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(54) METHOD FOR PRODUCING ARAMID PAPER

(57) A method for producing aramid paper that in-
volves performing a hot-pressing step of mixing short ar-
amid fibers and aramid fibrids in a mass ratio of 60/40 to
10/90 and forming a sheet, sandwiching the sheet ob-
tained between a pair of heating elements, and applying
a pressure of at least 500 kg/cm2 at least two times,

wherein the hot-pressing step that is performed at least
two times comprises a hot-pressing step (a) at a temper-
ature exceeding the glass transition temperature of ara-
mid and a hot-pressing step (b) performed thereafter at
a temperature less than the glass transition temperature
of aramid.
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Description

Technical Field

[0001] The present invention relates to a method for producing an electrically insulating material having excellent heat
resistance, particularly a method for producing aramid paper which makes it possible to produce thin aramid paper
having high strength and insulating property.

Background Art

[0002] The application of molding materials made of heat-resistant polymers has been considered for the field of
electrical insulation where heat resistance is required, and paper with improved strength and/or thermal stability, produced
using these heat-resistant polymers, has been developed. For example, aramid paper, which is a synthetic paper made
of aromatic polyamide, has been used as a base for electrically insulating materials and aircraft honeycombs due to its
excellent heat resistance, flame retardance, electrical insulating property, toughness, and flexibility. Among these ma-
terials, paper containing Nomex (registered trademark) fibers manufactured by DuPont (USA) is produced by mixing
poly(meta-phenylene isophthalamide) short fibers and fibrids in water, then papermaking the mixed slurry, followed by
calendering process. This paper is known to still have high strength and toughness as well as excellent electrical insulating
property, even at high temperatures.
[0003] In recent years, since equipment requiring insulating materials, such as transformers and motors, has become
smaller and lighter, there has been a need for materials that are even thinner and have higher electrical insulating
performance.
[0004] A common method to make paper thinner is to reduce the basis weight of the resulting aramid paper, but this
also reduces the density of the resulting aramid paper, leading to a problem that sufficient strength and insulating property
cannot be obtained. In view of this, as a method for obtaining thin aramid paper, Patent Literature 1, for example,
discloses a method for producing aramid paper that includes sandwiching aramid paper made of a mixture of fibrids
formed from aromatic polyamides and short fibers between at least a pair of heating elements, followed by hot pressing,
wherein the shrinkage rate of the aramid paper after hot pressing by the heating elements is 3% or less. In this method,
a pair of calender rolls is used as the pair of heating elements, and the hot pressing is performed once at a calender roll
surface temperature of 250°C and a roll pressure of 2500 kg/cm2 or 1250 kg/cm2. This method has been shown to
produce a thin electrical insulating sheet material with high heat resistance (Examples). On the other hand, it has been
shown that aramid paper of the desired thinness cannot be obtained when the hot pressing is performed at 330°C, which
is a temperature above the glass transition temperature of aramid paper (Comparative Examples 2 and 3).

Citation List

Patent Literatures

[0005] Patent Literature 1: Japanese Patent Application Publication No. 2016-223021

Summary of Invention

[0006] An object of the present invention is to provide a method for producing aramid paper which, in addition to being
thin, dense, and excellent in electrical properties, can further produce aramid paper having high mechanical properties,
in particular, high tensile strength.
[0007] In view of the above circumstances, the present inventors have made earnest studies and arrived as a result
at the present invention based on the knowledge that the above object can be achieved by performing, at least twice,
a hot-pressing treatment step under specific temperature conditions in which a sheet-shaped material formed from a
mixture with specific ratios of aramid short fibers and aramid fibrids is sandwiched between a pair of heating elements
and subjected to a high pressure.
[0008] Specifically, the present invention provides the following [1] to [10].

[1] A method for producing aramid paper, including: performing, at least twice, a hot-pressing treatment step in
which aramid short fibers and aramid fibrids are mixed in a mass ratio of 60/40 to 10/90 to form a sheet-shaped
material, and the resulting sheet-shaped material is sandwiched between a pair of heating elements and subjected
to a pressure of 500 kg/cm2 or more, wherein the hot-pressing treatment step performed at least twice includes a
hot-pressing treatment step (a) at a temperature above a glass transition temperature of aramid and a subsequent
hot-pressing treatment step (b) at a temperature below the glass transition temperature of aramid.
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[2] The production method according to [1], wherein the hot-pressing treatment step (a) is performed at a temperature
higher than the glass transition temperature of aramid by 15°C or higher and lower than a decomposition temperature
of aramid.
[3] The production method according to [1] or [2], wherein the hot-pressing treatment step (b) is performed at a
temperature lower than the glass transition temperature of aramid by 10°C to 180°C.
[4] The production method according to any one of [1] to [3], further including a pressure releasing step between
the hot-pressing treatment steps (a) and (b), in which pressure on the hot-pressed sheet is released.
[5] The production method according to any one of [1] to [4], wherein the pair of heating elements is a pair of calender
rolls.
[6] The production method according to any one of [1] to [5], wherein aramid constituting the aramid short fibers
and the aramid fibrids is polymetaphenylene isophthalamide.
[7] Aramid paper which is made into a sheet by mixing aramid short fibers and aramid fibrids in a mass ratio of 60/40
to 10/90, with a thickness of 5 to 35 mm, a density of 0.70 to 1.0 g/cm3, and a tensile strength of 45 MPa or more.
[8] The aramid paper according to [7], which has a density of 0.75 to 0.95 g/cm3.
[9] The aramid paper according to [7] or [8], which has a basis weight of 5 to 25 g/m2.
[10] The aramid paper according to any one of [7] to [9], which is obtained by the production method according to
any one of [1] to [6].

[0009] According to the production method of the present invention, by appropriately adjusting the amount of aramid
short fibers and aramid fibrids used as raw materials for the production of aramid paper, as well as the pressing pressure
in the hot-pressing treatment step, it is possible to easily produce aramid paper with a wide range of thicknesses, for
example, up to 200 mm, and with excellent mechanical properties, electrical properties, and heat resistance. In particular,
according to the production method of the present invention, it is possible to produce aramid paper having the same or
smaller thickness than the aramid paper disclosed in Patent Literature 1 having even higher mechanical properties,
particularly high tensile strength.
[0010] Thus, according to the production method of the present invention, it is possible to obtain an excellent industrial
effect that aramid paper with high heat resistance and thinness, as well as excellent mechanical and electrical properties
can be easily produced to meet the needs for smaller and lighter transformers, motors, and the like.
[0011] Hereinafter, the present invention is described in detail.

Description of Embodiments

[Aramid]

[0012] In the present invention, aramid means a linear polymer compound in which 60% or more of its amide bonds
are directly bonded to an aromatic ring. Such an aramid includes, for example, polymetaphenylene isophthalamide and
copolymers thereof, polyparaphenylene terephthalamide and copolymers thereof, copolyparaphenylene 3,4’-diphenyl
ether terephthalamide, and the like. These aramids are industrially produced, for example, by a solution polymerization
method involving a condensation reaction between an aromatic acid dichloride and an aromatic diamine, a two-step
interfacial polymerization method, or the like, and are available as commercial products, but are not limited thereto.
Among these aramids, polymetaphenylene isophthalamide is preferably used because it has properties such as good
molding processability, heat adhesion, flame retardance, and heat resistance.

[Aramid short Fiber]

[0013] In the present invention, the aramid short fiber is a fiber made from aramid cut into a predetermined length,
and such a fiber includes, but is not limited to, those available under the trade names "Teijinconex (registered trademark)"
from Teijin Limited, "Nomex (registered trademark)" from DuPont, and the like, for example.
[0014] The length of the aramid short fibers can generally be selected from the range of 1 mm or more and less than
25 mm, and preferably 2 mm or more and less than 12 mm. When the length of the short fibers is 1 mm or more, the
mechanical properties of the sheet material are good, and meanwhile, those having a length of 25 mm or less are
preferable because they can suppress the occurrence of "entanglement" and "binding" in the production of aramid paper
by the wet method described later.
[0015] The fiber diameter of the aramid short fibers can be selected from the range of, for example, 0.1 to 40 mm,
preferably 0.5 to 25 mm, and more preferably 1 to 20 mm.
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[Aramid Fibrid]

[0016] In the present invention, the aramid fibrid is a film-shaped fine particle composed of aramid, and is sometimes
referred to as aramid pulp. The method for producing aramid fibrid include, for example, the methods described in
Japanese Examined Patent Application Publication No. Sho 35-11851, Japanese Examined Patent Application Publi-
cation No. Sho 37-5732, and the like. The aramid fibrid has papermaking properties like ordinary wood (cellulose) pulp,
and can be formed into a sheet by a papermaking machine after being dispersed in water. In this case, a so-called
beating process can be performed for the purpose of maintaining the quality suitable for papermaking. This beating
process can be performed by a disc refiner, beater, or other papermaking raw material processing device that exerts a
mechanical cutting action. In this operation, the morphological change of the fibrid can be monitored at the freeness
specified in JIS P8121. In the present invention, the freeness of the aramid fibrid after the beating process is preferably
in the range of 10 to 300 cm3 (Canadian standard freeness). With a fibrid having a freeness in this range, it is possible
to suppress a decrease in the strength of the sheet-shaped material formed therefrom. On the other hand, when the
freeness is larger than 10 cm3, the progress of fibrid refinement can be suppressed, so that the so-called deterioration
of the binder function can be suppressed.

[Method for Producing Aramid Paper]

[0017] Aramid paper in the present invention is produced by a method for producing aramid paper, including: performing,
at least twice, a hot-pressing treatment step in which aramid short fibers and aramid fibrids are mixed in a mass ratio of
60/40 to 10/90 to form a sheet-shaped material, and the resulting sheet-shaped material is sandwiched between a pair
of heating elements and subjected to a pressure of 500 kg/cm2 or more, wherein the hot-pressing treatment step
performed at least twice includes a hot-pressing treatment step (a) at a temperature above a glass transition temperature
of aramid and a subsequent hot-pressing treatment step (b) at a temperature below the glass transition temperature of
aramid.
[0018] In this production method, the aramid short fibers and aramid fibrids are first mixed in a mass ratio of 60/40 to
10/90, preferably in a mass ratio of 55/45 to 15/85, and more preferably in a mass ratio of 50/50 to 20/80 to form a sheet-
shaped material. Specifically, for example, it is possible to apply a method in which the above aramid short fibers and
aramid fibrids are dry blended and then airflow is used to form a sheet, a method in which aramid short fibers and aramid
fibrids are dispersed and mixed in a liquid medium and then discharged onto a liquid-permeable support, such as a net
or belt, to form a sheet, which is then dried by removing the liquid, and the like, but among these, the so-called wet paper
making method using water as the medium is preferably selected.
[0019] In the wet paper making method, it is a general method that a single or mixed aqueous slurry containing at
least aramid fibrids and aramid short fibers is pumped into a papermaking machine, dispersed, and then dehydrated,
pressed, and dried before being rolled into sheets. As the papermaking machine, a long net papermaking machine, a
circular net papermaking machine, an inclined papermaking machine, and a combination papermaking machine com-
bining these, and the like are used. In the case of production with a combination papermaking machine, a composite
sheet composed of multiple paper layers can be obtained by forming sheets of slurries having different mixing ratios
and putting them together. Additives such as dispersibility improvers, defoamers, and paper strength enhancers are
used during papermaking as needed.
[0020] Further, in addition to the above-mentioned aramid short fibers, other fibrous components (for example, organic
fibers such as polyphenylene sulfide fibers, polyether ether ketone fibers, cellulosic fibers, PVA fibers, polyester fibers,
polyarylate fibers, liquid crystal polyester fibers, and polyimide fibers, and inorganic fibers such as glass fibers, rock
wool, asbestos, and boron fibers) can be added as long as the object of the present invention is not impaired. In this
case, the proportion of the aramid short fibers in the total constituent fibers is 80% by mass or more, and more preferably
90% by mass or more.

[Hot Pressing]

[0021] A hot-pressing treatment step is performed at least twice in which the sheet-shaped material obtained as
described above is sandwiched between a pair of heating elements and subjected to a pressure of 500 kg/cm2 or more.
Here, the hot-pressing treatment step performed at least twice includes a hot-pressing treatment step (a) at a temperature
above a glass transition temperature of aramid and a subsequent hot-pressing treatment step (b) at a temperature below
the glass transition temperature of aramid. By performing such a specific hot pressing, the thickness of the resulting
aramid paper can be reduced, and the density and mechanical strength can be improved.
[0022] In the present invention, it is preferable to use a pair of calender rolls as the pair of heating elements.
[0023] The pressure is preferably 500 to 10000 kg/cm2, and more preferably 1000 to 5000 kg/cm2.
[0024] Here, the hot-pressing treatment step (a) is preferably performed at a temperature higher than the glass transition
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temperature of aramid by 15°C or higher, preferably 20°C or higher, and below the decomposition temperature of aramid,
preferably up to 380°C, while applying a pressure of 500 kg/cm2 or more.
[0025] Generally, the glass transition temperature of aramid is considered to be around 280°C, and the decomposition
temperature is considered to be around 400°C.
[0026] In addition, the hot-pressing treatment step (b) is preferably performed at a temperature lower than the glass
transition temperature of aramid by 10°C, preferably by 20°C to 180°C, and preferably by 100°C, while applying a
pressure of 500 kg/cm2 or more. Note that it is more preferable that the heating temperature difference between the hot-
pressing treatment steps (a) and (b) is 50°C or more.
[0027] In the present invention, the heating temperature in the hot-pressing treatment step can be expressed as the
surface temperature of the heating elements, and when calender rolls are used as the heating elements, it can be
expressed as the surface temperature of the calender rolls.
[0028] In the present invention, the mechanical strength can be further improved by performing hot pressing at a
temperature above the glass transition temperature, and due to the high temperature of the heating elements, the sheet,
once compressed in the thickness direction by the heating elements, also swells in the thickness direction immediately
after being released from the heating elements, and the effect is particularly large for thinner sheets, which is a factor
that makes it impossible to increase the strength of thin aramid paper and at the same time increase its density. In view
of the above, by performing hot pressing more than once with the above temperature difference, it has become possible
to obtain aramid paper that is thin and has both mechanical properties and electrical properties.
[0029] In the method for producing aramid paper of the present invention, it is preferable that there is a pressure
releasing step between the hot-pressing treatment steps (a) and (b), in which pressure on the hot-pressed sheet is
released. In this pressure releasing step, the temperature of the hot-pressed aramid paper is preferably cooled below
the glass transition temperature by being released from the pressure by a pair of heating elements, preferably a pair of
calender rolls, and coming into contact with outside air, preferably air. Such a pressure releasing step can be provided
by installing a pair of calender rolls and a subsequent pair of calender rolls at a distance from each other.
[0030] In the method for producing aramid paper of the present invention, in addition to the above-mentioned hot-
pressing treatment steps (a) and (b), a pressure treatment step at room temperature or the like may be combined. In
addition, the hot-pressing treatment step (b) may include multiple hot-pressing treatment steps having different pressures
and temperatures. Further, before the hot-pressing treatment step (b) is performed, multiple hot-pressing treatment
steps (a) may be performed.

[Aramid Paper]

[0031] In the production method of the present invention, by appropriately adjusting the amount of aramid short fibers
and aramid fibrids used as raw materials for the production of aramid paper, as well as the pressurization pressure in
the hot-pressing treatment step, it is possible to easily produce aramid paper with a wide range of thicknesses, for
example, up to 200 mm (preferably 5 mm or more and 100 mm or less, with a density of 0.70 to 1.0 g/cm3), and with
excellent mechanical properties, electrical properties, and heat resistance. In particular, according to the production
method of the present invention, it is possible to produce aramid paper having the same or smaller thickness than the
aramid paper disclosed in Patent Literature 1 having even higher mechanical properties, particularly high tensile strength.
[0032] In the present invention, in particular, it is possible to produce aramid paper which is made into a sheet by
mixing aramid short fibers and aramid fibrids in a mass ratio of 60/40 to 10/90, with a thickness of 5 to 35 mm, a density
of 0.70 to 1.0 g/cm3, preferably 0.75 to 0.95 g/cm3, and a tensile strength of 45 MPa or more. Here, the thickness is
preferably 10 to 30 mm, and more preferably 15 to 30 mm.
[0033] Further, it is possible to produce aramid paper having the above properties and having a basis weight of 5 to
25 g/m2, and preferably 10 to 25 g/m2.
[0034] In the present invention, the tensile strength represents the tensile strength per unit cross-sectional area, and
the average value in the vertical direction and the horizontal direction is taken as the tensile strength. The tensile strength
of the aramid paper of the present invention is preferably 45 MPa or more, more preferably 47 MPa or more, and further
preferably 50 MPa or more. The upper limit of the tensile strength is preferably 120 MPa.
[0035] In the present invention, the glass transition temperature is a value obtained by raising the temperature of a
test specimen from room temperature at a rate of 3°C/min and measuring the calorific value using a differential scanning
calorimeter, drawing two extension lines on the endothermic curve, and then intersecting the endothermic curve with
the 1/2 straight line between the extension lines, and the glass transition temperature of the aramid paper used in the
Examples was 275°C.
[0036] According to the production method of the present invention, it is possible to obtain an excellent industrial effect
that aramid paper with high heat resistance and thinness, as well as excellent mechanical and electrical properties can
be easily produced to meet the needs for smaller and lighter transformers, motors, and the like.



EP 3 929 354 A1

6

5

10

15

20

25

30

35

40

45

50

55

Examples

[0037] Hereinafter, the present invention is described in more detail with reference to Examples. Note that these
Examples are merely examples, and are not intended to limit the contents of the present invention.

[Measuring Method]

(1) Sheet Basis Weight, Thickness, and Density

[0038] It was carried out in accordance with JIS C 2300-2, and the density was calculated by (basis weight/thickness).

(2) Tensile Strength

[0039] It was carried out in the vertical direction and the horizontal direction in accordance with ASTM D-828, and
after calculating the average value of both, it was calculated as the tensile strength per unit cross-sectional area by
(tensile strength per unit width/thickness).

(3) Breakdown Voltage

[0040] It was carried out in accordance with ASTM D149 by the direct voltage increase method using alternating
current with an electrode diameter of 51 mm.

[Preparation of Raw Materials]

[0041] Fibrids of polymetaphenylene isophthalamide were produced by a method using a pulp particle production
apparatus (wet precipitator) composed of a combination of a stator and a rotor described in Japanese Examined Patent
Application Publication No. Sho 52-15621. This was treated with a beating machine to adjust to a length-weighted
average fiber length of 0.9 mm (freeness of aramid fibrids: 100 cm3 (Canadian standard freeness)). On the other hand,
meta-aramid fibers manufactured by DuPont (Nomex (registered trademark), single yarn fineness 2 denier, fiber diameter
15 mm) were cut into a length of 6 mm (hereinafter referred to as "aramid short fibers") and used as a raw material for
papermaking.

[Examples 1 to 4]

[0042] Aramid fibrids and aramid short fibers prepared as described above were dispersed in water to prepare slurries.
These slurries were mixed so that the aramid fibrids and aramid short fibers had the blending ratios (mass ratios) shown
in Table 1, and sheet-shaped materials were prepared with a TAPPI-type manual paper machine (cross-sectional area
625 cm2). Subsequently, the resulting sheets were adjusted by a pair of metal calender rolls so that the peripheral length
of the contact between the rolls and the aramid paper was 1 mm, and then hot pressed twice under the conditions shown
in Table 1 to obtain aramid paper. Table 1 shows the main characteristic values of the aramid paper thus obtained.

Table 1

Characteristic Unit Example 1 Example 2 Example 3 Example 4

Raw Material Composition % by Mass
Aramid Fibrid 80 80 50 50
Aramid short Fiber 20 20 50 50

Hot Pressing (1st Time)
Pressure kg/cm2 2500 2500 2500 2500
Roll Surface Temperature °C 330 330 330 330

Hot Pressing (2nd Time)
Pressure kg/cm2 2500 2500 2500 2500
Roll Surface Temperature °C 200 250 200 250

Basis Weight g/m2 20 20 20 20

Thickness mm 23 24 25 26
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[0043] From the results in Table 1, regarding the aramid paper of the present invention (Examples 1 to 4), it can be
seen that by performing a specific hot pressing multiple times, it is possible to obtain aramid paper which is thin and has
both mechanical properties and electrical properties. Further, the aramid paper produced in this way is useful as an
insulating material for transformers, motors, and the like due to the high heat resistance of the aramid material.

[Comparative Examples 1 to 4]

[0044] Aramid fibrids and aramid short fibers prepared as described above were dispersed in water to prepare slurries.
These slurries were mixed so that the aramid fibrids and aramid short fibers had the blending ratios (mass ratios) shown
in Table 2, and sheet-shaped materials were prepared with a TAPPI-type manual paper machine (cross-sectional area
625 cm2). Subsequently, the resulting sheets were adjusted by a pair of metal calender rolls so that the peripheral length
of the contact between the rolls and the aramid paper was 1 mm, and then hot pressed under the conditions shown in
Table 2 to obtain aramid paper. Table 2 shows the main characteristic values of the aramid paper thus obtained.

[0045] As is clear from Table 2 above, regarding the aramid paper of Comparative Examples 1 to 4, although a certain
thinness was obtained, high-density paper was not obtained. Further, the aramid paper of Comparative Examples 1, 2,
and 4 also has low tensile strength per unit cross-sectional area. Therefore, in order to obtain aramid paper that is thin
and has both mechanical properties and electrical properties, which is useful as a thin insulating material for downsizing
and weight reduction of equipment such as transformers and motors, it has been found to be effective to use the aramid
paper exemplified in the above Examples.

Claims

1. A method for producing aramid paper, comprising: performing, at least twice, a hot-pressing treatment step in which
aramid short fibers and aramid fibrids are mixed in a mass ratio of 60/40 to 10/90 to form a sheet-shaped material,
and the resulting sheet-shaped material is sandwiched between a pair of heating elements and subjected to a
pressure of 500 kg/cm2 or more, wherein the hot-pressing treatment step performed at least twice includes a hot-

(continued)

Characteristic Unit Example 1 Example 2 Example 3 Example 4

Density g/cm3 0.86 0.83 0.78 0.76

Tensile Strength MPa 53 52 55 54

Breakdown Voltage kV/mm 31 30 30 29

Table 2

Characteristic Unit Comparative 
Example 1

Comparative 
Example 2

Comparative 
Example 3

Comparative 
Example 4

Raw Material 
Composition

% by 
Mass

Aramid Fibrid 80 80 50 20
Aramid Short Fiber 20 20 50 80

Hot Pressing
Pressure kg/cm2 2500 2500 2500 2500
Roll Surface 
Temperature

°C 250 330 330 330

Basis Weight g/m2 20 20 20 20

Thickness mm 27 52 39 49

Density g/cm3 0.74 0.38 0.51 0.41

Tensile Strength MPa 33 30 44 31

Breakdown Voltage kV/mm 25 16 18 14
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pressing treatment step (a) at a temperature above a glass transition temperature of aramid and a subsequent hot-
pressing treatment step (b) at a temperature below the glass transition temperature of aramid.

2. The method according to claim 1, wherein the hot-pressing treatment step (a) is performed at a temperature higher
than the glass transition temperature of aramid by 15°C or higher and lower than a decomposition temperature of
aramid.

3. The method according to claim 1 or 2, wherein the hot-pressing treatment step (b) is performed at a temperature
lower than the glass transition temperature of aramid by 10°C to 180°C.

4. The production method according to any one of claims 1 to 3, further comprising a pressure releasing step between
the hot-pressing treatment steps (a) and (b), in which pressure on the hot-pressed sheet is released.

5. The production method according to any one of claims 1 to 4, wherein the pair of heating elements is a pair of
calender rolls.

6. The production method according to any one of claims 1 to 5, wherein aramid constituting the aramid short fibers
and the aramid fibrids is polymetaphenylene isophthalamide.

7. Aramid paper which is made into a sheet by mixing aramid short fibers and aramid fibrids in a mass ratio of 60/40
to 10/90, with a thickness of 5 to 35 mm, a density of 0.70 to 1.0 g/cm3, and a tensile strength of 45 MPa or more.

8. The aramid paper according to claim 7, which has a density of 0.75 to 0.95 g/cm3.

9. The aramid paper according to claim 7 or 8, which has a basis weight of 5 to 25 g/m2.

10. The aramid paper according to any one of claims 7 to 9, which is obtained by the production method according to
any one of claims 1 to 6.
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