
0 098 578 Description The present invention relates to a plastic optical
fiber, more particularly to a plastic optical fiber having a core-cladding
structure and exhibiting excellent light transmission properties.
Improvements in the light transmission properties of optical fibers has led
to their increased use in the fields of optical communication and the like.
Conventional optical fibers include those having a core consisting of a
glass and those having a core consisting of a plastic material. The
conventional glass core optical fibers exhibit excellent light transmission
properties and, therefore, are useful in long distance communication.
However, this type of 10 optical fiber exhibits poor flexibility and,
therefore, easily breaks. Plastic core optical fibers on the other hand can
transmit light only a relatively short distance. However, this type of
optical fiber exhibits excellent flexibility and, thus, is very useful for
short distance communication devices. Conventional plastic core optical
fibers are mainly of a step index type. A step index type optical fiber is
15 composed of a core comprising a polymer of a high refractive index and a
cladding comprising a polymer of a low refractive index. When light is
applied to the step index type optical fiber, the light is transmitted
through the core and is reflected entirely on the interface between the
core and the cladding. In this case, it is important that the cladding be
firmly bonded to the core and that the cladding be highly resistant to
formation of cracks therein. 20     Japanese Patent Publication No. 43-8978
discloses an optical fiber comprising a core consisting of polystyrene and
a cladding consisting of polymethylmethacrylate. The bonding property of
polystyrene to polymethylmethacrylate, however, is unsatisfactory.
Therefore, the resultant optical fiber has unsatisfactory optical
properties at the interface between the core and the cladding. Another type
of optical plastic fiber, as disclosed in several references, comprises a
core consisting of 25 polymethylmethacrylate, exhibiting a high
transparency, and a cladding consisting of a fluorine-containing polymer.
For example, Japanese Patent Publication Nos. 43-8973, 56-8321, 56-8322,
and 56-8323 disclose plastic optical fibers comprising a core consisting of
polymethylmethacrylate and a cladding consisting of a polymer of
polyfluorinated alkyl methacrylate. The polyfluorinated alkyl methacrylate
polymer, however, 30 exhibits a poor bonding property to the
polymethylmethacrylate core and poor resistance to thermal decomposition
thereof, and therefore, is unsatisfactory as a material for forming the
cladding. 



In still another type of plastic optical fiber, the core consists of
polymethylmethacrylate and the cladding consists of a copolymer of
vinylidene fluoride with tetrafluoroethylene. In this optical fiber, the
cladding can be firmly bonded to the core. However, since the vinylidene
fluoride-tetrafluoroethylene 35 copolymer is highly crystalline, the light
transmitted through the core is scattered at the interface between the core
and the cladding. This scattering phenomenon results in decreased light
transmission. The properties required for a polymer in plastic optical
fibers are non-absorption and non-scattering of light irradiated thereto, a
low refractive index, and an excellent bonding property to the core.
Polyfluorinated alkyl methacrylates exhibit a low refractive index and
excellent transparency, but are 40 unsatisfactory in resistance to thermal
decomposition. Accordingly, conventional cladding polymers are not always
satisfactory in some of the above-mentioned properties. US-A-4,138,194
discloses a plastic optical fiber comprising a core and a cladding, wherein
the core comprises a transparent polymer material and the cladding
comprises a transparent copolymer of a comonomer selected from fluoroalkyl
acrylates and fluoroalkyl methacrylates and a vinyl comonomer 45 having a
hydrophilic radical. A similar plastic optical fiber is known from
GB-A-1,037,498. However, the bonding property between the core and the
cladding in these known optical fibers is not completely satisfactory. An
object of the present invention is to provide a plastic optical fiber
having an excellent light transmission property. 50     Another object of
the present invention is to provide a plastic optical fiber wherein a core
and a cladding thereof are firmly bonded to each other. Still another
object of the present invention is to provide a plastic optical fiber
having a cladding which is highly resistant to thermal decomposition.
According to the present invention, the above-mentioned and other objects
can be attained by a plastic 55 optical fiber comprising a core and a
cladding, wherein said core comprises a transparent polymer material (1)
and said cladding comprises a transparent copolymer (2) comprising about
20% to 99.95% by weight of at least one comonomer (A) selected from
fluoroalkylacrylate and fluoroalkylmethacrylate in both of which the alkyl
radical has 1 to 12 carbon atoms and 0.05% to 10% by weight of at least one
vinyl comonomer (B) having at least one hydrophilic radical, the refractive
index [err] of the core polymer (1) and the refractive 60 index [err] of
the cladding copolymer (2) satisfying the relationship (I): [err]
characterized in that the vinyl comonomer (B) is methacrylic acid. 



The cladding copolymer (2) may contain 79.95% or less of units derived at
least one vinyl monomer (C) 2    0 098 578 which is different from
comonomers (A) and (B), thereby attenuating the refractive index of said
cladding copolymer. Other objects, features and attendant advantages of the
present invention will be more fully appreciated as the same becomes better
understood from the following detailed description when 5 considered in
connection with the accompanying drawings. Figure 1 is an explanatory side
view of an apparatus for measuring light transmission loss of an optical
fiber; Figure 2 is an explanatory plane view of an apparatus for measuring
a numerical aperture of an optical fiber; and 10     Figure 3 is a diagram
of the distribution of transmitted light from the apparatus indicated in
Figure 2, which transmitted light distribution is determined in
relationship with a rotating angle ([err]) of a rotating arm and an
electric current in a photomultiplier arranged in the apparatus indicated
in Figure 2. The optical plastic fiber of the present invention comprises a
filamentary core extending along the longitudinal axis of the fiber and a
cladding coating the core therewith to form a core-in-sheath structure. 15
The core comprises a transparent polymer material (1) having a refractive
index [err], which is preferably 1.44 or more. The cladding comprises a
transparent copolymer (2) having a refractive index [err], which is
preferably in the range of from about 1.38 to about 1.45. It is important
that the refractive index [err] of the core polymer (1) and the refractive
index n2 of the cladding copolymer (2) satisfy the relationship (I): 20
[err]                                   (I) If the difference between the
refractive indices [err] and [err] is less than 0.01, the resultant optical
fiber exhibits an unsatisfactory reflectance of light on the interface
between the core and the cladding. This results in unsatisfactory light
transmission through the resultant optical fiber. The larger the difference
[err] of the 25 optical fiber, the higher the light transmission of the
optical fiber. Usually, the difference [err] is in a range of from 0.01 to
0.20. The core polymer comprises preferably at least one polymer selected
from the group consisting of 



polystyrene (n=1.59); polymethylmethacrylate (n=1.49); methylmethacrylate
copolymers containing at least 70% by weight of methylmethacrylate, for
example, styrenemethylmethacrylate copolymers (n=1.50 30 to 1.58);
poly-4-methylpentene-1 (n=1.49); polycarbonates (n=1.50 to 1.59);
deuterated polymethyl- methacrylate (n=1.59); deuterated styrene copolymers
containing at least 70% by weight of deuterated styrene having a degree of
deuteration of at least 50%; deuterated methylmethacrylate copolymers
containing at least 70% by weight of deuterated methylmethacrylate having a
degree of deuteration of at least  50%;  methylmethacrylate-styrene-maleic
anhydride  terpolymers  (n=1.50  to  1.58); 35 methylmethacrylate-
-methylstyrene-maleic anhydride terpolymers (n=1.50 to 1.58),
methylmethacrylate- styrene- -methylstyrene-maleic anhydride copolymers
(n=1.50 to 1.58); and methylmethacrylate-vinyl toluene-maleic anhydride
terpolymers (n=1.50 to 1.58). The cladding copolymer (2) comprises 20% to
99.95% by weight of a monomer (A) selected from the group consisting
offluoroalkylacrylates,fluoroalkylmethacrylates, and mixturesthereof; and
0.05% to 10% 40 by weight of methacrylic acid (B). That is, the cladding
copolymer (2) contains copolymerized comonomers (A) and (B) as
indispensable ingredients. The amounts of the indispensable comonomers used
are such that when only comonomers A and B are used, the total of both
represents 100%. The cladding copolymer (2) may contain 79.95% by weight or
less of an additional comonomer (C) which is copolymerized with the
comonomer (A) and (B). The additional comonomer (C) consists of at least 45
one vinyl monomer different from the comonomers (A) and (B). If the amount
of the additional comonomer (C) is more than 79.95% by weight, the
resultant cladding copolymer (2) exhibits an unsatisfactory high refractive
index.and is not suitable for the optical fiber of the present invention.
Also, if the amount of the comonomer (A) is excessively small, that is,
less than 20% by weight, the 50 resultant copolymer exhibits an excessively
high refractive index and, therefore, the resultant optical fiber exhibits
an unsatisfactorily large light transmission loss. If the amount of the
comonomer (A) is excessively large, that is, more than 99.95% by weight,
the resultant copolymer exhibits a poor bonding property to the core.
Comonomer (A) consists of at least one member selected from
fluoroalkyl-acrylates and 55 -methacrylates in which the alkyl radical has
1 to 12 carbon atoms, for example, 2,2,2-trifluoroethyl acrylate and
methacrylate, 2,2,3,3-tetrafluoropropyl acrylate and methacrylate, and
2,2,3,3,3-pentafluoropropyl acrylate. These ester compounds can be prepared
by ester interchange reaction between acrylic or methacrylic acid and a
fluoroalcohol compound, for example, trifluoroethyl alcohol,
tetrafluoropropyl 



alcohol, or pentafluoropropyl alcohol, according to the conventional
technique. 60     Comonomer (B) consists of methacrylic acid Comonomer (B)
is not only effective for moderating the water-repellent property and the
oil-repellent property of the resultant cladding copolymer (2) derived from
the fluorine-containing comonomer (A), but is also effective for enhancing
the bonding property of the resultant cladding copolymer (2) to the core.
Furthermore, comonomer (B) is surprisingly effective for enhancing the
thermal decomposition resistance of the resultant cladding copolymer (2),
without 65 degrading the other inherent properties necessary to the plastic
optical fiber.    0 098 578 In the cladding copolymer (2), the comonomer
(B) is contained in an amount of from 0.05% to 10% by weight. When the
content of comonomer (8) is less than 0.05% by weight, the resultant
cladding copolymer (2) is unsatisfactory in its bonding property and,
sometimes, in its thermal decomposition resistance. When the content of
comonomer (B) is more than 10% by weight, the resultant cladding 5
copolymer (2) is unsatisfactory in its transparency and refractive index.
The additional comonomer (C) comprises at least one vinyl monomer different
from those of comonomers (A) and (B). The vinyl monomer may be selected
from  methyl methacrylate, ethyl methacrylate, n-propyl methacrylate,
n-butyl methacrylate, nonyl methacrylate, lauryl methacrylate, methyl
acrylate, n-butyl acrylate, 2-ethylhexyl acrylate, styrene, a-methyl
styrene, and maleic anhydride. 10 Methacrylic acid esters have a superior
copolymerizing property with comonomers (A) and (B) and, therefore, are
useful as the additional vinyl monomers (C). The additional vinyl monomer
(C) is useful for controlling the refractive index of the cladding
copolymer (2). However, as stated hereinbefore, the content of the
additional monomer (C) is limited to 79.95% by weight or less. is     The
additional vinyl comonomer (C) is also effective for controlling the glass
transition point of the cladding copolymer in consideration of use of the
resultant optical fiber. A vinyl monomer which can be converted into a
homopolymer having a high glass transition point is effective for
increasing the glass transition point of the resultant cladding copolymer.
A vinyl monomer which can be converted into a homopolymer having a low
glass transition point is effective for decreasing the glass transition
point of the 20 resultant cladding copolymer, 



The cladding copolymer (2) is prepared by copolymerizing comonomers (A),
(B), and optionally (C) in the presence of a polymerization initiator. The
initiator may consist of at least one radical polymerization initiating
compound selected from, for example, organic peroxide such as di-tert-butyl
peroxide, dicumyl peroxide, methylethylketone  peroxide, tert-butyl
perphthalate, tert-butyl perbenzoate, methyl- 25 isobutylketone peroxide,
lauloyl peroxide, cyclohexyl peroxide, 2,5-dimethyl-2,5-di-tert-butyl
peroxyhexane, tert-butyl peroctanoate, tert-butyl perisobutylate,
tert-butyl peroxyisobutylate, tert-butyl peroxyisopropyl carbonates; and
azo compounds such as methyl-2,2'-azo-bis-isobutylate, 1,1'-azo-bis-
cyclohexane   carbonitrile,
2-phenyl-azo-2,4-dimethyl-4-methoxyvalernotrile,   2-carbamoyl-azo-bis-
isobutylonitrile, 2,2'-azo-bis(2,4-dimethylvaleronitrile), and
2,2'-azo-bis-isobutylonitrile. 30     In the preparation of the cladding
copolymer (2), a chain transfer agent consisting of an alkyl mercaptan,
which is usually used as an agent for controlling the degree of
polymerization, may be used. The copolymerization of the comonomers (A),
(B), and optionally, (C) can be carried out by a conventional
polymerization method, for example, an emulsion, suspension, bulk, or
solution polymerization method. The bulk polymerization method is
preferable for producing a copolymer having 35 an enhanced degree of
purity. In the plastic optical fiber of the present invention, the
thickness of the cladding is preferably in the range of from 1 to 100 lim,
more preferably, from 2 to 50 [err]. A cladding having a thickness of less
than 1 [err] is disadvantageous in that not only is it difficult to produce
such a thin cladding but also such a thin cladding exhibits a decreased
light reflecting property on the interface between the clad and core. 40
Moreover, it is easily scratched. A cladding having a thickness of more
than 100 [err] is disadvantageous in that when twisting, bending, or
impacting stress is applied to the resultant optical fiber, the cladding is
separated from the core surface and/or cracks are created in the cladding.
In order to prevent the above-mentioned disadvantages, it is preferable to
adjust the thickness of the cladding to 50 [err] or less, more preferably,
30 [err] or less. 45     Usually, the filamentary core has a diameter of
from 10 [err] to 5 mm. The plastic optical fiber of the present invention
can be produced by means of a melt-extruding method in which a specific
core in-sheath type extruding die is used. In plastic optical fiber of the
present invention, the cladding copolymer contains a fluorine-containing
comonomer (A) which causes the resultant copolymer to exhibit an improved
thermal decomposition resistance. Therefore, the melt-extruding 50
operation can be carried out at an extruding temperature in the wide range
of from 180C to [err] without foaming, whitening, or thermal decomposition
of the cladding polymer (2). Accordingly, the resultant 



optical fiber exhibits a real value of numerical aperture very close to the
theoretical value calculated from the refractive indices n, and n2 of the
core and cladding polymers (1) and (2). 55     Also, it is important that
in the optical fiber of the present invention the core and cladding are
very firmly bonded to each other. This means no irregularity is formed in
the interface between the core and cladding. Also, even when the optical
fiber is bent, the cladding is highly resistant to separation from the
core. Accordingly, the reliability of the optical fiber of the present
invention is very high in practical light transmitting operation. 60
The specific examples presented below will serve to more fully elaborate
how the present invention can be practically used however, it should be
understood that the examples are only illustrative and in no way limit the
scope of the present invention. In the examples, the thermal resistance and
bonding property of a cladding polymer (2) and light 65 transmission loss
and numerical aperture of an optical fiber were determined as follows. 4
0 098 578 Evaluation of thermal resistance of cladding polymer A cladding
polymer was prepared by means of bulk polymerization and pulverized by
means of a crusher. The pulverized cladding copolymer particles were
screened through a 16 mesh sieve and, then, a 32 mesh sieve in accordance
with Japanese Industrial Standard (JIS) Z-8801. The portion of the
copolymer 5  particles which passed through the 16 mesh sieve and remained
on the 32 mesh sieve was pelletized in a vent type extruder having a
cylinder diameter of 25 mm. The resultant pellets were heated in a hot air
atmosphere at a temperature of [err] for a predetermined time by means of a
gear oven heating method. The reduction (%) in weight of the pellets due to
the heating operation was measured. The thermal decomposition resistance
and the thermal resistance of the copolymer were evaluated based on the 10
measured value of reduction in weight of the pellets. Bonding property of
cladding polymer The above-mentioned portion of the pulverized cladding
copolymer which passed through a 16 mesh sieve and remained on a 32 mesh
sieve was converted into a film having a thickness of 150 microns by 15
means of heat-pressing at a temperature of 1800C under a pressure of 100
bar for 5 minutes. The film was 



superimposed on a polymethacrylic resin plate and was laminated thereto by
heat-pressing at a temperature of [err] under a pressure of 5 bar for 10
minutes. On the resultant laminate plate, 11 straight linear cuts having a
width of 1 mm and a depth of 1 mm were formed in the cladding polymer (2)
layer at intervals of 1 mm in the longitudinal direction of the 20 laminate
plate. Another 11 straight linear cuts were formed in the lateral direction
of the laminate plate in the same manner as that mentioned above, forming
100 separate cells, having a length and width of 1 mm. An adhesive tape was
applied on the cell-formed surface of the laminate plate and rapidly peeled
therefrom. The number of the cells moved from the laminate plate onto the
adhesive tape was counted. The bonding property of the cladding copolymer
was evaluated based on the number of cells found on the 25 adhesive tape as
follows: Number of cells Class    Evaluation     on adhesive tape 30
1       Excellent             0 2      Ordinary            1 to 50 3
Poor                 [err] 35 Loss of light transmission of optical fiber
Loss of light transmission of a plastic optical fiber was determined by
means of an apparatus indicated in Figure 1 as follows. 40     Referring to
Figure 1, an apparatus 1 for measuring light transmission loss of an
optical fiber comprised a stabilized electric power source 2, a halogen
lamp 3, a lens 4, an interference filter 5, a lens 6, a photodiode 7, an
amplifier 8, and a voltmeter 9, arranged in the above-mentioned sequence.
An optical fiber 10 having a predetermined length was placed between the
lens 6 and the photodiode 7. The halogen lamp 2 was connected to and
excited by the electric power source 1. The light irradiated 45 from the
halogen lamp 2 was converted to parallel rays of light by the lens 4 and
then converted to monochromic light by the interference filter 5. The
parallel rays of the monochromic light was focussed on an end surface 11 of
incidence of the optical fiber 10 by means of the lens 6, which had the
same numerical aperture as that of the optical fiber 10, so as to transmit
the monochromic light through the optical light 10. The monochromic light
was attenuated during transmission through the optical fiber 10, and then
50 transmitted out through an opposide end surface 12 of the optical fiber
10. The transmitted light is converted to electric current by means of the
photodiode 7. The electric current is amplified by the amplifier 



8. The voltmeter 9 measures the voltage of the amplified electric current.
The above-mentioned operations are carried out in the dark. . For
measurement of light transmission loss by the above-mentioned apparatus, a
0.015 km length of 55 the optical fiber was prepared. The two ends of the
optical fiber were cut at right angles to the longitudinal axis of the
fiber and the end surfaces were polished smooth. The optical fiber was
fixed immovably between the lens 6 and the photodiode 7. The voltage
measuring operation was applied to the optical fiber in the dark in
accordance with the above-mentioned method. Next, while the light incident
end surface 11 of the optical fiber was fixed at the focus of the
monochromic light irradiated through the lens 6, an 60 opposite side
portion of the original optical fiber having a length of 0.005 km was cut
off from the fiber. The residual optical fiber 0.01 km long had a light
transmitting end surface 13 which was at right angles to the longitudinal
axis of the optical fiber and was polished smooth. The same voltage
measuring operation as that described above was applied to the residual
optical fiber in the dark. 65     The light transmission loss of the
optical fiber was calculated in accordance with equation (II): 5    0 098
578 [err] wherein a represents a light transmission loss in dB/km of the
optical fiber, I represents the length in km of the cut portion of the
optical fiber, [err] represents a voltage measured for the original length
[err] of the optical fiber, and 12 represents a voltage measured for the
residual optical fiber. The voltages 11 and 12 correspond to the amounts of
light transmitted out through the original optical fiber and the residual
optical fiber, respectively. to    In the examples, the interference filter
exhibited a main wavelength of 646 [err]. The optical fiber was wound
around a bobbin having a diameter of 190 mm, and the light incident end
surface and the light transmitting end surface of the optical fiber were
spaced about 1 m from each other. Numerical aperture of a plastic optical
fiber 15    An apparatus indicated in Figure 2 was used for the measurement
of the numerical aperture of an optical fiber. 



Referring to Figure 2, in an apparatus 20, parallel rays of light were
irradiated from a light source 21 containing an electric power source (not
shown) and a halogen lamp (not shown), to an optical fiber 26 through an
interference filter 22 and a lens 23 having a numerical aperture larger
than that of the optical 20 fiber 26. The interference filter 22 converted
the light irradiated from the light source 21 to monochromic light. The
parallel rays of the monochromic light were focussed on the light incident
end surface 27 of the optical fiber 26 by means of the lens 23. The light
incident end portion and the opposite end portion of the optical fiber 26
were supported by supporters 24 and 25. The longitudinal axes of the light
incident end portion and the opposite end portion of the optical fiber
coincided with the optical axis of the light. Both the 25 end surfaces 27
and 28 of the optical fiber 26 were at right angles to the longitudinal
axis of the optical fiber and were polished smooth. The center of optical
fiber at the end surface 28, through which surface the light is transmitted
out to the outside of the fiber, was positioned at a center of an axis of a
fixed shaft 29. The top surface of the fixed shaft is positioned under the
supporters 25. The longitudinal axis of the opposite end portion of the
optical fiber 26 was at right angles to the axis of the fixed shaft 29. A
rotating arm 30 had an 30 annular end portion 31. The fixed shaft 29 was
inserted into the annular portion 31. The rotating arm 30 was rotatable
around the fixed shaft 29, and the rotating angle ([err]) of the rotating
arm 30 was able to be measured. A photomultiplier 32, which was contained
in a housing 33 having a hole 34, was connected to the top end of the
rotating arm 30. In the examples, parallel rays of light irradiated from
the light source 21 were converted to 35 monochromic light by an
interference filter having a main wavelength of 650 microns and a half
value width of 3 mm. The monochromic light was focussed on the light
incident end surface 27 of an optical fiber 26 having a length of 15 mm and
transmitted out through the opposite end surface 28 of the optical fiber.
The transmitted light was introduced into the photomultiplier 32 through
the horizontally rotatable arm 30 and the hole 34 having a diameter of 1.5
mm and spaced 125 mm from the center of the fixed shaft 29. The 40
photomuliplier 32 converted the transmitted light introduced therein
through the hole 34, to electric current and measured the intensity of the
current. The distribution of the transmitted light can be determined from
the relationship between the rotating angle (0) of the rotating arm 30 and
the intensity of current measured by the photomultiplier 32. An example of
the relationship is indicated in Figure 3. 45      When the maximum value
of the measured electric current is represented by [err] the value of
parameter 2([err])w corresponding to the electric current value [err] is
determined from the diagram in Figure 3. 



The numerical aperture (NA) of the optical fiber can be calculated in
accordance with equation (III): 50
[err]                                  (III) Examples 1 through 5 and.
Comparative Examples 1 and 2 In each of Examples 1 through 5 and
Comparative Examples 1 and 2, a core polymer was prepared by 55 charging a
polymerization vessel equipped with a spiral ribbon type stirrer with a
mixture of 100 parts by weight of methyl methacrylate, 0.04 parts by weight
of tert-butylmercaptan, and 0.0017 parts by weight of di-tert-butyl
peroxide and by subjecting the mixture to a continuous bulk polymerization
at a temperature of [err] for 4 hours. The resultant product was fed into a
biaxial screw vent-type extruder and was heated at a temperature 60 of
[err] at a vent portion under a vacuum pressure of 5.3 mbar (4 mmHg) to
evaporate volatile substances from the product. The resultant dried polymer
was supplied into an extruding heat at a temperature of [err]. The core
polymer exhibited a refractive index of 1.492. Separately, a cladding
copolymer was prepared by copolymerizing 100 parts by weight of a mixture
of the comonomers indicated in Table 1 in the presence of 0.05 parts by
weight of azo-bis-isobutyl nitrile and 65 0.1 parts by weight of
n-dodecylmercaptan in an autoclave having a capacity of 2 liters at a
temperature of 6    0 098 578 [err] for 10 hours and, then, at [err] for 5
hours. The resultant copolymer exhibited the properties indicated in Table
2. The cladding copolymer was also fed into the extruding head of the
above-mentioned extruder. The core polymer and the cladding copolymer were
extruded from the extruding head through a core-in-sheath type spinneret at
a temperature of [err]. The extruded core-in-sheath type filamentary
5stream of the polymers was solidified and was taken up at a velocity of 10
mm/min. The core-in-sheath type composite filament was drawn at a
temperature of [err] at a draw ratio of 1.8 and the resultant optical fiber
was wound up on a bobbin. The resultant optical fiber was composed of a
core polymer having a diameter of 480 [err] and a cladding polymer having a
thickness indicated in Table 2. The resistance of the cladding of the
optical fiber 10 to cracking was tested by winding it 20 turns around a rod
having a diameter of 5 mm and by detecting the crack-formation in the
cladding. The result was as indicated in Table 2. 



The interface condition between the core constituent and the cladding was
observed by means of a microscope. The result was as indicated in Table 2.
15 20 25 30 35 40 45 50 55 60 65 7    0 098 578    0 098  578    0 098 578
Examples 6 through 10 and Comparative Examples 3 and 4 In each of Examples
6 through 10 and Comparative Examples 3 and 4, the same procedures as those
described in Example 1 were carried out except that the cladding copolymer
was obtained from the monomers indicated in Table 3. 5    The properties of
the cladding composition, the cladding copolymer, and the resultant optical
fiber 



were as indicated in Table 4. 70 15 20 25 30 35 40 45 50 55 60 65       0
098 578 LU 12    0 098 578 Examples 11 through 15 and Comparative Examples
5 and 6 In each of Examples 11 through 15 and Comparative Examples 5 and 6,
the same procedures as those described in Example 1 were carried out except
that the cladding copolymer was prepared from the comonomers indicated in
Table 5. 5     The properties of the resultant optical fibers were as
indicated in Table 6. 



10 15 20 25 30 35 40 45
I 50 55 60 65 13    0 098 578    0 098 578    0 098 578 Examples 16 through
20 In each of Examples 16 through 20, the same procedures as those
described in Example 1 were carried out except that the cladding copolymer
was prepared from the comonomers indicated in Table 7. The results of
measurements are indicated in Table 8. 5 15 



20 25 30 35 40 45 50 55 60 65 16    0 098 578 0 E 17    0 098 578    0 098
578 Claims 1. A plastic optical fiber comprising a core and a cladding,
wherein said core comprises a transparent polymer material (1) and said
cladding comprises a transparent copolymer (2) comprising about 20% to 5
99.95%  by weight of at least one  comonomer (A) selected  from
fluoroalkylacrylate  and fluoroalkylmethacrylate in both of which the alkyl
radical has 1 to 12 carbon atoms and 0.05% to 10% by 



weight of at least one vinyl comonomer (B) having at least one hydrophilic
radical, the refractive index [err] of the core polymer (1) and the
refractive index [err] of the cladding copolymer (2) satisfying the
relationship (I): 10                                       [err]
(1) characterized in that the vinyl comonomer (B) is methacrylic acid. 2.
The plastic optical fiber as claimed in Claim 1, wherein said cladding (2)
further contains 79.95% by weight or less of an additional comonomer (C)
consisting of at least one vinyl monomer different from the 15 comonomers
(A) and (B). 3. The plastic optical fiber as claimed in Claim 1, wherein
said cladding copolymer has a thickness of about 1 to 100 [err]. 4. The
plastic optical fiber as claimed in Claim 3, wherein said cladding
copolymer has a thickness of about 1 to 30 [err]. 20     5. The plastic
optical fiber as claimed in Claim 1, wherein said core is a filamentary
core having a diameter of about 10 pm to 5 mm. 6. The plastic optical fiber
as claimed in Claim 1, wherein said comonomer (A) consists of at least one
member selected from the group consisting of 2,2,2-trifluoroethyl acrylate
and methacrylate; 2,2,3,3- tetrafluoropropyl acrylate and methacrylate; and
2,2,3,3,3-pentafluoropropyl acrylate and methacrylate. 25     7. The
plastic optical fiber as claimed in Claim 1, wherein the refractive index,
[err], of said core polymer (1) is 1.44 or greater. 8. The plastic optical
fiber as claimed in claim 1, wherein the refractive index, [err], of said
cladding copolymer (2) is about 1.38 to 1.45. 9. The plastic optical fiber
as claimed in Claim 1, wherein the difference [err] of said refractive 30
indices [err] and [err] is in the range of about 0.01 to 0.20. 10. The
plastic optical fiber as claimed in Claim 1, wherein said core polymer (1)
comprises at least one polystyrene, polymethylmethacrylate, or
methylmethacrylate copolymer containing at least 70% by weight of
methylmethacrylate, polycarbonates, deuterated styrene copolymers
containing at least 70% by weight of deuterated styrene having a degree of
deuteration of at least 50%, and deuterated methylmethacrylate 35
copolymers having a degree of deuteration of at least 50%. 11. The plastic
optical fiber as claimed in Claim 1, wherein said cladding copolymer (2) is
a copolymer comprising 20% to 99.95% by weight of at least one fluoroalkyl
methacrylate (A), 0.05% to 10% by weight of methacrylic acid (B), and 0% to
79.95% by weight of at least one vinyl monomer (C) which is different from
the above-mentioned monomers (A) and (B), thereby attenuating the
refractive index of said cladding 



40 copolymer. 12. A method for preparing the plastic optical fiber as
claimed in Claim 1, which comprises forming said plastic optical fiber by
melt-extrusion at an extrusion temperature in the range of [err] to 270
without foaming, whitening or thermal decomposition. 45 Patentanspruche 1.
Optische Faser aus Kunststoff, urflfassend einen Kern und eine H3lle, wobei
der genannte Kern ein transparentes polymeres Material (1) und die gennante
HOlle ein transparentes Copolymeres (2) umfaBt, 50 welches einen Gehalt von
etwa 20 bis 99,95 Gew.-% an wenigstens einem Comonomeren (A) ausgewdhit aus
Fluoralkylacrylat und Fluoralkylmethacrylat, in denen beiden der Alkylrest
1 bis 12 C-Atome aufweist, und 0,05% bis 10 Gew.-% an wenigstens einem
Vinylcomonomeren (B) mit wenigstens einem hydrophilen Rest aufweist, wobei
der Brechungsindex nj des Kernpolymeren (1) und der Brechungsindex n2 des
HOllencopolymeren (2) die folgende Beziehung (I) erfOllen: 55 l  .
.              ~~~~~~~~~~~~~~~nj-n22_0,01                    (1) dadurch
gekennzeichnet, daS das Vinylcomonomer (B) Methacrylsaure ist. 2. Optische
Faser aus Kunststoff nach Anspruch 1, bei der die genannte Halle (2)
zusdtzlich 79,95 60  Gew.-% oder weniger eines weiteren Comonomeren (C)
enthilt, das aus wenigstens einem von den Comonomeren (A) und (B)
verschiedenen Vinylmonomeren besteht. 3. Optische Faser aus Kunststoff nach
Anspruch 1, bei der das genannte HOllencopolymere eine Dicke von etwa 1 bis
100 gm aufweist. 4. Optische Faser aus Kunststoff nach Anspruch 3, bei der
das genannte HOllencopolymere eine Dicke 65 von etwa 1 bis 30 gm aufweist.
19 AWIM~~~~~~    0 098 578 5. Optische Faser aus Kunststoff nach Anspruch
1, bei der der genannte Kern ein fadenf6rmiger K mit einem Durchmesser von
etwa 10 pm bis 5 mm ist. 



6. Optische Faser aus Kunststoff nach Anspruch 1, bei der das genannte
Comonomere (A) aus wenigstens einem Vertreter der Gruppe bestehend aus
2,2,2-Trifluorethylacrylat, und -methacrylat, 5
2,2,3,3-Tetrafluorpropylacrylat und -methacrylat und
2,2,3,3,3-Pentafluorpropylacrylat und -methacrylat besteht. 7. Optische
Faser aus Kunststoff nach Anspruch 1, bei der der Brechungsindex n, des
genannten Kernpolymeren (1) 1,44 oder mehr betragt. 8. Optische Faser aus
Kunststoff nach Anspruch 1, bei der der Brechungsindex n2 des genannten io
HOllencopolymeren (2) etwa 1,38 bis 1,45 betragt. 9. Optische Faser aus
Kunststoff nach Anspruch 1, bei der die Differenz (n1-n2) der genannten
Brechungsindices n, und n2 im Bereich von etwa 0,01 bis 0,20 liegt. 10.
Optische Faseraus Kunststoff nachAnspruch 1,bei derdasgenannteKernpolymere
(1)wenigstens ein Polystyrol, Polymethylmethacrylat oder ein
Methylmethacrylatcopolymeres mit zumindest 70 Gew.-% 5 an
Methylmethacrylat, Polycarbonate, deuterierte Styrol-Copolymere mit
mindestens 70 Gew.-%  an deuteriertem Styrol mit einem Deuterierungsgrad
von mindestens 50%, und deuterierte Methylmethacrylatcopolymere mit einem
Deuterierungsgrad von mindestens 50% umfallt. 11. Optische Faser aus
Kunststoff nach Anspruch 1, bei der das genannte HOllencopolymere (2) ein
Copolymeres aus 20 bis 99,95 Gew.-% wenigstens eines Fluoralkylmethacrylats
(A), 0,05 bis 10 Gew.-% 20 Methacryisaure (B) und 0 bis 79,95 Gew.-%
wenigstens eines Vinylmonomeren (C) ist, welches von den oben genannten
Monomeren (A) und (B) verschieden ist, wodurch der Brechungsindex des
genannten HOllencopolymeren verringert wird. 12. Verfahren zur Herstellung
der optischen Faser aus Kunststoff nach Anspruch 1, welches das
Strangpressen der optischen Faser aus Kunststoff aus der Schmeize bei einer
Temperatur im Bereich von 25 180 bis 270C ohne Schaumen, TrObung oder
thermische Zersetzung umfalet. Revendications 1. Fibre optique en matiere
plastique comprenant une Ame et un gainage, dans laquelle ladite Ame 30
comprend un mat6riau polymere transparent (1) et ledit gainage comprend un
copolymere transparent (2) comprenant environ 20 A 99,95% en poids d'au
moins un comonomere (A) choisi parmi les acrylates et methacrylates de
fluoroalkyles dans lesquels le radical alkyle comporte 1 A 12 atomes de
carbone et 0,05 A 10% en poids d'au moins un comonombre vinylique (B)
porteur d'au moins un radical hydrophile, l'indice de refraction n, du
polymere d'3me (1) et l'indice de refraction n2 du copolymere de gainage
(2) satisfaisant 35 la relation (I): 



nl-ri240,01(j caracterisee en ce que le comonomere vinylique (B) est
l'acide methacrylique. 40     2. Fibre optique en matiere plastique selon
la revendication 1, caracterisee en ce que ledit copolymere de gainage (2)
contient en outre 79,95% en poids ou moins d'un comonomere additionnel (C)
constitue d'au moins un monomere vinylique diff6rent des comonomeres (A) et
(B). 3. Fibre optique en matiere plastique selon la revendication 1,
caract6risee en ce que ledit copolymere de gainage presente une epaisseur
d'environ 1 A 100 gm. 45     4. Fibre optique en matiere plastique selon la
revendication 3, caracterisee en ce que ledit copolymere de gainage
pr6sente une epaisseur d'environ 1 A 30 pm. 5. Fibre optique en matiere
plastique selon la revendication 1, caracteris6e en ce que ladite Ame est
une Ame filamenteuse presentant un diametre d'environ 10 pm A 5 mm. 6.
Fibre optique en matiere plastique selon la revendication 1, caracterisee
en ce que ledit comonomere 50 (A) est constitue d'au moins un representant
du groupe forme par I'acrylate et le methacrylate de 2,2,2-trifluoroethyle,
I'acrylate et le methacrylate de 2,2,3,3-tetrafluoropropyle, et l'acrylate
et le methacrylate de 2,2,3,3,3-pentafluoropropyle. 7. Fibre optique en
matiere plastique selon la revendication 1, caracterisee en ce que l'indice
de refraction n, dudit polymere d'Ame (1) est de 1,44 ou plus. 55     8.
Fibre optique en matiere plastique selon la revendication 1, caract6risee
en ce que l'indice de refraction n2 dudit copolymere de gainage (2) est
d'environ 1,38 a 1,45. 9. Fibre optique en matiere plastique selon la
revendication 1, caracterisee en ce que la difference (nl-n2) desdits
indices de refraction n, et n2 se situe dans l'intervalle allant d'environ
0,01 a 0,20. 10. Fibre optique en matiere plastique selon la revendication
1, caracterisee en ce que ledit polymere 60 d'Ame (1) comprend au moins un
copolymere de polystyrene, de polymethacrylate de methyle ou de
methacrylate de methyle renfermant au moins 70% en poids de methacrylate de
methyle, des polycarbonates, des copolymeres de styrene deuterie contenant
au moins 70% en poids de styrene deuteri6 presentant un degre de
deuteriation d'au moins 50% et des copolymeres de methacrylate de methyle
deuteries presentant un degre de deut6riation d'au moins 50%. 65     11.
Fibre optique en matiere plastique selon la revendication 1, caracteris6e
en ce que ledit copolymere 20   



0 098 578 de gainage (2) est un copolymere comprenant 20 a 99,95% en poids
d'au moins un methacrylate de fluoroalkyle (A), 0,05 a 10% en poids d'acide
methacrylique (B) et 0 a 79,95% en poids d'au moins un monomere vinylique
(C) qui differe des monomeres (A) et (B) precites, en reduisant ainsi
l'indice de refraction dudit copolymere de gainage. 5     12. Procede pour
la preparation d'une fibre optique en matiere plastique selon la
revendication 1, caracterise en ce qu'il comprend la formation de ladite
fibre optique en matiere plastique par extrusion a I'4tat fondu a une
temperature d'extrusion se situant dans l'intervalle de 180 a 270C sans
moussage, blanchissement ni decomposition thermique. 15 20 25 30 35 40 45
50 55 60 65 21    


