2) on its outer peripheral surface
and rotated around its central axis, a squeezing means
(3) disposed internally contacting with the inner periph-
eral surface of the drum and supplying a stencil printing
ink (6) to the outer peripheral surface of the drum, and a
pressing mechanism (4) pressing at least one of the
drum and a printing paper (5), thereby to bring the drum
and the printing paper into close contact with each other
and to transfer the ink onto the printing paper through
the perforated stencil sheet, in which the peripheral wall
of the cylindrical drum comprises an ink-permeable
porous member which generates heat upon passing an
electric current therethrough. The peripheral wall may
comprise a cylindrical porous material (1a) and a
porous layer (1b) of a heat generating resistance ele-
ment, which are laminated on each other. According to
the present stencil printing, the ink may be one that
reversibly changes in phase from solid state to liquid
state at a specific temperature, and thus warm-up time
before starting the printing can be shortened and
besides heat energy can be efficiently utilized.
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Description

[0001] The present invention relates to an apparatus
for stencil printing, and more particularly relates to an
apparatus for stencil printing which employs an ink that
changes in phase from solid state to liquid state to
improve drying of ink and inhibit occurrence of offset or
seep through on prints, and in which a time required for
warm-up before starting of printing is shortened and
heat energy efficiency is improved.
[0002] Stencil printing is utilized in a wide range of
fields since it is easy to make masters. However, a con-
siderable time is needed for drying of ink after stencil
printing, and thus there are problems that when a
printed paper is taken in hands just after printing, the ink
transfers to hands or when papers printed by continu-
ous printing are superposed, seep through of ink occurs
and this phenomenon is especially conspicuous on
papers inferior in permeability to ink, such as postal
cards. This is because drying of conventional stencil
printing inks depends on only penetration of oil phase
components and evaporation of water phase, and,
therefore, drying properties of ink are considerably
deteriorated on papers of the type inferior in ink perme-
ability.
[0003] In order to improve these defects, there have
been proposed to add a thermosetting component to an
oil phase and/or a water phase (JP-A-6-128516, JP-A-
6-172691) and to add solid fine particles to an emulsion
ink (JP-A-6-116525), but satisfactory results have not
yet been obtained.
[0004] Furthermore, in the case of conventional emul-
sion inks, viscosity of ink varies depending on the envi-
ronmental temperature, and, for example, ink becomes
soft at high temperatures to cause seep through of ink
or side or end leakage of ink, which is a phenomenon of
leakage of ink from an end portion of a stencil sheet
wound round a printing drum.
[0005] The object of the present invention is to provide
an apparatus for stencil printing, which employs an ink
that changes in phase from solid state to liquid state to
improve drying of the ink and inhibit occurrence of offset
or seep through on prints as well as the side or end
leakage of ink and which can shorten the time required
for warm-up before starting of printing and can effi-
ciently utilize heat energy.
[0006] According to the present invention, the object
can be attained by a stencil printing apparatus compris-
ing a cylindrical printing drum which is rotatable about
its central axis with a perforated stencil sheet wound
around its outer peripheral surface, a squeezing means
which is disposed in internal contact with an inner
peripheral surface of the drum so that a stencil printing
ink capable of reversibly changing in phase from solid
state to liquid state is supplied to the outer peripheral
surface of the drum, and a pressing mechanism which
presses at least one of the drum and a printing paper so
that while the printing paper is being moved synchro-

nously with rotation of the drum, the drum and the print-
ing paper are brought into close contact with each other
and the ink in liquid state is transferred from the inner
surface of the drum to the printing paper through the
stencil sheet, in which the drum comprises a peripheral
wall made of an ink-permeable porous member which
generates heat upon passing an electric current there-
through.

[0007] In the present stencil printing apparatus, a hot-
melt ink is used, which reversibly changes in phase from
solid state to liquid state at a given temperature. This
hot-melt ink becomes liquid having a certain viscosity by
a heating device at the time of stencil printing, and,
hence, it can be transferred onto a material to be printed
through the perforations of the stencil sheet. Moreover,
the liquid ink transferred onto the material instantane-
ously changes in phase to solid state while the material
is conveyed, and thus can be fixed on the material in a
short time. Therefore, even when a print obtained by the
present stencil printing apparatus is touched with hand,
the hand is not soiled with the ink, and, besides, no
seep through occurs when continuous printing is carried
out.
[0008] Furthermore, in the present stencil printing
apparatus, the peripheral wall of the printing drum is
made of an ink-permeable porous member which gen-
erates heat upon passing an electric current there-
through. In this way, the peripheral wall of the drum
through which the ink passes comprises a porous mem-
ber which generates heat upon passing an electric cur-
rent therethrough, and the porous member is connected
to a suitable electric source and generates heat upon
passing an electric current. Therefore, the hot-melt ink
present inside or in the vicinity of the peripheral wall can
be heated in a short time. As a result, the hot-melt ink in
the vicinity of the stencil sheet first changes in phase
from solid to liquid, and, thus, printing can be started
immediately. Moreover, the temperature of not only the
hot-melt ink but also the members contacting with the
drum preferentially rises due to the heating energy of
the porous member through which an electric current
has been passed. Therefore, the temperature gradient
of the present stencil printing apparatus is such that the
temperature of the drum is the highest and the temper-
ature lowers with increase of the distance from the
drum, resulting in a smaller loss of energy due to heat
conduction and heat radiation.
[0009] Furthermore, since the hot-melt ink used in the
present invention instantaneously changes in phase
from liquid to solid, it does not penetrate into the mate-
rial to be printed and no seep through of ink occurs.
Therefore, according to the present invention, printing
can be performed not only on usual printing papers and
postal cards inferior in ink permeability, but also on films
or metals.
[0010] The hot-melt ink is preferably one which revers-
ibly changes in phase from solid state to liquid state at
30-150°C, preferably 40-120°C. Hereupon, the solid
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state means a state of ink losing fluidity to such an
extent that the ink does not adhere to a finger when the
ink is touched with the finger, and the liquid state means
a state of ink higher in fluidity than in the solid state,
preferably, a state of ink having a viscosity to such an
extent that the ink can flow out through the perforations
of the stencil sheet. The phase changing temperature
means the maximum temperature at which the ink
keeps the solid state. If the phase changing tempera-
ture is lower than 30°C, the ink is fluidized when the
inside temperature of the stencil printing apparatus or
the environmental temperature reaches 30°C, and this
often causes stain of the printing apparatus and side or
end leakage of the ink. If the phase changing tempera-
ture is higher than 150°C, the heating device for ink
must be made larger, which needs a great energy, and,
besides, longer time is required for changing the phase
of ink to liquid state, and, thus, the waiting time before
starting the printing becomes longer.

[0011] The hot-melt ink can be prepared by mixing a
necessary amount of a colorant with the component
reversibly changing in phase from solid state to liquid
state at a specific temperature.
[0012] As the above reversibly phase-changing com-
ponent, waxes, fatty acid amides, fatty acid esters, res-
ins and the like are used, and examples thereof include
carnauba wax, microcrystalline wax, polyethylene wax,
montan wax, paraffin wax, candelilla wax, shellac wax,
oxidized wax, ester wax, bees wax, Japan wax, sperma-
ceti, stearic acid amide, lauric acid amide, behenic acid
amide, caproic acid amide, palmitic acid amide, low
molecular weight polyethylene, polystyrene, α-methyl-
styrene polymer, vinyltoluene, indene, polyamide, poly-
proylene, acrylic resin, alkyd resin, polyvinyl acetate,
ethylene-vinyl acetate copolymer, and vinyl chloride-
vinyl acetate copolymer. Melting point or softening point
of the reversibly phase-changing component is prefera-
bly 30-150°C, especially preferably 40-120°C.
[0013] Examples of the colorant include organic and
inorganic pigments such as furnace carbon black, lamp
black, cyanine blue, lake red, cyanine green, titanium
oxide, and calcium carbonate, and dyes such as azo,
anthraquinone and quinacridone dyes.
[0014] If necessary, the hot-melt ink may contain ani-
onic, cationic and nonionic dispersants such as sorbitan
fatty acid esters, fatty acid monoglyceride and quater-
nary ammonium salts.
[0015] The hot-melt ink may be in the form of an oil ink
and a W/O emulsion ink. The oil ink is prepared by mix-
ing and dissolving the reversibly phase-changing com-
ponent, the colorant, the dispersant, etc. The emulsion
ink capable of changing in phase is prepared by dissolv-
ing and mixing the reversibly phase-changing compo-
nent, the colorant, the dispersant and the like, and then
adding thereto water phase components with stirring to
emulsify the above components. The colorant may be
contained in the water phase.
[0016] When stencil printing is carried out using the

hot-melt ink, viscosity of the ink is usually 10-1,000,000
cps, preferably 100-100,000 cps. If the viscosity of the
ink in printing is lower than 10 cps, side or end leakage
of ink, which is a phenomenon of ink leaking from the
end or edge portion of a stencil sheet wound round a
drum) occurs and furthermore the ink rapidly penetrates
into the inside of a printed paper from the surface
thereof to cause seep through. If the viscosity of the ink
in printing is higher than 1,000,000 cps, the ink can
hardly pass through the perforations of the stencil
sheet, sometimes resulting in low printing density and
unevenness in printing.

[0017] In carrying out printing by allowing the ink in liq-
uid state to pass through the perforations of the perfo-
rated stencil sheet and transfer the ink onto a printing
paper in the printing apparatus of the present invention,
it is preferred that the stencil sheet and the printing
paper are pressed together under a pressure of 0.01-10
kg/cm2, preferably 0.05-5 kg/cm2 and the printing is car-
ried out for 0.001-10 seconds, preferably 0.005-5 sec-
onds. If the pressure is lower and the time is shorter, the
ink in liquid state hardly passes through the perforated
stencil sheet and, as a result, amount of the ink trans-
ferred onto the printing paper is small to cause low print-
ing density and unevenness in prints. On the other
hand, if the pressure is higher and the time is longer,
amount of the ink passing through the stencil sheet is
great and amount of the ink transferred onto the printing
paper is great, sometimes resulting in unclear prints
with blurring or blotting and, besides, causing seep-
through or setoff. Therefore, good prints can be
obtained when the printing time is prolonged in the case
of low pressure, and the printing time is shortened in the
case of high pressure.
[0018] Any stencil sheets of pressure-sensitive stencil
sheets, heat-sensitive stencil sheets and soluble-type
stencil sheets can be used for the stencil printing appa-
ratus of the present invention. The pressure-sensitive
stencil sheets can be perforated directly by a stencil
pen, dot printer, and the like to form an image. The heat-
sensitive stencil sheets can be perforated by superpos-
ing a light-absorbing original image and a stencil sheet
one upon another and exposing them to flash light or by
melting a stencil sheet by a thermal head to reproduce
an image. The soluble-type stencil sheet can be perfo-
rated by transferring a solvent onto the stencil sheet by
means of a solvent ejecting device to reproduce an
image and dissolve the stencil sheet at the image por-
tions.
[0019] The peripheral wall of the drum of the present
stencil printing apparatus comprises an ink-permeable
porous member which generates heat upon passing an
electric current therethrough. That is, the peripheral wall
comprises a porous member which has many pores
pierced so as to pass the ink from the inner surface to
the outer surface of the drum and which generates heat
upon passing an electric current by connecting with a
suitable electric source. Such heat generating porous
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members can be prepared by using heat generating
resistance elements such as reticulate heaters compris-
ing a reticulate fabric such as a woven fabric, a nonwo-
ven fabric or a gauze which is impregnated or coated
with an electroconductive resin such as carbon black
graft polymer, porous ceramics mainly composed of
barium titanate or the like and having PTC (positive tem-
perature coefficient) characteristics, and glass-like
(amorphous) carbon porous body. Preferred are those
which are of self-temperature-controlling type. This heat
generating resistance element alone may be molded
into a porous molded article and this may be used as
the peripheral wall of a cylindrical drum, but in order to
maintain mechanical strength, a porous layer of said
heat generating resistance element may be laminated
on a cylindrical porous structure such as a punching
metal, a metal sintered body having communicating
pores, a polymer porous body having communicating
pores, or the like. Furthermore, if necessary, ink-perme-
able materials used for drums of conventional stencil
printing apparatuses, such as metal fibers, synthetic fib-
ers, screen meshes, and polymeric porous sheets are
wound round said porous members to make a periph-
eral wall of multi-layer structure.

[0020] In the present stencil printing apparatus, the
peripheral wall of the cylindrical drum may be previously
impregnated with a hot-melt ink. That is, during the
drum being not heated, the hot-melt ink which is solid is
in the state of being present on the surface of the
porous member and filled in the pores of the porous
member, but when an electric current is passed through
the porous member, the inside of the porous member is
heated to make the hot-melt ink liquid. At this time, if a
perforated stencil sheet is mounted on the porous mem-
ber, immediately, it becomes possible to carry out print-
ing with the liquid ink.
[0021] In order to previously impregnate the porous
member with a hot-melt ink, for example, the hot-melt
ink is heated to make liquid, a cylindrical drum is
immersed in this liquid ink to fill the pores of the porous
member with the ink, and then the drum is taken out
from the liquid ink. The liquid ink filled in the pores of the
porous member becomes solid when cooled to lower
than the phase changing temperature. Thus, a drum
filled with a solid ink is obtained. Alternatively, it can also
be obtained by heating the peripheral wall under rotat-
ing the drum, and coating the peripheral wall with solid
or liquid hot-melt ink.
[0022] At the time of carrying out printing by the
present stencil printing apparatus, the peripheral wall of
the drum generates heat upon passing an electric cur-
rent therethrough whereby the ink in the vicinity of the
peripheral wall is heated to become liquid, and is
squeezed out of the peripheral wall by a squeezing
means disposed inside the rotating drum in contact with
the inner peripheral surface of the drum and transferred
onto the stencil sheet always in liquid state. However,
the ink which is present in the vicinity of the squeezing

means in the drum and does not reach the peripheral
wall need not be necessarily liquid. That is, when the ink
previously filled in the peripheral wall of the drum is con-
sumed for printing and becomes insufficient, hot-melt
ink in solid state may be supplied into the drum to con-
tinue the printing. The supplied solid ink shortly
becomes liquid with heating by the peripheral wall of the
drum and is used for printing.

[0023] According to the present invention, a perfo-
rated stencil sheet is wound round the outer peripheral
surface of the drum which rotates around its central axis
as in the case of conventional rotary stencil printing
apparatuses, and, in the state of a printing paper being
moved synchronously with the rotation of the drum, at
least one of the drum and the printing paper is pressed
by a pressing mechanism to bring them into close con-
tact with each other, whereby the hot-melt ink which has
changed in phase from solid state to liquid state by heat
inside the drum is allowed to pass through the perfora-
tions of the stencil sheet and transferred onto the print-
ing paper. Thus, printing is performed.
[0024] The pressing mechanism is provided, for
example, outside the drum in opposition thereto, and
can be a pressing means comprising a rigid body or an
elastic body which presses the outer peripheral surface
of the drum, such as a metal roller, a rubber roller or the
like, or can be a means which presses outwardly the
squeezing means comprising a rigid body or an elastic
body such as a metal roller, a plastic roller or the like to
expand the peripheral wall of the drum.
[0025] Hereinafter, the preferred embodiments of the
present invention will be explained with reference to the
accompanying drawings, in which

FIG. 1 is a schematic sectional view of an embodi-
ment of the stencil printing apparatus of the present
invention, and

FIG. 2 is a schematic sectional view of another
embodiment of the stencil printing apparatus of the
present invention.

[0026] The stencil printing apparatus of FIG. 1 has an
ink-permeable cylindrical printing drum 1, and the
peripheral wall of the drum 1 is made of a porous mem-
ber comprising a cylindrical punching metal 1a and a
reticulate heat generating resistance element 1b wound
round the outer surface of the peripheral wall. This retic-
ulate heat generating resistance element 1b is an ink-
permeable reticulate heater comprising a glass cloth
coated and impregnated with an electroconductive
resin, and is connected to an electric source (not
shown) through an electrode (not shown) and gener-
ates heat upon passing an electric current there-
through. Furthermore, a perforated stencil sheet 2 is
wound round the outer peripheral surface of the drum 1
comprising the porous member. Moreover, the stencil
printing apparatus has as a squeezing means a
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squeeze roller 3 disposed internally contacting with the
inner surface of the cylindrical punching metal 1a. In
addition, outside the drum 1, there is provided under the
drum a press roller 4 as a pressing mechanism which
presses a printing paper 5 to the stencil sheet 2 and
simultaneously rotates synchronously with the rotation
of the drum 1 to carry the printing paper 5.

[0027] In the construction mentioned above, upon
passing an electric current through the reticulate heat
generating resistance element 1b, the peripheral wall of
the drum generates heat and the hot-melt ink present in
the peripheral wall and in the vicinity of the wall is
changed in phase from solid to a liquid ink 6. In this
instance, when the drum 1 is rotated and simultane-
ously the printing paper 5 is carried synchronously with
the rotation of the drum with pressing the printing paper
against the outer peripheral surface of the drum 1 by the
press roller 4, the liquid ink 6 is squeezed out of the
drum 1 by the squeeze roller 3 and the liquid ink which
passes through the stencil sheet 2 is transferred onto
the printing paper 5, and, thus, printing is performed.
When the transferred ink is exposed to room tempera-
ture during carrying of the printing paper 5, the ink
instantaneously becomes solid ink 7 and is fixed.
[0028] The stencil printing apparatus of FIG. 2 is the
same as that of FIG. 1, except that the peripheral wall of
the drum 1 is made of an ink-permeable cylindrical
porous member comprising a foamed and molded body
of electroconductive carbon. The electrode and electric
source for passing an electric current through the
porous member are not shown. According to this con-
struction, the drum of the present invention can be man-
ufactured easily at a low cost.

Examples

[0029] The present invention will be explained in more
detail by the following examples.

Example 1

[0030] Stencil printing was carried out in the following
manner using the stencil printing apparatus of FIG. 1.
[0031] An ink-permeable reticulate heat generating
resistance element 1b comprising a glass cloth coated
and impregnated with an electroconductive resin of a
carbon black graft polymer was wound round the outer
peripheral surface of a cylindrical punching metal 1a of
10 cm in diameter having pores of 1 mm in pore diame-
ter (opening ratio 25%), and slidable electrodes were
provided at both ends of the heat generating resistance
element to form a drum 1. A metal roller of 2 cm in diam-
eter disposed so as to slidably contact with the inner
peripheral surface of the drum 1 by a pressing mecha-
nism not shown was used as the squeeze roller 3. Then,
a perforated stencil sheet 2 was wound round the outer
periphery of the drum 1. Thereafter, with rotating the
drum 1, an electric current was passed through the heat

generating resistance element 1b to heat the inner
peripheral surface of the punching metal at 70°C. Then,
when a solid hot-melt ink consisting of 5 parts by weight
of carbon black, 85 parts by weight of paraffin wax, and
10 parts by weight of ethylene-vinyl acetate copolymer
was supplied to the inside of the drum 1 by an ink sup-
plying means not shown, the ink becomes liquid. At this
time, when a printing paper 5 was passed with being
pressed to contact with the drum 1 by the press roller 4,
the ink in liquid state passed through the perforations of
the stencil sheet 2 and was transferred in liquid state
onto the printing paper 5. The ink in liquid state trans-
ferred onto the printing paper 5 became instantaneously
ink 7 in solid state on the printing paper 5, whereby clear
images were printed on the printing paper.

[0032] Even if the print was rubbed with hands, the
hands were not stained with ink. Moreover, when con-
tinuous printing of 100 copies was carried out, no set-off
occurred on the prints that were superposed on each
other.
[0033] When the stencil printing apparatus was cooled
to room temperature after printing was once completed,
the hot-melt ink became solid in the state of being filled
in the punching metal 1a and the heat generating resist-
ance element 1b. When an electric current was passed
through the heat generating resistance element 1b so
that the temperature of the drum 1 increased again to
70°C, printing was able to start immediately.

Example 2

[0034] Stencil printing was carried out using the sten-
cil printing apparatus of FIG. 2 in the following manner.
[0035] Electrodes were provided at both ends of a
cylindrical foamed body that was molded out of electro-
conductive carbon (average pore size: 10 µm, porosity:
60%) of 5 cm in inner diameter, 6 cm in outer diameter,
and 20 cm in length, and this was employed as the drum
1. Then, an electric current was passed through the
drum 1 to heat the drum while the same hot-melt ink as
in Example 1 is supplied to the drum 1. When tempera-
ture of the squeeze roller 3 reached 70°C at its surface
contacting the drum 1, the hot-melt ink changed in
phase from solid state to liquid state, and upon carrying
out stencil printing in the same manner as in Example 1,
clear images were printed. Even if the print was rubbed
with hands, the hands were not stained with ink. Moreo-
ver, when continuous printing of 100 copies was carried
out, no set-off occurred on the prints that were super-
posed on each other.
[0036] When the stencil printing apparatus is cooled
to room temperature after printing was once completed,
the hot-melt ink became solid in the state of being filled
in the carbon foamed body of the drum 1. When an elec-
tric current was passed so that the temperature of the
drum 1 rose again to 70°C, printing was able to start
immediately.
[0037] According to the present invention, since the
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peripheral wall of the cylindrical printing drum of the
stencil printing apparatus comprises an ink-permeable
porous member which generates heat by passing an
electric current, warm-up time before starting the print-
ing can be shortened, and, furthermore, heat energy
can be efficiently used for printing. Moreover, since a
hot-melt ink is used, clear prints free from set-off or
seep through can be obtained, and, besides, even if the
prints just after printed are touched, the prints are not
stained and printing can be efficiently performed. In
addition, since the ink instantaneously changes in
phase from liquid to solid on the printing paper, printing
can be performed not only on normal printing papers or
postal cards inferior in ink permeability, but also on films
or metals.

Claims

1. A stencil printing apparatus comprising

a cylindrical printing drum which is rotatable
about its central axis with a perforated stencil
sheet wound round its outer peripheral surface,
a squeezing means which is disposed in inter-
nal contact with an inner peripheral surface of
said drum, whereby a stencil printing ink capa-
ble of reversibly changing in phase from solid
state to liquid state is supplied to the outer
peripheral surface of the drum, and
a pressing mechanism which presses at least
one of said drum and a printing paper, whereby
while said printing paper is being moved syn-
chronously with rotation of said drum, said
drum and said printing paper are brought into
close contact with each other and said ink in
liquid state is transferred from the inner surface
of said drum to said printing paper through the
stencil sheet,
in which said drum comprises a peripheral wall
made of an ink-permeable porous member
which generates heat upon passing an electric
current therethrough.

2. A stencil printing apparatus according to claim 1,
wherein said peripheral wall of the drum comprises
a cylindrical porous material to which a porous layer
of a heat generating resistance element is lami-
nated.

3. A stencil printing apparatus according to claim 1,
wherein said peripheral wall of the drum comprises
a porous molded body of a heat generating resist-
ance element.

4. A stencil printing apparatus according to claim 1,
wherein said stencil printing ink reversibly changes
in phase from solid state to liquid state at a temper-
ature of 30-150°C.
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