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Description

Technical Field

[0001] The present invention relates to a method for producing fibers to which silicone is fixed by electron beam
irradiation.

Background Art

[0002] A wide variety of organopolysiloxanes such as a dimethylpolysiloxane, an epoxy group containing organopo-
lysiloxane, and an amino group containing organopolysiloxane have been used as a fiber treatment agent for imparting
softness, smoothness, etc. to various fibers and fiber products. In particular, the amino group containing organopoly-
siloxane provides good softness and is used in a larger amount than any other organopolysiloxane. The fiber treatment
agent is generally in the formof an emulsion containingwater as a dispersionmedium. In themost commonmethod for the
treatment of fibers, the fibers are coated or impregnated with the emulsion, and then dried by heating. The fibers treated
with silicone have an excellent texture immediately after the treatment. However, the effective component (silicone) of the
treatment agent is washed away from the fibers after washing several times, and thus the texture will be reduced. The
reason for thismay be that the above silicone treatment agent is unable to react with the fibers, and the silicone is not fixed
to the fiber surface, but is present on the fiber surface due to a weak adsorption effect of the amino group on the fibers.
[0003] Therefore, e.g., further studies have beenmade to incorporate silicone oil into synthetic resins to form synthetic
fibers such as polyester fibers, nylon fibers, and acrylic fibers. However, since the compatibility between the silicone and
these synthetic resins is low, it is very difficult to formuniform fibers inwhich the synthetic resins and the silicone aremixed
together. Accordingly, the use of silicone having a functional group that may react with a functional group present on the
fiber surface, such asan epoxy groupor analkoxy group, has also been considered.However, if the silicone having such a
functional group is in the form of an emulsion, the emulsion has poor stability over time, so that the treatment agent cannot
be used because it becomes thickened before use.
[0004] To deal with the issue, there is a method for forming a silicone rubber film on the surface. The rubber film is
composed of a curable silicone emulsion composition, which is conventionally known to have various compositions. For
example, Patent Document 1 proposes a silicone emulsion composition that includes an anionically stabilized hydro-
xylated diorganopolysiloxane, colloidal silica, andan organotin compoundor anorganic amine compoundandhas apHof
9 to 11.5. Patent Document 2 discloses a silicone latex composition that includes a siloxane block copolymer having
dimethylsiloxane units and monophenylsiloxane units, water, a cationic surfactant, a filler, and an aminosilane. Patent
Document3proposesasiliconeemulsioncomposition that includesahydroxyl groupcontainingorganopolysiloxane,aSi-
H group containing organopolysiloxane, colloidal silica, an amide group and carboxyl group containing silane, an epoxy
group containing silane, and a curing catalyst. Patent Document 4 proposes a silicone emulsion composition that includes
an alkenyl group containing organopolysiloxane, a Si-H group containing organopolysiloxane, colloidal silica, a reaction
product of an aminosilane and an acid anhydride, an epoxysilane, and an addition reaction catalyst. Patent Document 5
proposes a silicone emulsion composition that includes a hydrogen siloxane in which the molecular terminal is blocked
with a hydroxyl group, an emulsifier, water, and a curing catalyst. Patent Documents 6 to 8 propose a silicone emulsion
composition that includes a colloidal silica-silicone core-shell body, a curing catalyst, an emulsifier, and water. Patent
Document 9 proposes a silicone emulsion composition that includes a hydroxyl group containing organopolysiloxane,
colloidal silica, an amide group and carboxyl group containing silane, an epoxy group containing silane, a curing catalyst,
and a photocatalytic oxide. Patent Document 10 proposes a silicone emulsion composition that includes a hydroxyl group
containing organopolysiloxane, colloidal silica, an amide group and carboxyl group containing silane, and an epoxy group
containing silane. Patent Document 11 provides a silicone-based fabric finishing agent obtained by emulsion polymer-
ization of an organopolysiloxane and i) an acrylic ormethacrylicmonomer or i) one or both of a polyfunctional polymer and
one or more ethylenically unsaturated monomers. Patent Document 12 discloses a textile finishing agent comprising an
organopolysiloxane containing vinyl groups, an organopolysiloxane containing Si-H groups and a polymerizable vinyl
monomer. Patent Document 13 discloses a water repellent for fibers comprising an acryl-silicone graft copolymer
prepared by a radical copolymerization reaction of an organopolysiloxane compound containing one radical polymeriz-
able group with radical polymerizable monomers. Patent Document 14 discloses a curable silicone composition
comprising an amine-functional organosiloxane and an acryl-functional organopolysiloxane. Non-patent document 1
is concerned with ultraviolet radiation curing treatments for shrink-resistant wool fabric.

Prior Art Documents

Patent and Non-Patent Documents

2

EP 3 604 666 B1

5

10

15

20

25

30

35

40

45

50

55



Patent Documents

[0005]

Patent Document 1: JP S56(1981)‑16553 A
Patent Document 2: US 3,817,894
Patent Document 3: JP H8(1996)‑85760 A
Patent Document 4: JP H9(1997)‑208826 A
Patent Document 5: JP H9(1997)‑208900 A
Patent Document 6: JP H9(1997)‑208901 A
Patent Document 7: JP H9(1997)‑208902 A
Patent Document 8: JP H9(1997)‑208903 A
Patent Document 9: JP 2002‑363494 A
Patent Document 10: JP 2008‑231276 A
Patent Document 11: US 4,987,180
Patent Document 12: US 4,464,506
Patent Document 13: EP 0632157
Patent Document 14: US 4,698,406

Non-Patent Document

[0006] Non-Patent Document 1: Dodd et al., 1998, Textile Research Journal, Vol. 68(1), p10‑16

Disclosure of Invention

Problem to be Solved by the Invention

[0007] In Patent Documents 1 to 10, organotin compounds are typically used as a curing catalyst. However, the use of
organotin compounds is being restricted or regulated in applications, fields, and countries because of its toxicity.
Therefore, the replacement of dibutyltin compounds by octyltin compounds, and further the replacement of octyltin
compounds by inorganic tin compounds or other metal compounds have been proposed, but no effective catalyst system
has been found yet. Thus, it is still required that the effect of the silicone treatment agent can be maintained even after
washing without using, e.g., toxic metal catalysts.
[0008] In order to solve the above problems, the present invention provides silicone-fixed fibers that include fibers to
which silicone is fixed and have a good texture even after washing, and a method for producing the silicone-fixed fibers.

Means for Solving Problem

[0009] In one embodiment, the present invention relates to a method for producing silicone-fixed fibers including fibers
and silicone fixed to the fibers. Themethod includes the following: coating or impregnating the fiberswith a fiber treatment
agent containing silicone; and irradiating the fibers coated or impregnated with the fiber treatment agent with an electron
beamso that the silicone is fixed to the fibers. The silicone includes an acrylic-modified organopolysiloxane (A) having two
or more acrylic groups per molecule.

Effects of the Invention

[0010] The production method of the present invention can provide silicone-fixed fibers that include fibers to which
silicone is firmly fixed by electron beam irradiation and that have a good texture even after washing.

Description of the Invention

[0011] Thepresent inventors conductedmany studies to fix silicone to fibers soas to give themagood texture evenafter
washing. Consequently, the present inventors found that when fibers were coated or impregnated with a fiber treatment
agent containing anacrylic-modified organopolysiloxane (A) having twoormoreacrylic groups permolecule, and then the
treated fibers were irradiated with an electron beam, silicone was firmly fixed to the fibers and the fibers could have a soft
texture of silicone even after washing. Based on these findings, the present inventors have reached the present invention.
In this specification, the term "silicone" means a compound in which the main skeleton is composed of a siloxane bond of
silicon and oxygen, and an organic group is attached to the silicon. Since the acrylic-modified organopolysiloxane (A)
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having twoormore acrylic groups permolecule is usedas the silicone, radicals are generated byelectron beam irradiation
and a crosslinking reaction of the silicones proceeds.
[0012] The acrylic-modified organopolysiloxane (A) having two or more acrylic groups per molecule is not particularly
limited and may be, e.g., an acrylic-modified organopolysiloxane that has two or more acrylic groups per molecule and
contains a unit represented by the following general formula (1) in the molecule.

[0013] In the general formula (1), R1 represents the same or different substituted or unsubstituted monovalent
hydrocarbon group having 1 to 18 carbon atoms, R2 represents a hydrogen atom, m is an integer of 1 to 8, and a and
barepositivenumbersandsatisfya+b≤3.Thesubstitutedorunsubstitutedmonovalenthydrocarbongrouphaving1 to18
carbon atoms is not particularly limited. Examples of the substituted or unsubstituted monovalent hydrocarbon group
having 1 to 18 carbon atoms include the following: alkyl groups such as methyl, ethyl, propyl, and butyl groups; alkenyl
groups suchas vinyl andallyl groups; aryl groups suchasphenyl and tolyl groups; and substituted formsof thesegroups in
which some or all hydrogen atoms bonded to carbon atoms are substituted by halogen atoms or cyano groups, including,
e.g., chloromethyl group, trifluoropropyl group, and cyanoethyl group. In the general formula (1), R1 is more preferably a
methyl group.
[0014] The viscosity of the acrylic-modified organopolysiloxane (A) is preferably 50 to 5000 mPa·s at 25°C. If the
viscosity is less than 50 mPa·s, the acrylic-modified organopolysiloxane (A) is not likely to adhere to the fibers. If the
viscosity ismore than5000mPa·s, the compositionwill haveahigher viscosity and thus the treatment of the fibers tends to
bedifficult. Theviscosity of theacrylic-modifiedorganopolysiloxane (A) ismorepreferably 100 to1000mPa·sat 25°C.The
acrylic-modified organopolysiloxane (A) may be either a single acrylic-modified organopolysiloxane or a mixture of a
plurality of acrylic-modified organopolysiloxanes which differ in the degree of polymerization and the amount of functional
groups.
[0015] In one embodiment of the present invention, from the viewpoint of improving the softness of the fibers, it is
preferable that the silicone further includes an amino-modified organopolysiloxane (B) having one or more amino groups
per molecule, as represented by the following general formula (2).

[0016] In the general formula (2), a plurality of R3s represent the same or different substituted or unsubstituted
monovalent hydrocarbon group having 1 to 18 carbon atoms, a hydroxyl group, an alkoxy group, or an amino group.
A plurality of R5s represent the same or different substituted or unsubstituted monovalent hydrocarbon group having 1 to
18 carbon atoms or an amino group. At least one of R3s and R4s is an amino group. Moreover, n is a positive number.
Examples of the substituted or unsubstituted monovalent hydrocarbon group having 1 to 18 carbon atoms may be the
same as those described above. In the general formula (2), the amino group represented by R3 or R4 is not particularly
limited and may be, e.g., an amino group represented by the following general formula (3).

[Chemical Formula 3] -R5(NR6CH2CH2)cNR7R8 (3)

[0017] In the general formula (3), R5 represents a substituted or unsubstituted divalent hydrocarbon group having 1 to 8
carbon atoms, R6, R7, and R8 each represent a hydrogen atom, a substituted or unsubstituted monovalent hydrocarbon
group having 1 to 4 carbon atoms, or ‑CH2CH(OH)CH2OH, and c is an integer of 0 to 4. Examples of the divalent
hydrocarbon group having 1 to 8 carbon atoms include the following: alkylene groups such as ethylene, trimethylene,
tetramethylene, hexamethylene, and isobutylene groups; methylene-phenylene group; and methylene-phenylene-
methylene group. Among them, the trimethylene group is preferred. Examples of the substituted or unsubstituted
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monovalent hydrocarbon group having 1 to 4 carbon atoms include the following: alkyl groups such as methyl, ethyl,
propyl, and butyl groups; alkenyl groups such as vinyl and allyl groups; and substituted forms of these groups in which
some of hydrogen atoms bonded to carbon atoms are substituted by halogen atoms. Among them, the methyl group is
particularly preferred in terms of water repellency, smoothness and softness.
[0018] The viscosity of the amino-modified organopolysiloxane (B) is preferably 50 to 5000 mPa·s at 25°C. If the
viscosity is less than 50 mPa·s, the amino-modified organopolysiloxane (B) is not likely to adhere to the fibers. If the
viscosity ismore than5000mPa·s, thecompositionwill haveahigher viscosity, and thus the treatment of thefibers tends to
be difficult. The viscosity of the amino-modified organopolysiloxane (B) is more preferably 100 to 1000 mPa·s at 25°C.
[0019] In oneembodiment of the present invention, from theviewpoint of improving the fixingproperties of the silicone to
the fibers and the texture of the fibers, when the total mass of the acrylic-modified organopolysiloxane (A) and the amino-
modified organopolysiloxane (B) is 100% bymass, the blending amount of the acrylic-modified organopolysiloxane (A) is
preferably, but not limited to, 10 to 95% bymass, andmore preferably 30 to 90% bymass and the blending amount of the
amino-modified organopolysiloxane (B) is preferably, but not limited to, 5 to 90% bymass, andmore preferably 10 to 70%
by mass.
[0020] A rate of decrease in the amount of Si after the fibers to which silicone is fixed (i.e., the silicone-fixed fibers) are
washed10 times is less than50%,preferably 35%or less,morepreferably 15%or less, and further preferably 10%or less.
With this configuration, the silicone-fixed fibers can have a good texture even after washing. In the silicone-fixed fibers of
the present invention, as will be described later, the fibers are coated or impregnated with a fiber treatment agent
containing the acrylic-modified organopolysiloxane (A) or a fiber treatment agent containing the acrylic-modified
organopolysiloxane (A) and the amino-modified organopolysiloxane (B), and then the treated fibers are irradiated with
anelectronbeam, so that silicone canbe fixed to the fibers. Theamount ofSi in the fibersmaybemeasured in the following
manner.
[0021] Thefibers arenot particularly limitedandmaybeeither natural fibers or synthetic fibers. Thenatural fibers arenot
particularly limited and may be, e.g., cotton, silk, hemp, wool, angora, or mohair. The synthetic fibers are not particularly
limited andmaybe, e.g., polyester fibers, nylon fibers, acrylic fibers, or spandex. From the viewpoint of improving the fixing
properties of the silicone to the fibers, the fibers preferably include one or more natural fibers selected from the group
consisting of cotton, silk, hemp, wool, angora, and mohair.
[0022] The form of the fibers is not particularly limited. The fibersmay be in any form such as staple, filament, tow, yarn,
woven fabric, knitted fabric, wadding, nonwoven fabric, paper, sheet, or film.
[0023] The silicone-fixed fibersmaybe produced, e.g., by coating or impregnating the fiberswith a fiber treatment agent
containingsilicone,and irradiating thefiberscoatedor impregnatedwith thefiber treatmentagentwithanelectronbeamso
that the silicone is fixed to the fibers.Asdescribedabove, the silicone includes theacrylic-modifiedorganopolysiloxane (A)
or a mixture of the acrylic-modified organopolysiloxane (A) and the amino-modified organopolysiloxane (B).
[0024] The silicone, i.e., the acrylic-modified organopolysiloxane (A) or the mixture of the acrylic-modified organopo-
lysiloxane (A) and the amino-modified organopolysiloxane (B) (also referred to simply as a "silicone component" in the
following) may be directly used as the fiber treatment agent.
[0025] From the viewpoint of handleability, the silicone (silicone component) may be diluted with an organic solvent to
forma solution, and this solutionmaybe used as a fiber treatment agent. Anyorganic solvent that can dissolve the silicone
may be used. Examples of the organic solvent include the following: aromatic hydrocarbon solvents such as toluene and
xylene; aliphatic hydrocarbon solvents such as hexane, octane, and isoparaffin; ether solvents such as diisopropyl ether
and 1,4-dioxane; and a mixed solvent thereof. The aromatic hydrocarbon solvents such as toluene and xylene and the
aliphatic hydrocarbonsolvents suchashexane, octane, and isoparaffinareparticularly preferred.Thedilute concentration
of the silicone component is not particularly limited. For example, the concentration of the acrylic-modified organopo-
lysiloxane (A) or the total concentration of the acrylic-modified organopolysiloxane (A) and the amino-modified organo-
polysiloxane (B) may be 1 to 60% by mass, and more preferably 1 to 20% by mass.
[0026] The silicone component may be dispersed in water as a dispersion medium to form an emulsion, and this
emulsion may be used as a fiber treatment agent for electron beam fixing. The emulsification may use, e.g., a nonionic
surfactant, an anionic surfactant, a cationic surfactant, or an amphoteric surfactant. The nonionic surfactant is not
particularly limited andmay be, e.g., polyoxyethylene alkyl ether, polyoxyethylene alkyl phenyl ether, sorbitan alkylate, or
polyoxyethylene sorbitan alkylate. The anionic surfactant is not particularly limited and may be, e.g., alkylbenzene
sulfonate or alkyl phosphate. The cationic surfactant is not particularly limited and may be, e.g., quaternary ammonium
salts or alkylamine salts. The amphoteric surfactant is not particularly limited and may be, e.g., alkyl betaine or alkyl
imidazoline. These surfactantsmay be used individually or in combinations of two ormore. There is no particular limitation
to the surfactants. However, from the viewpoint of ease of emulsification of the silicone, the HLB (hydrophilic-lipophilic
balance) of the surfactants is preferably 11 to 18, and more preferably 13 to 16.
[0027] Theamount of the surfactant used is preferably 5 to 50parts bymass, andmorepreferably 10 to30parts bymass
with respect to 100 parts by mass of the silicone component, i.e., the acrylic-modified organopolysiloxane (A) or the
mixture of the acrylic-modified organopolysiloxane (A) and the amino-modified organopolysiloxane (B). Any suitable
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amount of watermay be used for emulsification. However, watermay be used in an amount such that the concentration of
the acrylic-modified organopolysiloxane (A) or the total concentration of the acrylic-modified organopolysiloxane (A) and
the amino-modified organopolysiloxane (B) is generally 1 to 60% by mass, and preferably 1 to 20% by mass. The
emulsification may be performed by mixing the acrylic-modified organopolysiloxane (A) or the acrylic-modified organo-
polysiloxane (A) and the amino-modified organopolysiloxane (B) with the surfactant, and emulsifying the mixture with an
emulsifier such as a homomixer, a homogenizer, a colloid mill, or a line mixer.
[0028] In one embodiment of the present invention, when both the acrylic-modified organopolysiloxane (A) and the
amino-modified organopolysiloxane (B) are usedas the silicone component, these componentsmaybemixed in advance
to form a solution or an emulsion. Alternatively, these components may be separately formed in advance into solutions or
emulsions, and then the respective solutions or emulsions may be mixed together.
[0029] Other agents for fibers such as an anticrease agent, a flame retardant, an antistatic agent, and a heat resistant
agent may be added to the fiber treatment agent as long as the properties of the fiber treatment agent are not impaired.
[0030] First, the fibers are coated or impregnated with the fiber treatment agent containing the silicone. The fibers that
serve as a base material are not particularly limited and may be the same as those described above.
[0031] In this case, any known method such as roll coating, gravure coating, wire doctor coating, air knife coating, or
dippingmay beused to coat or impregnate the fiberswith the fiber treatment agent. The coating or impregnation amount is
preferably 0.01 to 20.0 g/m2, and more preferably 0.01 to 5 g/m2. When the coating or impregnation amount is within the
above range, the adhesion of the silicone to the fibers can be improved.
[0032] When the fiber treatment agent is a solution obtained by diluting the silicone with an organic solvent, or an
emulsion obtained by dispersing the silicone in water, the fibers coated or impregnated with the fiber treatment agentmay
be dried to vaporize the organic solvent or the water (the dispersion medium of the emulsion). The drying may be
performed, e.g., byblowinghot air on thefibersor usingaheating furnace.Thedrying temperatureand thedrying timemay
be determined as desired so as not to affect the fibers. For example, the drying temperaturemay be 100 to 150°C and the
drying time may be 10 sec to 5 min.
[0033] Next, in the present invention, the fibers coated or impregnated with the fiber treatment agent are irradiated with
anelectron beamso that the silicone is fixed to the fibers. Theelectronbeam irradiation apparatus is not particularly limited
and may be, e.g., a curtain system, a scanning system, or a double scanning system. The acceleration voltage of the
electron beam by the electron beam irradiation is not particularly limited and may be, e.g., 100 to 1000 kV. If the
accelerationvoltage is less than100kV, theremaybea lackofenergy transmission. If theaccelerationvoltage ismore than
1000 kV, economic efficiency may be reduced. Moreover, the irradiation amount of the electron beam is not particularly
limited andmay be, e.g., 5 to 100 kGy. If the irradiation amount is less than 5 kGy, curing failuremay occur. If the irradiation
amount is 100 kGy or more, the fibers may be degraded.When the fiber treatment agent is a solution obtained by diluting
the silicone with an organic solvent, the fibers may be immersed (washed) in the organic solvent that has been used for
dilution of the silicone, after the electron beam irradiation, thereby removing unreacted silicone. On the other hand, when
the fiber treatment agent is an emulsion obtained by dispersing the silicone in water, the fibers may be washed with water
after the electron beam irradiation, thereby removing unreacted silicone.

Examples

[0034] Next, embodiments of the present inventionwill be described in detail based on examples. However, the present
invention is not limited to the following examples. In the following examples and comparative examples, the term "part"
indicates "part by mass" and the physical property values indicate measured values by the following test methods.

(Measurement of initial amount of Si)

[0035] Using an X-ray fluorescence analyzer ZSX100emanufactured by Rigaku Corporation, the mass of all elements
(W0t) and themass of Si atoms (W0s) contained in each sample before washing weremeasured by the EZ-scanmethod,
and the initial amount of Si was calculated by the following formula.

(Measurement of amount of Si after washing)

[0036] The samples were washed 10 times or 50 times in accordance with the JIS L 0217 103 method (detergent:
JAFET) and dried. Then, using theX-ray fluorescence analyzer ZSX100emanufactured byRigakuCorporation, themass
of all elements (W10t orW50t) and themassofSi atoms (W10sorW50s) contained in the individual samplesafter 10 times
washing or 50 timeswashingweremeasured by theEZ-scanmethod, and the amount of Si after 10 timeswashing and the
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amount of Si after 50 times washing were calculated by the following formulas.

(Rate of decrease in amount of Si after 10 times washing)

[0037]

Rate of decrease in amount of Si after 10 times washing (%) = (W0s% - W10s%) / W0s% × 100

[0038] In the formula, W0s% indicates the initial amount of Si and W10s% indicates the amount of Si after 10 times
washing.

(Initial texture)

[0039] Threepanelists touched the samplesbyhand to check the softness of the samples andevaluated thembasedon
the following criteria.

A: very good
B: good
C: poor

(Texture after washing)

[0040] The samples were washed 10 times or 50 times in accordance with the JIS L 0217 103 (detergent: JAFET).
Subsequently, three panelists touched the samples by hand to check the softness of the samples after washing and
evaluated them based on the following criteria.

A: very good
B: good
C: poor

(Example 1)

[0041] First, an acrylic-modified organopolysiloxane (A1) represented by the following average molecular formula (4)
was diluted with toluene to prepare a fiber treatment agent (a) in which the concentration of the acrylic-modified
organopolysiloxane (A1) was 10% by mass. Next, a broadcloth made of 100% by mass of cotton (manufactured by
KURABO)was immersed in thefiber treatment agent (a), squeezedbyamangle roller at asqueeze rateof100%,anddried
at 110°C for 90 seconds. Then, the broadclothwas irradiatedwith an electron beamof 40 kGyat an acceleration voltage of
200 kV in a nitrogen atmosphere using an area beam type electron beam irradiation apparatus EC250/15/180L
(manufactured by IWASAKI ELECTRIC CO., LTD.). The fibers (i.e., the broadcloth made of 100% by mass of cotton)
thus treated with the electron beam were immersed in toluene for 1 minute and then squeezed by a mangle roller at a
squeeze rate of 60%. Further, the fiberswere again immersed in fresh toluene for 1minute, squeezed by amangle roller at
a squeeze rate of 60%, and dried at 110°C for 90 seconds. Thus, silicone-fixed fibers were produced.
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(Example 2)

[0042] An acrylic-modified organopolysiloxane (A2) represented by the following average molecular formula (5) was
diluted with toluene to prepare a fiber treatment agent (b) in which the concentration of the acrylic-modified organopo-
lysiloxane (A2) was 10% by mass. A broadcloth made of 100% by mass of cotton (manufactured by KURABO) was
immersed in the fiber treatment agent (b), squeezed by amangle roller at a squeeze rate of 60%, and dried at 110°C for 90
seconds. Then, the broadcloth was irradiated with an electron beam of 40 kGy at an acceleration voltage of 200 kV in a
nitrogen atmosphere using an area beam type electron beam irradiation apparatus EC250/30/90L (manufactured by
IWASAKI ELECTRIC CO., LTD.). The fibers (i.e., the broadcloth made of 100% by mass of cotton) thus treated with the
electron beam were immersed in toluene for 1 minute and then squeezed by a mangle roller at a squeeze rate of 60%.
Further, the fibers were again immersed in fresh toluene for 1 minute, squeezed by a mangle roller at a squeeze rate of
60%, and dried at 110°C for 90 seconds. Thus, silicone-fixed fibers were produced.

(Example 3)

[0043] First, 300gof theacrylic-modifiedorganopolysiloxane (A2) used inExample2, 7.8gof polyoxyethylene (4) lauryl
ether (product name "EMULGEN104P"manufacturedbyKaoCorporation, nonionic surfactant, HLBvalue: 9.6), and 22.2
g of polyoxyethylene (23) lauryl ether (product name "EMULGEN 123P" manufactured by Kao Corporation, nonionic
surfactant, HLB value: 16.9) were charged in a 2 L polyethylene jug and sufficiently mixed at a high speed with a
homomixer. Then, 18 g of phase-inverted water (ion-exchanged water) was added to the mixture and kneaded.
Subsequently, 280g of ion-exchanged water was added to the mixture and mixed at 2500 rpm for 20 minutes with a
homomixer. Thus, an oil-in-water emulsion (I) in which the concentration of the acrylic-modified organopolysiloxane (A2)
was 50% by mass was obtained. The oil-in-water emulsion (I) was further diluted with ion-exchanged water to prepare a
fiber treatment agent (c) in which the concentration of the acrylic-modified organopolysiloxane (A2) was 10% bymass. A
broadcloth made of 100% by mass of cotton (manufactured by KURABO) was immersed in the fiber treatment agent (c),
squeezed by a mangle roller at a squeeze rate of 60%, and dried at 110°C for 90 seconds. Then, the broadcloth was
irradiated with an electron beam of 40 kGy at an acceleration voltage of 200 kV in a nitrogen atmosphere using an area
beam type electron beam irradiation apparatus EC250/30/90L (manufactured by IWASAKI ELECTRIC CO., LTD.). The
fibers (i.e., the broadcloth made of 100% bymass of cotton) thus treated with the electron beamwere washed with water,
squeezed by amangle roller at a squeeze rate of 60%, and dried at 110°C for 90 seconds. Thus, silicone-fixed fibers were
produced.

(Example 4)

[0044] First, 300 g of an amino-modified organopolysiloxane (B1) represented by the following average molecular
formula (6), 1.8 g of polyoxyethylene (4) lauryl ether (product name "EMULGEN104P"manufactured byKaoCorporation,
nonionic surfactant, HLB value: 9.6), and 4.2 g of polyoxyethylene (23) lauryl ether (product name "EMULGEN 123P"
manufactured by Kao Corporation, nonionic surfactant, HLB value: 16.9) were charged in a 2 L polyethylene jug and
sufficientlymixedat ahigh speedwith ahomomixer. Then, 18gof phase-invertedwater (ion-exchangedwater)wasadded
to themixture and kneaded. Subsequently, 280g of ion-exchangedwaterwas added to themixture andmixed at 2500 rpm
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for 20 minutes with a homomixer. Thus, an oil-in-water emulsion (II) in which the concentration of the amino-modified
organopolysiloxane (B1) was 50% by mass was obtained. The oil-in-water emulsion (II) was mixed with the oil-in-water
emulsion (I) prepared in thesamemannerasExample3ata ratioof theoil-in-wateremulsion (I) to theoil-in-wateremulsion
(II) of 50 parts by mass / 50 parts by mass to form an oil-in-water emulsion (III). The oil-in-water emulsion (III) was diluted
with ion-exchangedwater to prepare a fiber treatment agent (d) inwhich the concentration of the organopolysiloxane (i.e.,
the total concentration of the acrylic-modified organopolysiloxane (A2) and the amino-modified organopolysiloxane (B1))
was 10% bymass. A broadcloth made of 100% bymass of cotton (manufactured by KURABO) was immersed in the fiber
treatment agent (d), squeezed by a mangle roller at a squeeze rate of 60%, and dried at 110°C for 90 seconds. Then, the
broadcloth was irradiated with an electron beam of 40 kGy at an acceleration voltage of 200 kV in a nitrogen atmosphere
usinganareabeam typeelectronbeam irradiationapparatusEC250/30/90L (manufacturedby IWASAKIELECTRICCO.,
LTD.). The fibers (i.e., the broadcloth made of 100% bymass of cotton) thus treated with the electron beamwere washed
with water, squeezed by amangle roller at a squeeze rate of 60%, and dried at 110°C for 90 seconds. Thus, silicone-fixed
fibers were produced.

(Comparative Example 1)

[0045] First, a dimethylpolysiloxane having no organic group other than a methyl group and having a viscosity of 1000
mm2/s was diluted with toluene to prepare a fiber treatment agent (Z) in which the concentration of the dimethylpolysilox-
ane was 10% by mass. A broadcloth made of 100% cotton (manufactured by KURABO) was immersed in the fiber
treatment agent (Z), squeezed by a mangle roller at a squeeze rate of 60%, and dried at 110°C for 90 seconds. Then, the
broadcloth was irradiated with an electron beam of 40 kGy at an acceleration voltage of 200 kV in a nitrogen atmosphere
usinganareabeam typeelectronbeam irradiationapparatusEC250/30/90L (manufacturedby IWASAKIELECTRICCO.,
LTD.). The fibers (i.e., the broadcloth made of 100% cotton) thus treated with the electron beam were immersed in a
toluene solution for 1minute and then squeezedbyamangle roller at a squeeze rate of 60%.Further, the fiberswere again
immersed ina fresh toluenesolution for 1minute, squeezedbyamangle roller at a squeeze rateof 60%,anddriedat 110°C
for 90 seconds.

(Comparative Example 2)

[0046] A fiber treatment agent (c) was prepared in the samemanner as Example 3. A broadcloth made of 100% cotton
(manufactured byKURABO)was immersed in the fiber treatment agent (c), squeezedby amangle roller at a squeeze rate
of 60%, anddried at 110°C for 90 seconds. Then, the fibers (i.e., the broadclothmadeof 100%cotton) thus treatedwith the
fiber treatmentagent (c)werewashedwithwater, squeezedbyamangle roller at a squeeze rateof60%,anddriedat 110°C
for 90 seconds.

(Comparative Example 3)

[0047] An oil-in-water emulsion (II) in which the concentration of an amino-modified organopolysiloxane (B1) was 50%
by mass was prepared in the same manner as Example 4. The oil-in-water emulsion (II) was diluted with ion-exchanged
water toprepareafiber treatment agent (Y) inwhich the concentration of theamino-modifiedorganopolysiloxane (B1)was
10%bymass. A broadclothmade of 100% cotton (manufactured by KURABO)was immersed in the fiber treatment agent
(Y), squeezed by a mangle roller at a squeeze rate of 60%, and dried at 110°C for 90 seconds. Then, the fibers (i.e., the
broadcloth made of 100% cotton) thus treated with the fiber treatment agent (Y) were washed with water, squeezed by a
mangle roller at a squeeze rate of 60%, and dried at 110°C for 90 seconds.
[0048] The initial amount of Si (the amount of Si beforewashing), the amount of Si after 10 timeswashing, the amount of
Si after 50 times washing, the initial texture, and the texture after washing of the respective fibers (i.e., the broadcloths
madeof 100%cotton) obtained inExamples1 to 4andComparativeExamples 1 to3weremeasured in theabovemanner.
Table 1 shows the results.
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[TABLE 1]

Amount of Si (% by mass) Rate of
decrease in
amount of
Si after 10

times
washing

(%)

Texture

Before
washing
(initial)

After 10
times

washing

After 50
times

washing

Before
washing

After 10
times

washing

After 50
times

washing

Ex. 1 0.520 0.343 0.140 34.0 B B C

Ex. 2 0.541 0.548 0.441 0 B B B

Ex. 3 0.880 0.788 - 10.5 B B B

Ex. 4 1.250 1.130 0.738 9.6 A A A

Comp. Ex. 1 0.037 0.015 0.006 59.5 B C C

Comp. Ex. 2 0.056 0.025 - 55.4 B C C

Comp. Ex. 3 0.520 0.190 - 63.5 A C C

[0049] InExamples1and2, thefibershadbeen impregnatedwith thefiber treatment agent, inwhich theacrylic-modified
organopolysiloxane (A) having two or more acrylic groups per molecule was dissolved in the organic solvent, and then
irradiated with the electron beam. Consequently, these fibers had good softness, and the acrylic-modified organopoly-
siloxane (A) was fixed to the fibers even after washing. Specifically, a considerable amount of the acrylic-modified
organopolysiloxanewasfixed to the fibers after theywerewashed10 times. In particular, inExample2, a certain amount of
theacrylic-modifiedorganopolysiloxanewasfixed to thefibersevenafter theywerewashed50 times.Thefixingproperties
of the acrylic-modified organopolysiloxane (A) to the fibers were higher in Example 2 than in Example 1, since the acrylic-
modified organopolysiloxane (A) used in Example 2 had a large number of acrylic groups as compared to the acrylic-
modified organopolysiloxane (A) used in Example 1.
[0050] In Example 3, the fibers had been treated with the fiber treatment agent, in which the acrylic-modified
organopolysiloxane (A) having two or more acrylic groups per molecule was emulsified. Consequently, the fibers also
had good softness. Comparing Example 3 and Example 4 shows that when the acrylic-modified organopolysiloxane (A)
having two ormore acrylic groups permolecule was used in combination with the amino-modified organopolysiloxane (B)
havingoneormore aminogroups permolecule, the initial amount of silicone fixed to the fiberswas increased, the softness
of the fiberswas very good, and the organopolysiloxanewas sufficiently fixed to the fibers even after theywerewashed 10
times.
[0051] On the other hand, in Comparative Example 1, the fibers had been treated with the dimethylpolysiloxane having
no acrylic group. Consequently, the initial amount of dimethylpolysiloxane adhering to the fibers was small, and almost no
dimethylpolysiloxanewas left after the fiberswerewashed 10 times or 50 times. InComparative Example 2, the fibers had
been treatedwith the fiber treatment agent inwhich theacrylic-modifiedorganopolysiloxane (A) having twoormoreacrylic
groupspermoleculewasemulsified, but hadnot beensubjected toelectronbeam irradiation.Consequently, theamount of
the acrylic-modified organopolysiloxane (A) adhering to the fibers was small, and the softness of the fibers was poor. In
Comparative Example 3, the fibers had been treated with the fiber treatment agent, in which the amino-modified
organopolysiloxane (B) having one or more amino groups per molecule was emulsified. Consequently, although a
considerable amount of the amino-modified organopolysiloxane (B) adhered to the fibers at the initial stage (washing), the
amount of the amino-modified organopolysiloxane (B) was significantly reduced after washing, and the softness of the
fibers became poor.
[0052] In the Examples, it was found that the acrylic-modified organopolysiloxane (A) was graft-polymerized onto the
fibers, and crosslinking between the silicone components alsoproceeded, so that the siliconewasfirmly fixed to the fibers,
and thus the fibers had good softness even after washing. On the other hand, in the Comparative Examples, it was found
that the silicone was not fixed to the fibers.

Claims

1. A method for producing silicone-fixed fibers comprising fibers and silicone fixed to the fibers,
the method comprising:
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coating or impregnating the fibers with a fiber treatment agent comprising silicone; and
irradiating the fibers coated or impregnated with the fiber treatment agent with an electron beam so that the
silicone is fixed to the fibers,
wherein the silicone comprises an acrylic-modified organopolysiloxane (A) having two ormore acrylic groups per
molecule.

2. The method according to claim 1, wherein the silicone further comprises an amino-modified organopolysiloxane (B)
having one or more amino groups per molecule.

3. Themethodaccording to claim1or2,wherein the fiber treatment agent is a solution inwhich the silicone is dilutedwith
an organic solvent, or an emulsion in which the silicone is dispersed in water as a dispersion medium.

4. The method according to claims 3, comprising a drying process before irradiating the fibers coated or impregnated
with the fiber treatment agent with the electron beam.

5. Themethod according to any one of claims 2 to 4, wherein the fiber treatment agent is a solution obtained by diluting
the acrylic-modified organopolysiloxane (A) and the amino-modified organopolysiloxane (B) simultaneously with an
organic solvent, or an emulsion obtained by dispersing the acrylic-modified organopolysiloxane (A) and the amino-
modified organopolysiloxane (B) simultaneously in water as a dispersion medium, or
wherein the fiber treatment agent is prepared by diluting the acrylic-modified organopolysiloxane (A) and the amino-
modified organopolysiloxane (B) separately with an organic solvent to form solutions and then mixing the solutions
together, or by dispersing the acrylic-modified organopolysiloxane (A) and the amino-modified organopolysiloxane
(B) separately in water as a dispersion medium to form emulsions and then mixing the emulsions together.

6. Themethodaccording to anyoneof claims1 to5,wherein the fibers compriseoneormorenatural fibers selected from
the group consisting of cotton, silk, hemp, wool, angora, and mohair.

7. The method according to any one of claims 1 to 6, wherein the fibers are in at least one form selected from the group
consisting of staple, filament, tow, yarn, woven fabric, knitted fabric, wadding, and nonwoven fabric.

8. The method according to any one of claims 1 to 7, wherein the acrylic-modified organopolysiloxane (A) has two or
moreacrylic groups permolecule and contains a unit represented by the followinggeneral formula (1) in themolecule:

(in the general formula (1), R1 represents the same or different substituted or unsubstitutedmonovalent hydrocarbon
group having 1 to 18 carbon atoms, R2 represents a hydrogen atom,m is an integer of 1 to 8, and a and b are positive
numbers and satisfy a + b ≤ 3).

9. The method according to any one of claims 2 to 8, wherein the amino-modified organopolysiloxane (B) has one or
more amino groups per molecule, as represented by the following general formula (2):

(in the general formula (2), a plurality of R3s represent the same or different substituted or unsubstituted monovalent
hydrocarbon group having 1 to 18 carbon atoms, a hydroxyl group, an alkoxy group, or an amino group, a plurality of
R4s represent the sameordifferent substitutedor unsubstitutedmonovalent hydrocarbongrouphaving1 to18carbon
atoms or an amino group, at least one of R3s and R4s is an amino group, and n is a positive number).
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Patentansprüche

1. Verfahren zur Herstellung von silikonfixierten Fasern, umfassend Fasern und an den Fasern fixiertes Silikon,
wobei das Verfahren umfasst:

Beschichten oder Imprägnieren der Fasern mit einem Faserbehandlungsmittel, das Silikon umfasst; und
Bestrahlen der mit dem Faserbehandlungsmittel beschichteten oder imprägnierten Fasern mit einem Elektro-
nenstrahl derart, dass das Silikon an den Fasern fixiert wird,
wobei das Silikon ein acrylmodifiziertes Organopolysiloxan (A) umfasst, das zwei oder mehr Acrylgruppen pro
Molekül aufweist.

2. VerfahrennachAnspruch1,wobei dasSilikonweiter ein aminomodifiziertesOrganopolysiloxan (B)umfasst, daseine
oder mehrere Aminogruppen pro Molekül umfasst.

3. Verfahren nach Anspruch 1 oder 2, wobei das Faserbehandlungsmittel eine Lösung ist, in der das Silikon mit einem
organischen Lösungsmittel verdünnt ist, oder eine Emulsion, in der das Silikon inWasser als ein Dispersionsmedium
dispergiert ist.

4. Verfahren nachAnspruch 3, das einen Trocknungsprozess vor demBestrahlen dermit demFaserbehandlungsmittel
beschichteten oder imprägnierten Fasern mit dem Elektronenstrahl umfasst.

5. Verfahren nach einem der Ansprüche 2 bis 4, wobei das Faserbehandlungsmittel eine Lösung ist, die durch
gleichzeitiges Verdünnen des acrylmodifizierten Organopolysiloxans (A) und des aminomodifizierten Organopoly-
siloxans (B) mit einem organischen Lösungsmittel erhalten wird, oder eine Emulsion, die durch gleichzeitiges
Dispergieren des acrylmodifizierten Organopolysiloxans (A) und des aminomodifizierten Organopolysiloxans (B)
in Wasser als ein Dispersionsmedium erhalten wird, oder
wobei das Faserbehandlungsmittel hergestellt wird, indem das acrylmodifizierte Organopolysiloxan (A) und das
aminomodifizierte Organopolysiloxan (B) getrennt mit einem organischen Lösungsmittel verdünnt werden, um
Lösungen zu bilden, und die Lösungen dann miteinander vermischt werden, oder indem das acrylmodifizierte
Organopolysiloxan (A) und das aminomodifizierte Organopolysiloxan (B) getrennt in Wasser als ein Dispersions-
medium dispergiert werden, um Emulsionen zu bilden, und die Emulsionen dann miteinander vermischt werden.

6. Verfahren nach einemderAnsprüche 1 bis 5, wobei die Fasern eine odermehrereNaturfasern umfassen, die aus der
Gruppe ausgewählt sind, die aus Baumwolle, Seide, Hanf, Wolle, Angora und Mohair besteht.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei die Fasern in mindestens einer Form vorliegen, die aus der
Gruppe ausgewählt ist, die aus Stapelfasern, Filamenten, Werg, Garnen, Geweben, Gewirken, Watte und Vliesstoff
besteht.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei das acrylmodifizierte Organopolysiloxan (A) zwei oder mehr
AcrylgruppenproMolekülaufweist und indemMolekül eineEinheit enthält, dievonder folgendenallgemeinenFormel
(1) dargestellt ist:

(in der allgemeinenFormel (1) stellt R1 die gleiche oder unterschiedliche substituierte oder unsubstituierte einwertige
Kohlenwasserstoffgruppe dar, die 1 bis 18 Kohlenstoffatome aufweist, R2 stellt ein Wasserstoffatom dar, m ist eine
Ganzzahl von 1 bis 8 und a und b sind positive Zahlen und erfüllen a + b ≤ 3).

9. Verfahren nach einemder Ansprüche 2 bis 8, wobei das aminomodifizierteOrganopolysiloxan (B) eine odermehrere
Aminogruppen pro Molekül aufweist, wie durch die folgende allgemeine Formel (2) dargestellt:
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(in der allgemeinen Formel (2) stellt eine Vielzahl von R3 dieselbe oder eine unterschiedliche substituierte oder
unsubstituierte einwertige Kohlenwasserstoffgruppe, die 1 bis 18 Kohlenstoffatome aufweist, eine Hydroxylgruppe,
eine Alkoxygruppe oder eine Aminogruppe dar, eine Vielzahl von R4 stellt dieselbe oder eine unterschiedliche
substituierte oder unsubstituierte einwertige Kohlenwasserstoffgruppe, die 1 bis 18 Kohlenstoffatome oder eine
Aminogruppe aufweist, dar, mindestens eine der R3 und R4 ist eine Aminogruppe und n ist eine positive Zahl.)

Revendications

1. Procédé de production de fibres à silicone fixée, comprenant des fibres et de la silicone fixée aux fibres,
le procédé comprenant :

l’enrobage ou l’imprégnation des fibres avec un agent de traitement de fibre comprenant de la silicone ; et
l’irradiation des fibres enrobées ou imprégnées de l’agent de traitement de fibre avec un faisceau d’électrons de
telle sorte que la silicone se fixe aux fibres,
dans lequel la silicone comprend un organopolysiloxane modifié par acrylique (A) présentant deux groupes
acryliques, ou plus, par molécule.

2. Procédéselon la revendication1, dans lequel la silicone comprendenoutre unorganopolysiloxanemodifiépar amino
(B) présentant un ou plusieurs groupes amino par molécule.

3. Procédé selon la revendication 1 ou 2, dans lequel l’agent de traitement de fibre est une solution dans laquelle la
siliconeest diluéeavecunsolvant organique, ouuneémulsiondans laquelle la siliconeest disperséedansde l’eauen
tant que milieu de dispersion.

4. Procédé selon la revendication 3, comprenant un processus de séchage avant l’irradiation des fibres enrobées ou
imprégnées de l’agent de traitement de fibre avec le faisceau d’électrons.

5. Procédé selon l’une quelconque des revendications 2 à 4, dans lequel l’agent de traitement de fibre est une solution
obtenue en diluant l’organopolysiloxane modifié par acrylique (A) et l’organopolysiloxane modifié par amino (B)
simultanément avec un solvant organique, ou une émulsion obtenue en dispersant l’organopolysiloxanemodifié par
acrylique (A) et l’organopolysiloxane modifié par amino (B) simultanément dans de l’eau en tant que milieu de
dispersion, ou
dans lequel l’agent de traitement de fibre est préparé en diluant l’organopolysiloxane modifié par acrylique (A) et
l’organopolysiloxanemodifié par amino (B) séparément avec un solvant organique pour former des solutions, puis en
mélangeant les solutions ensemble, ou en dispersant l’organopolysiloxane modifié par acrylique (A) et l’organopo-
lysiloxane modifié par amino (B) séparément dans de l’eau en tant que milieu de dispersion pour former des
émulsions, puis en mélangeant les émulsions ensemble.

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel les fibres comprennent une ou plusieurs fibres
naturelles sélectionnées dans le groupe consistant en coton, soie, chanvre, laine, angora et mohair.

7. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel les fibres sont dans au moins une forme
sélectionnéedans le groupeconsistant en fibrediscontinue, filament, étoupe, fil, tissu tissé, tissu tricoté, ouateet tissu
non tissé.

8. Procédé selon l’une quelconque des revendications 1 à 7, dans lequel l’organopolysiloxanemodifié par acrylique (A)
présente deux groupesacryliques, ouplus, parmolécule et contient une unité représentée par la formule générale (1)
suivante dans la molécule :
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(dans la formule générale (1), R1 représente un groupe hydrocarbure monovalent substitué ou non substitué
identique ou différent présentant de 1 à 18 atomes de carbone, R2 représente un atome d’hydrogène, m est un
nombre entier de 1 à 8, et a et b sont des nombres positifs et satisfont à a + b ≤ 3).

9. Procédé selon l’une quelconque des revendications 2 à 8, dans lequel l’organopolysiloxane modifié par amino (B)
présente un ou plusieurs groupes amino par molécule, comme représenté par la formule générale (2) suivante :

(dans la formule générale (2), une pluralité deR3 représentent un groupe hydrocarburemonovalent substitué ou non
substitué identiqueoudifférent présentant de1à18atomesdecarbone, ungroupehydroxyle, ungroupealcoxyouun
groupe amino, une pluralité de R4 représentent un groupe hydrocarbure monovalent substitué ou non substitué
identique ou différent présentant de 1 à 18 atomes de carbone ou un groupe amino, aumoins un parmiR3 etR4 est un
groupe amino, et n est un nombre positif).
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