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An object of the present invention is to provide a plastic clad optical fiber having good mechanical
45 strength and mechanical properties, particularly retention strength between a crimp type connector and the
optical fiber, which are not deteriorated at a high temperature.
The present invention is intended to increase a cross-linking density of a resin composition so as to
improve the mechanical strength and softening temperature and so as to suppress the swell by moisture at
a high humidity.
50 Accordingly, the present invention provides a photo-setiing resin composition comprising at least one
monomeric compound which has at least two carbon-carbon double bonds in a molecule and a
photopolymerization initiator, no compound which has only one carbon-carbon double bond in a molecule
being present in the composition.
The photosetiing composition according to the present invention gives a cured material having higher
65 hardness at a normal temperature and a higher softening temperature than the conventional compositions
which contain the monofunctional unsaturated compound. Thus, an optical fiber having a cladding made of
a cured material of the composition of the present invention suffers from less deterioration of the retention
strength between the fiber and the crimp type connector at a high temperature (at least 85°C) than the
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SUMVARY OF THE | NVENTI ON An object of the present invention is to provide a
plastic clad optical fiber having i cal 45 strength and

mechani cal properties, particularly re‘%en on strength between a crinp type
connector and the optical fiber, which are not deteriorated at a high
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the fiber and the crl np type connector at a high tenperature (at |east 85
C than the 3 EP 0 494 845 Bl conventional optical fibers. In addition,
the core protrusion fr ma tip end of the connector is small after |eaving

the fiber at a hlg erature or at a high tenperature andgqyhigh
humH(tyoor after suBJ ting the fiber to a heat cycle. The{ %m
car bon-carbon double b ri.ncl udes an acryl group and a nethacryl group

whi ch have good 5 reactlvfty in addition to a vinyl group and an allyl
group. A refractive index of the cured material of the conposition should
be smal | er whendmRiéa hydpdgematoro oea methy! gmtp. e cured material of the

conposi #¢ of if afkordabsylgross t he cl adding. To this end, the conpound contai ned
i n the conpusi repesfingaenidevitang carkentcprborpgauble fpend. Tbee palymesn ingigeshiny exapplb| ) (Methre
atom The evigserolyier heving pr) ursgturated thrd igranpetat sidenchaintang g nyMber avelageymaleeylary
viscosity Wignt giPO0R0 t25,0090P0dgsconvgrisrdo poliryranple! BB /Bt i on having a thin
thickness of 1 to 100 [err] is hgnogeneously coated on the gl ass core.
Accor di AYly, the COMpPoBfti on acRgrdi ng to the present invention preferably
contains a prepol yneri ed pol yrrér whi ch has a suitable polynerization
degree in additi obCHg~ )gmﬁ@ﬁgrc)ﬁuch pol ymer is not |imited{IP)ovided that
it can be crosslinked céﬁuv l'i gt |rrad| ation. Typical exanples of the

pol ymer ,is a copol yner Rgh cofPPRges a repeating unit of the formula: 15
[err]

wherein R! and R? are each a hydrogen atom or a methy! group,
: ‘\/ R; is a fluoroalkyl group, and
Ry is a hydrocarbon group. having a carbon-carbon double bond.
40 The Ry group includes a vinyl group, an allyl group, an acryl group, a methacryl group and an internal
olefin.
The R¢ group includes

=(CH)x-(CF2)y-CFs

wherein x is 1 or 2 and y is from 2 {0 6.

A third component may be copolymerized in such copolymer so as to improve the thermal resistance.
Specific examples of the third component are isobornyl (meth)acrylate, dicyclopentanyl (meth)acrylate and
adamantyl (meth)acrylate.

80 Other polymer which can be contained in the composition includes polyurethane (meth)acrylate. Such
polyurethane {meth)acrylate may contain either or both of a polyester and a polyether in a molecule. The
composition may contain a polycarbonate. Such polymer may contain a fluorine atom so that the cured
material of the composition has a suitable refractive index.

The compound having at least two carbon-carbon double bonds in a molecule is preferably a

65 compound having at least two (meth)acryloyl groups and includes the following compounds:

1.4-Butanediol di(meth)acrylate, sthylene glycol di{meth)acrylate, glycerol dimethacrylate, tetrasthylone
glycol di(meth)acrylate, diethylene glycol di{meth)acrylate, 1,3-butylene glycol di{meth)acrylate, neopentyl
glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, triglycerol diacrylate, 1,6-hexanediol di(meth)-
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20 " [err] | - (1) [err]
wherein [err] is a hydrogen atom or 594%[‘1 oup, and 25 Rf is a

fl uoroal kyl group, and a repeating U%IP aéll‘%gia car bon-carbon doubl e bond.
The pol yner includes, for exanple, a (nmeth)- acrylate copol ymer having an

unsat ur at ed JgRe, iipropylen8 BiyBél dkhiRe CtimbtiyickIshare MIHHERHcryRES paHiRryiRloERAbnAdte, pen-
wei ght of 5CaddRtitdl Qetfa(ntttfibchids, ivinegRlpRpine Cotradrylatd| YpbntdeMiTiol Aéxatritgte,l RAYARAD:
30 . (trade name)[MBANDA njamdiféctureti teNition Khyaku Kabashiki Kaisha, landaKAYABAD IR-684.ny dr ogen
atom or a met hYte cpmpoynd Hadig §t 1east tvofaiban-caetiol \dbubtp lenngds inzendolpatifer gnd if@ther having a
hydr ocar ben figerine ptotmandudes aacospound iof thafolvauia: doubl e bond. 40 The [err]
group includes a vinyl group, an allyl group, an acryl group, a nethacryl
group and an internal olefin. The [err] group includes [err] 45 wherein X
is1lor 2andy is frdEsz to 6. Athird conmponent may be copol ynerized in
such copolyner so as tb inprove the thernmal resistance. Specific_exanples
of the thi%d conpbPBpTCaF@)goRernyl (meth)acryl ate, dicycl opehtghyl
(meth)acryl ate and adamantyl (nmeth)acrylate. 50 Q her pol ymer which can

be contained.in the osition includes poci1 ur et hane th) acryl Eiggh

pol yur et hanew'ze??@g:ﬁf‘%‘i%%i%s R ng'cﬂ?i%?v if '\élﬁ &gpm %t°f1£tg%s‘§2"%8r‘%(/°é% Vg to ﬁ‘ ®a
. preferd ‘ompoun the formula: . . .

pol yet her15| PR ol eeulre" e conposition may contain a polycarbonate. Such

pol ymer may contain a fluorine atomso that the cured material of the

conposition has a sui tﬁabl e refractive index. conpound havi ng at | east

two carbon-carbon douljl e bonds in a nol ecule ifs preferably a 55 conpound

having at | east t g | r a ' udes the foldgw ng

conpdtndss 1, 4- But arfedi ol (ﬁ%ﬁéﬁq%‘s&qﬁ;’@g,x@gdw@ne gl ycol (oY

di (neth)acryl ate, glycerol dinmethacrylate, tetraethylene glycol

di (et h) acr wnaiei,R' dhdidwyd B6 eanwl ag dekinedlakforeet h) acryl ate, 1, 3-butyl ene gl ycol

di (et h) acr Wiat eg2,asbpent yl gl ycol di(neth)acrylate, triethylene glycol

di (et h) acr w iatweintepariot2 pder ol di acryl ate, 1, 6-hexanediol di (nmeth)- 4 EP

0 454 8452B1 a¥alyesafex and i preopeidctadedagbndens| ondiegessyry araperties supbtdsya odfipetive dndex,

tri (met h) acriguobness andeyvisgesity efiie composition.acr yl at e, pen- taerythritol

t et r a( met h) acr Jheagompougs havingeat legst Svreasaarbencdopiie pgndainee maPewermaviayr plrieasiane

hexacryl at e, urethene liskgge in a molecule. Such compound includes urethane di(meth)acrylate.

Types and a composition ratio of thess compounds which form the composition may be selected to

30 give necessary properties of the cured material. The composition preferably has a viscosity of 100 to
10,000 cps before curing. The cured material of the composition preferably has a breaking strength of at
least 1.0 kg/mm?2, Young's modulus of at least 10 kg/mm?, an elongation at break of at least 10 %, a
refractive index of at most 1.44 and a transmittance (thickness: 0.1 mm) of at least 90 % at a wavelength of
850 nm.
35 The photopolymerization initiator is preferably a compound which easily generates a free radical
through UV light irradiation. An amount of the initiator is preferably from 0.01 to 10 % by weight. The
_ compound which generates the free radical includes the following compounds:
w Benzophenone, acetophenone, benzil, benzoin, benzoin methyl ether, benzoin isobutyl ether, benzyl
dimethyl ketal, a,a'-azobisisobutyronitrile, benzoylperoxide, 1-hydroxycyclohexyl phenyl ketone, 22-
40 dimethoxy-2-phenylacetophenone, 2-hydroxy-2-methyl-1-phenyipropan-1-one. In- particular, when used as
the cladding of the UV light guiding optical fiber, 1-hydroxycyclohexyl phenyl ketone and 2-hydroxy-2-
methyl-1-phenylpropan-1-one are preferable.

The composition according to the present invention may contain a coupling agent for improving the
adhesion between the cladding and the glass core. Preferably the coupling agent are coloriess, transparent

45 and highly compatible with the compounds contained in the composition according to the present invention.
it preferably has substantially the same refractive index as the other components contained in the
composition. When the coupling agent is added, the fiber strength can be improved, the fiber can have the
improved retention strength between the crimp type connector and the fiber at a high temperature or at a
high temperature and a high humidity, and the core protrusion from the tip end of the connector can be

s0 decreased after leaving the fiber at a high temperature or at a high temperature and a high humidity or after
subjecting the fiber to a heat cycle.

Preferable coupling agents include a monomer such as diethoxydivinylsilane and dimethoxydivinyl-
silane; and a copolymer of such monomer and (meth)acrylate having an unsaturated bond in an ester side
chain of the formula:
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(trade ’narre) MANDA manuf act ured by Ni hon Kayaku Kabushi ki Kai sha, and

KAYARAD R-604. The conpound having %tohﬁaa%*m car bon- car bon doubl e bonds
in a"mol écul e and further having a uorine atomincludes a conpound of

the formula: [err] 10 [err] wherein [err] and [err] are the sane as
defined above, and n is a nunber of at |least two, preferably 2 to 5. It is
pref-erably a conpound ®&t the fomrtul a: 15rferr] [err] 20- [err]

wherein [err] and [err]] are the]same as defined above, x is 1 or 2, and y
is an integer of -XCHy-€),24CHy-CYg{€H0L)x-and y are sel ect éH)dependent on
necessarsy properties sdch as a rle actlvd I ndex, toughness and a viscosity
of the conposition. Th@QQﬁg@oun@Sha(@IRﬂg QDORQast two carbon-carbon doubl e
bonds in a nol ecule may have at | east one urethane |inkage in a nol ecul e.
Such conpound includes urethane di (neth)acrylate. Types and a conposition
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of at 9 % a refractive index of at nost 1.44 and a transmttance
(thi ckness :%J( Qf at least 90 %at a wavel ength of 850 nm 35 The
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generates a free rad| cal through UV light irradiation. An anbunt of the
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di met hoxy- 2- phenyl acet ophenone, 2-hydroxy-2-nmnet hyl - 1- phenyl propan- 1-one. In
parti cul2ar PREGERRED EMEOBMENR OFTJHEMIWENTION t he UV |ight gui ding optical
fiber, 1-hydroxycycl ohexyl phenyl ketone and 2-hydroxy- 2-

met hyl - 1- pherfj¢ preesptifuentiop wil barliustigiod P the finllewingrremelemsd Sompassiva Exeowlgsng t o
the present invention may contain a coupling agent for inproving the
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having an outer diameter of 230 wm. An ethyleneltetrafluoroethylene copolymer having an outer diameter of
, 500 wm was extrusion coated on the optical fiber, and then KEVLAR® was longitudinally lapped on the
b" fiber. Then, polyvinyl chloride having an outer diameter of 2.2 mm was loossly extrusion coated on the fiber
to obtain an optical fiber cord.
40 Table 3 shows the properties when a crimp type optical connector is connected with the optical fiber
and the optical fiber cord.

—

50



i npr oved retention strength between the cri rrp type connector and the fiber
at a high tenperature or at a high ﬁ;ﬂ) and a high humdity, and the
corer protrusion fromthe tip end of the connector can be 50 decreased
after leaving the fiber at a high tenperature or at a high tenperature and
a high humdity or after subjecting the fiber to a heat cycle. Preferable
coupl+ ng agents include a nononer such as di ethoxydivinyl siAane and
di gt hoxydi vi nyl - silane; and a copol yner of such nononer §nd
(met h)acryl ate having an unsaturated bond in an ester si«de “Chain of the
formula: £5 5 EP O 454 845 B1 [err] [err] [err] V\,hertgln [err] and [err]
are the sane as defined above, R is a hydrogen atom a Hethyl group, an
ethyl 10 group or a propyl group, and Zis a single bond @ an organic
group consisting of caxbon, hydrogen and oxygematons. Spegffic exanpl es of
the Z group consisting:of carbon, Fydr ogen andE"gxygen atongxare groups of
the formusPas: 15 [errg? [err] [errT wherein nand n are ea an i nteger of
1to 10. 20 When the conposition accordi n:g to the prese invention is
used as the cladding of the plasties clad opt+cal fiber, the:-COITpOSItI on may
be coated on the quart= glass or optical gl a&s by a die co&ing or spray
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material were prepared by m xing theg pogl rsgvth th%’ . tnds
indicated in Table 1 in 1adicated proportiong. An anmount im=Table 1 is in
part by weight. | medi atéy after dr&i ng a uartz rod M'l@a\fiber havi ng
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35 was coated on the fiber and then cured with UV light in a nitrogen
atmosphere to obtain an optical fi \&g an outer dianmeter of 230
[err]. An ethylenel/tetrafl uoroethyl ene copol yrrer havi ng an outer diamneter
of 500 [err] was extrusion coated on the optical fiber, and then

KEVLAR[ err] was |ongitudinally |apped on the fiber. Then pol yvi nyl

chl orj.de hapdyye an outer dianeter of 2.2 nmwas | oosely extrusion coated on
t he ifwer to-obtatrn an optical fiber cord. 40 Tabl e 3 shows the

properties when-a crinp type optical connector i-s—coprected—w-th—the
optical sfi beH and the opti cal fi ber cord. 45 50 55 6 EP 0 434 845|Bl 25
55 EP 0 434 845 Bl Table 1 Polymer (1) 1 2 3 4
10 Co- 16 PLujlln:iL \l } ;L -
10 - Pollys@rymd2 | {1) 101 - {-- —
10 15 ” Pql ymer (1V) : . | -
10 [err]% 20 r err] 25 [err] [qrr]l. 3D rn] 35 -
[err] [err] ZL€°1YTL§£ 1II[) ﬂ.@ 5
5 5 5 '
Polymer (III) | — - 10 -
b Polymer (IV) =~ ..° - - - 10
CHz—CHCOOCH (CF.) «CH.0COCH=CH. 65 65 64 -
(o
~ ® | CH,=CHCOO(CHa)2 (CFe)e (CH:)<0COCHSCHe | — | = | — | 35
CH,=CHCOO(CH.) . (CF,) s (CH2) .0COCH=CH. | - - - 30 ’J
25 CHz=CHC00(CH2)2(CF2)4(CH2)2000CH=CH2 - - - 15
CH2=CHCOO(CH.),(CF2)4+(CH,).0COCH=CH. - - - 9 .
30 CHs
I :
CH, = CHCOOCH.CCH,Q0CCH=CH. 19 15 14 0
l "
35 CHs
o CH3CH.C—&CH,00CCH=CH.) 5 ) 2 0
- _
“ @-c-@ 51 5| 5| 5
I
0 OH '
45 .
| Additive(CH, = CH—>+—Si(0CHs) . 0 0 2 0

50

Comparative Examples 1 to 4

Resin compositions having compositions indicated in following Table 2 were prepared by using the
5 same polymers (I) to (IV) as in Examples 1 10 4.
By using each of these compositions, an optical fiber was prepared in the same manner as in Examples
1 to 4 and an optical fiber cord having the same structure as in Examples 1 to 4 was prepared under the
substantially same conditions.



50 Conparative Exanples 1 to 4 Resin conpositions having conpositions
indicated in follow ng Table 2 were B B}( using the 55 sane pol yners
(1) fo (I'V) as in Exanples 1 to 4. By using each of these conpositions, an
optical fiber was prepared in the sane manner as in Exanples 1 to 4 and an
optical fiber vl shaws fropettisswhenHRritb typ6 bptica cOfnettdl wa¥ 36HRbASY with i opticdPrber and
prepar ed undesoptitebfiteutied.anti al |y same conditions. 8 EP 0 454 845 Bl

Tabl g3 shows properties when a crinp type optical connector was connected
with the optical fiber and the optical fiber cord. 5 Table 2 10 Pol yner

(1) s [Table 2 10 Pol ymer (11)
- 10 - Polymer (111) -
10 Polynmer (Y - — - e 10
[err] [err] 2p [err] [err] 30 [err] 35 1 9 3 (]—134[err] 40
45 50 55 1% EP 0 454 845 B1
Polymer (I) ' 10 - - ~
Polymer (II) - 10 - -
15
Polymer (III) - - 10 -
- Polymer (IV) - - - 10
~ _
’ CHz=CHCOOCH2(CF2)7CFa 65 65 65 -
CH:':CHCOO(CHz)z(CFz)?CFa - - - 65
® | CH2=CHCOO(CH:) s (CF2) 5 (CHz)20C0CH=CHs | — | — | — | 15
CH2=CHCOOCCH2)z(CFz)4(CHz)zOCOCH=CHz - - - 5
%0 CHs
I
CHo = CHCOOCH.CCH,00CCH=CH., 15 15 15 0
| .
e CHs |
A CH3CHoC—€—CH.00CCH=CH,)s ] 5 5 0
40 N
@-c-@ 5 | 5 5| 5
i
0 OH
45

50

55



5 [err] + As expl ained above, the optical fiber having the claddi ng nmade of
t he photosetting conposition 55 a %4 the present invention has
good* nechani cal properties and, particular Fy, | ow deterioration of
properties at a high tenperature. Nanely, a decrease of retention strength
between the crinp type connect or and the optical fiber is |owered at a high

terrpeﬁ‘ature (at | east ferTard~t-he- -qa-r-e-—p-l-ot fromthe tip end of the
connggtor is small affer Ieaw ng the flbert;:ats;‘a ﬁlg tenperature or at a
hi gh™ 10 EP O 454 845 Pl [ enperat urp anda high hdimdity or after
subj ectisng the fiber o A heat cycle.| Accordi ggl®, fhe optical fiber
according to the prese¢ntlinkention is}usefdl &s &n optical fiber for a
short or internediate}di gtaphce optical comguniacagi off system which, for
exanple, is used at aLhi ph fenperature and*a Migh hgmdity with connected
with a crinp type confecteor 5C:I‘°~a|‘@s 1. A_phto,éet ing resin conposition
conprisihg at | east ohe ponpneric corrpound"‘vmr‘ch hag at |east two
car bon- carbon doubl e bonfiS—{TTa ot ECptE—ad—g POt Ppol,yneri zati on
initiator, no conpoundl gahi ch has 10 onlg: owe \'.’.ar on&car bon doubl e bond
in a nolecule being p Eusent in the eopposi tii on. heuphot osetting resin
conposi t,i on accordi ng|to Clhim 1~ whith fuet hgr gon al-ns a copol yner which
conpri ses a repeating Lsn t bf the forbula: ‘1R'rm'r'| 205
[err] wherein [err] i$#alhyfrogen atom or rrgthgl rqu, and [err] is a
fl uoroal kyl group; anig’a repeati ng unjt hafl’i n a*ca bo‘r'fj-car bon doubl e bond.
25 3._The photosettingggsih compps{it | on aacordi gg o glaim1l, wherein the
nonofrér iz¢ conmpound haying aj |east twp carlfon¥ caf"borp dpubl e bonds in a
nol ecul e is a conpoung—et—tpe—fornutea—36——T—7 ©
[err] [err] [err] 35 whereinJerr] is & hydr(bgeh aom or a nethyl
group, [err] is a flugroaFkyl greups pnd . . [ - B
] ] ] = L]
<
” TIT|E £s
- < 3 AR B T I
-4 "2 o -] o
! 8 s b
® ~ o v a8
30 - N M + * g- S W ow
°° [} 0: —: ] ] 1 3\ - O DO
g Tt | g1y
& + + + o
% — Q: ‘D. Q g §
35 d N ; :7 ° g8 EE
' 1 ] L.
gg i
. ) E g v o o
L/ 1] 88 5 3
o ¥ s & 3| 5588
s Q - M L8 © O
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= a Y Wy o | VI N
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Py s @ @ | ZESS
33 e e - % o © oW w
45 gx 3 i on ho 0P
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28 w wfa 2 8 &% oo
. Do [ © ) ° L 3
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As oxplained above, the optical fiber having the cladding made of the photosetting composition

s5 according to the present invention has good mechanical properties and, particularly, low deterioration of
properties at a high temperature. Namely, a decrease of retention strength between the crimp type
connector and the optical fiber is lowered at a high temperature (at least 85°C) and the core protrusion
from the tip end of the connector is small afier leaving the fiber at a high temperature or at a high

10
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nis a nunber of at least two. 4. The photosetting resin conposition
according to claim1, which further Epa'sfgjlﬁﬁﬁ&corrpound havi ng at 40

| east two carbon-carbon doubl e bonds and at Teast one urethane linkage in a
nol ecul e. 5. The photosetting resin conposition according to claim1, which
further contighpbratde SRILDhGHIRLMAGS BF afteP sublSctihl Afetfibér 16 a6t @fHlid. Aadordingh) Ethe optical fiber
conpry si Ng aacCunding WORAKCprédent(h@iition isOilsafiSasGih opfital ibal fofh SR of IMbrrediakecdislandg) optidal
made, Qf a plasinuticaiet eystel whiety iftrgexample;fis asdd stea inighl aemmranld and b ivagh huhddity Ofith
the Sore, chanmctewitredinpnygeltatrietttre cl adding is made of a cured material of
a phot osesting resin conposition conprising at |east one nononeric conpound
whi ch has atClaimgst two car bon-carbon double bonds in a nolecule and a

phot opol yneri zation initiator, no conpound.which has only one carbon-carbon
doubl e bond % nA®heiesettingfeein semresitiqnrcempising jahlogsh anedagrp@ericicMppund; ghich hay gideast two
plastic clad op¥pangrrben double fonds inc cpig apq g phpiogolyprizaliphiniigier, Rofrompat whighyhas
resi n conffosi t PBhOTeERPAEFartop Aeuklerendin @ gioleryia Raing RFser indbgorPesiion-g  epeat i ng

unit of the fo |.a: 55 EP 0454 845 Bl ) . . * cC .
Vs B ey foup S'foarﬂﬁaa“?@? 1B, PSR R PP D
a heat cycle. AECOPHATRRCTILAL" S8 @4 i ber according to the present

I nvention,is useful as an optical fiber for a short or internediate

di stance optical communication system which,glor exanple, is used at a high
tenperature and a high humdity with connect¢d with a crinp type connector.
5 Cains 1. A photosetting resin corrposi(t'ggncggrrpri sing at |east one
rmnoggri c conpound whi ch has at |east two Cafbon-carbon double bonds in a
nol ecdl e and a phot opol ynerization initiator coo®gonpound which has 10

only one carbon-carbon double bond in a nol ecul e being present in the
conposition. 2. The photosetting resin conposition according to claima1,

whi ch further woadimRhis ahydiagenbtgmer a mhthyl lgroom pd Rdes fluaroaley gatp;agd uni t of t he
formul a: 15 20avdpeatiag wnitfhaving) a ¢arboercdulyori rdoghterbond.o0m or a net hyl group, and
[err] is & fluoroal kyl group; and a repeating unit having a carbon-carbon
doubl e bond.3- 25hegphotppaiting iesincrompesitian agcerging taceiai ds Mheraithe meramerie: eompgund] haying at
wher ei n t he nol§BHEYS EEHEARSD ferbieLendedn & molpaieds a eempporsiob iR i@y ®on doubl e

bonds in a nolecule is a conpound of the formula: 30

rr
[err] 0 gl
(CI-!z‘-'»C-COO) n-Rf
35 wherein R' is a hydrogen atom or a methy! group,
R, is a fluoroalkyl group, and
. n is a number of at least two.

4. The photosetting resin composition according to claim 1, which further contains a compound having at
40 least two carbon-carbon double bonds and at least one urethane linkage in a molecule.

6. The photosetting resin composition according to claim 1, which further contains a coupling agent.

6. A plastic clad optical fiber comprising a core made of quartz glass or optical glass and a cladding
45 made of a plastic material having a refractive index smaller than that of the core, characterized in that
the cladding is made of a cured material of a photosetting resin composition comprising at least one
monomeric compound which has at least two carbon-carbon double bonds in a molecule and a
photopolymerization initiator, no compound which has only one carbon-carbon double bond in a
molecule being present in the composition.
50
7. The plastic clad optical fiber according to claim 6 wherein the photosetting resin composition further
contains a copolymer which comprises a repeating unit of the formula:

1
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[err];35 wherein [err] is a hydrogen atomor a rrethylmrh k&ﬁ“ -.

fluoroal kyl group, and n is a nunber of at least two. 4. T

resin gonposition according to claigpga4sybishsfurther cont

havi ng at 40 | east two carbon-carbon doubl e bonds and at*leést on

uret hane |inkage in a nolecule. 5. The photosetting resin conposition

accor di ng eopghtweand a highihamidtyertaiter subjeciing thediber te e hpdt icyalp. Ag@rdinglyGthe Aptiralfibbi C
cl ad opt i cagcorfling ter the orepant inventionais msefidl asan optishl fiperafot @ shprtaos intapmedigie distarice ppticab
and a cl adepmmynig@ion syster dhhichs fop epampls; jie usegt ¥rd High Herneratprey ancbfar hight hureiditynwighx
smal | er t heainacled ity @ cimpetypypaBnecihar act eri zed in that the cladding i s made
of a cuﬁed mat eri al of a photosetting resin conposition conprising at |east
one nononef E”ﬁxawpound mhlch has at |east two carbon carbon doubl e bonds Th

armleculea oto rlzatlonjnt%or ound p a?Fas? 0y
0 as 5] wi
one car bon C $ @:mamo F ogglrﬁnin atlonsrgé! tor nV\/E;m%Pund whgh has
COh‘pO$I 0] ﬁ-c?r e An Qt- IE&J?G‘? IFsen@ {

mhereln he p tose I'ng re3|n conp03| |on cont al s a copolyner

whi ch conpsi sgg pﬁot&s%ﬂﬁ'@];dsﬂg:oﬁ% iof lacdoln t9 rcm q; wlﬁét furtheEBorQauf&Sflc&%!?mgtlwhlch
[err] [err] Qomsiséda Seliig Ghit rthidia: @ ydrogen atomor a nethyl group, and
[err] is a fluoroal kyl group; and a repeating unit 10 havi ng a

car bon- gar bon doubl e bond. 8. The plastic clad optical fiber according to
claim6 wherein the nonomeric conpound haviRy at |east two carbon-carbon
doubl e bonds in a nol ecul e which'is containkd in the photosetting resin
osition is a conpound of the fornulaﬂzie)ferr] [err] 20 wherein [err]
~@* hydrogen atomor a nethyl group, [err]lis a fluoroal kyl group, and n
i s.a number of at |east two. : - COORg '

wherein R! is a hydrogen atom or a methyl group, and R, is a fluoroalkyl group; and
a repeating umt having a carbon-carbon double bond.
25
3. The photosetting resin composition according to claim 1, wherein the monomeric compound having at
least two carbon-carbon double bonds in a molecule is a compound of the formula:

30 Rl

(CH,=C-C00) 4-R

35 wherein R? is a hydrogen atom or a methyl group,
Rs Is a fluoroalkyl group, and :
n is a number of at least two.

4, The photosetting resin composition according to claim 1, which further contains a compound having at
40 least two carbon-carbon double bonds and at least one urethane linkage in a molecule.

5. The photosetting resin composition according to claim 1, which further contains a coupling agent.

6. A plastic clad optical fiber comprising a core made of quartz glass or optical glass and a cladding
45 made of a plastic material having a refractive index smaller than that of the core, characterized in that
the cladding is made of a cured material of a photosetting resin composition comprising at least one
monomeric compound which has at least two carbon-carbon double bonds in a molecule and a
photopolymerization initiator, no compound which has only one carbon-carbon double bond in a
molecule being present in the composition.
50
7. The plastic clad optical fiber according to claim 6 wherein the photosetting resin composition further
contains a copolymer which comprises a repeating unit of the formula:

§5

11



25 9. The plastic clad optical fiber according to clai mm
phot osetting resin conposition fur j,NS a conpo avi “ﬁ“ ,
two car bon-carbon doubl e bonds andtégfﬂ?%;as}%%o‘ne ur et hane | ““E\““\& gl
nol ecul e.” 30 10. The plastic clad optical fiber accordi ng\m Jn > '
wherein the photosetting resin conposition further conprises a“ coupling
ageni~ Pat ent anspruche 35 1. Phot ohi rtendeRi'-iarzzusamrensetzung, die

m ndesyens ei ne nonomere Ver bi ndung, die mindest ens 2

Kohl ehst of f - Kohl enst of f - Doppel bi ndung¢ggiLrChibl ekA aufwei st, und ei nen
Phot opolsymeri sationsinitiator unfalt, wobeil kei ne Verbindung, die |ediglich
1 Kohl enst of f - Kohl enst of f - Doppel bi ndung i mCRPRgkU besitzt, in der
Zusamenset zung vor handen ist. 40 2. Photohirtende Harzzusanmmenset zung
germB Anspruch 1, die ferner ein Copolyner unfatt, das eine w ederkehrende
Ei nheit der MhexeB|R' isyg hydrogen atom or a methyl group, and R; is a [It@ppl](yl [g@pp;]and a repeating unit
(1) [err 50 h@seg hoaben-garbpnigublehond.of f at om oder el ne Met hyl gr uppe und Rf

ei ne FI uorgl %%%%%Ep soipnd léind j?flﬂ'?lﬁ Wi e_der‘{;heepreﬂgeorlas}r%h‘fe!a%ﬂ@ﬁﬁgggge;t loast
Kohl enst of - I t O] f .. L o
Har zzusammendt ARRTe }?@ﬂgﬁﬁggg L Tl VA g oY frgmepeon
m nde- sfens 15,2 EORPER S BF F"RERI enst of f - Doppel bi ndungen i m Mol ekU  ei ne

Ver bi ndung der Fornel ist: 12 EP O 454 845 Bl [err] [err] worin Rl ein

Wasser st of f at om odor G ne Met hyl gr uppe, g_f G ne Fl uoral kyl gruppe und n G ne
Zahl von m ndestens 2 sind. 10 4. Photohartende Harzzusammenset zung gem fB

Anspruch 1, die ferner G ne Verbin 1 t~Ad Ndest ens 2
Kohﬂeﬁ"stzpff- Kohl enst of f - Doppel bi ndgc%i%ﬁ utrs:(garﬁm(?}st ens 1 Urethan-Bi ndung im
Mol ekU enthalt. 5. Photohartende Harzzusamrenset zung gem B Anspruch 1, die
ferner ein KuynpreinRy&a Hytirohenaktidlatmettiybgréup, M t Kunststof f umhU I te opti sche
Faser, die o,k fikenalgugoipiardzgl as odor opti schem G as und eine

n is a number of at least two.

25
9. The plastic clad optical fiber according to claim 6 wherein the photosetiing resin composition further
confains a compound having at least two carbon-carbon double bonds and at least one urethane

linkage in a molecule.

so 10. The plastic clad optical fiber according to claim 6, wherein the photosetiing resin composition further
comprises a coupling agent.

Patentanspriiche

35 1. Photohirtende Harzzusammensetzung, die mindestens eine monomere Verbindung, die mindestens 2
Kohlenstoff-Kohienstoff-Doppelbindungen im Molekilll aufweist, und einen Photopolymerisationsinitiator
umfaBt, wobei keine Verbindung, die lediglich 1 Kohlenstoff-Kohlenstoff-Doppelbindung im Molekdl

- besitzt, in der Zusammensetzung vorhanden ist.

40 2. Photohdrtende Harzzusammensetzung gem#B8 Anspruch 1, die ferner ein Copolymer umfast, das eine
wiederkehrende Einheit der Formel:

Rl
45 l
- {(CH-C)- (1)

COOR¢
50

worin R! ein Wasserstoffatom oder eine Methylgruppe und R; eine Fluoralkylgruppe sind,
und eine wiederkehrende Einheit mit einer Kohlenstoff-_Kohlenstoff-Doppelbindung umfaBt.

55 3. Photohértende Harzzusammensetzung gem#B Anspruch 1, worin die monomere Verbindung mit minde-
stens 2 Kohlenstoff-Kohlenstoft-Doppelbindungen im Moleklil eine Verbindung der Formel ist:

12



Urhl |1 Jng aus ei nem Kunststoffmaterial mt oi nem Brechungsin

der kleiner als derjenige des Kerns éps{, ‘F 1ch gekennzei chnet

UrhU | ung aus einem gehirteten Materl ner photoharten iﬁ“ “““\
Har zzusammenset zung hergestel It ist, die mndestens G ne

Ver bi ndung, die 20 m ndest ens 2 Kohl epst of f - Kohl onst of f* Doppel b| ndungen
I m Mol ekal aufwei st, und eonen Photopol yneri- sationsinitiator unfabBt,
mobeﬁJkelne VErblndung, die lediglich 1

Kohl ®fst of f - Kohl enst of f - Doppel bi ndundCHer@tERRI~Rsesi tzt in der
Zusanmenset zung vor handen ist. 7. Mt Kunststoff umhtl]| te opti sche Faser
gem 3 Anspruch 6, worin die photoh~rtende Harzzusamenset- 25 zung
femer sin CopoWsimiY eip \Yahserstoffatom odeieine Mathdgrurrkehr ende Ei nheit der Fornol: 30
- (CH2-O) - COCRfe'“S@“mW‘QT"FRSUEq n Wasser st of fat om oder G ne Met hyl gruppe und
R, G ne Fl uor af ®92 &ahlyep&indpsiens 258k G ne wi ederkehrende Ei nheft mt einer
Kohl enst off - Kohl onst of f - Doppel bi ndung umc abBt M1t Kunststoff unhQlte

RSP RASL bR W“?%%“A%M?m T e

der photohlrte us n n I der
Fornol ist: %EEH%%E&E% és%""&ﬁgmﬁqé?fg%%hﬁ ietérgf g‘t‘ gﬁqpaﬁ %%.&P'%Q%I ne
Met hyl gr Upp lﬁﬁ) Kun ﬁnﬂ'eeodf.kéﬁg rFEé:kyJeg hi%m%@ darBiitCodePSPischAR Glas und eine
n ndest ens SUrﬂ au ridt Tt Fn%r&ﬂ&dﬁiﬁ eﬁiﬁﬁ? lHerdGdidf bis derjenige
Anspruch 6, Wogds KeftisEist) hafue %mﬁﬂ%c Z364) IR "VRIBARG -aus i6m | RREHoteR | Miforial einer
Ver bi ndung mi t prgioReiRideR Marzzus ndtain@ hdrgdsRi ifdd Mintiosiandaird MbdRERBMINdING, die
m nde? 5% Mindddensl2 HﬁlﬁnﬁamKﬁleﬁMpbﬂblMah@K ich MoKl Bufivdist, uh@ sindd Photopolymeri-
Kunst st of f  unhéztidrisieitiagrt ungash) avobed kéific UsBmdang\tiNsdiglith © Koménsiof-Keliledstoff-Doppelbindung
phot ohar t onde inomaakiidesite msiet Zusaringnsétaung esrhadden ig€Uppl ungsm ttel unfaft. 13
EP 0 454 845 Bl * C L M S * Revendications 1. Conposition de
resi ne phot @duMit Kewsiolf emitiditemptiackefaserigemad Anspruch & ennodisphetohietdedarpasammenset-
nmoi ns dewk doussh@ismei ein Sepalymeranthdlh dasceinelyiederkeimenderbinkpitgbicFogael:un i hiti at eur
de photopol yndrisation, la 5 conposition ne contenant pas de conpose
ayant une seul e double |iaison carbone-car bol{ke par

30 - (CH,-C) -
COOR¢

85
worin R' ein Wasserstoffatom oder eine Methylgruppe und R; eine Fluoralkylgruppe sind,
und eine wiederkshrende Einheit mit einer Kohlenstofi-Kohlenstoff-Doppelbindung umfaBt.

8. Mit Kunststoff umhlilte optische Faser gem#B Anspruch 6, worin die monomere Verbindung mit
40 mindestens 2 Kohlenstoff-Kohlenstoff-Doppelbindungen in Molekill, welche in der photoh#rtenden
Harzzusammensetzung enthalten ist, eine Verbindung der Formel ist:

Rl

® (CH,=C~COO) »n—R¢

worin R! ein Wasserstoffatom oder eine Methylgrupps,
50 R; eine Fluoralkylgruppe und
n eine Zahl von mindestens 2 sind.

9. Mit Kunststoff umhiilite optische Faser gem&B Anspruch 6, worin die photohdrtende Harzzusammenset-
zung ferner eine Verbindung mit mindestens 2 Kohlenstofi-Kohlenstoff-Doppelbindungen und minde-
55 stens 1 Urethan-Bindung im Molekill enthélt.

10. Mit Kunststoff umhlillte optische Faser gem&8B Anspruch 6, worin die photohértende Harzzusammenset-
zung ferner ein Kupplungsmittel umfaBt.

?
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mol ecule. 2. Conposition de resine photodurcissable solon la revendication

L, qur contient en ouise un copol vgigaatassi™ o Se= AR INIHRNIAN

COORf dans |aquelle R est un atome d' hydrogbne ou un grouge et hyl & et R
est un gr op&enditatieh®al kyl e; et 20 des notifs recurrents ayant une
doubl e Iiai son carbone-carbone. -- 20 3 Conposition de rdsine

photiodyr ci &.s &dmposktion Gérékiae prdwartEsaBlé cehipréhantda Mdink 86| d@hdoss menoMdIFIRSEau moins
Monomr e ay ankbwadoulid riaisehe oaridndaless paramsiéau eta.urb Gitiateara 0é) phatopolyménsalioa. bl e
est un conposempsitibro nencbeenaitSpas Gld2compséCay@hinuriefl seBl® double disisty taggoeedarendipare st
un atone d' hymbéogbne ou un groupe nethyle, R, est un groupe fluoroal kyl e et
n est un nonbre au noins tgal a 2. 4. Conposition de resine

phot odur ci s &lemposisign g¢ résige phofadireissele isejen 1 revendication iy aub gentiend o ptiedin GaPAYR{POS €
35 ayant iromprentsdeg melifs gsyMsslefamais ons car bone- carbone et au noi ns une
| i ai son™Uret hanne par noldcule. 5. Conposition de resine photodurcissable
selon la revendication 1, qui contiont en oyjre un agent de Q

couplage. 40 6. Fibre optique a gaine de 2gtibre pl asti que conprenant un
cosur on verre au quartz ou en vorte—¢fHhet€)et une gaine faite d' une
matibre plastique ayant un indice de refracg | us faible quo celui du
coeur, caracterisde on ce quo la gaine est Talite d une mati bre durcie d' une
conposition de resine photodurcis- sable conprenant au noins un conposE
mononbre qui ggnsAbuBile! i SstRUonfdQEHILB NG b& UiF BTHe GRAMBIE R, &RLPGHRHe RFdroipbdeul e
et yn initi atggsimotiCrsRineitd BRMURE oudR kSN calbhec@BBRSI L1 ON ne contenant pas de
45 7 gpnpose ayant une seul e doubl e Iiaison carbone-carbone par nol ~cul e.

7. Fibre ogt icgmpostion)as réeingl photvairtissable pdi@Slh rebricatidh @dahglat@Ne] dormptsé MBndmare
dans | aquel | eyanaacodisadsiot donbleiizistraTabenebbragar raolérala lbtain campdsé dd fodmulequt r €
un copol ynbre qui conprend des notifs r~currents de fornuls: 50 R1 85 COORf
dans laquelle R est un atone d' hydrogbne ou un groupe nethyle et Rf est un
groupe ®$ uoroal kyle; et 14 Rl

|
(CHp = C—CO0),—R¢

30 dans laquelle R' est un atome d'hydrogéne ou un groupe méthyle,
R; est un groupe fluoroalkyle et
n est un nombre au moins égal & 2.

4, Composition de résine photodurcissable selon la revendication 1, qui contient en outre un composé
35 ayant au moins deux doubles liaisons carbone-carbone et au moins une liaison uréthanne par molécule.

5. Composition de résine photodurcissable selon la revendication 1, qui contient en outre un agent de
\J couplage.

40 6. Fibre optique & gaine de matiére plastique comprenant un coeur en verre au quartz ou en verte optique
et une gaine faite d'une matiére plastique ayant un indice de réfraction plus faible que celui du coeur,
caracférisée en ce que la gaine est faite d'une matiére durcie d'une composition de résine photodurcis-
sable comprenant au moins un composé monomére qui a au moins deux doubles liaisons carbone-
carbone par molécule et un initiateur de photopolymérisation, la composition ne contenant pas de

45 composé ayant une seule double liaison carbone-carbone par molécule.

7. Fibre optique & gaine de matidre plastique selon la revendication 6, dans laquelle la composition de
résine photodurcissable contient en outre un copolymére qui comprend des motifs récurrents de
formule :

50

Rl

)
5 COORf

dans laquelle R' est un atome d'hydrogéne ou un groupe méthyle et Ry est un groupe fluoroalkyle ; et

14
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récurrents ayant une double I|iai Son Al Eﬂ;ﬁ c?lrbone 8 Fi
gaine de matibre plastique selon |la revendl cation 6, dans mg@u ,JM
conpose nononbre ayant au noins deux doubles |iaisons carb l’ m
mol ecul e qui  efsh moMe teRGHenE ANt he double HaBorCAariBRSdaltoRl) de r 6si ne

phot edur ci ssabl e est un conpose de fornmule: ,Rl 10

(CH2 :; C- CO®) rritheé ofitique 3 gajnke ldé andiibre qifdstique b reffertticelfon Of: riansO taquelie ¢ Cary®sé
mdt hyi'e, Rf eshonomérgraganpeu inbibsdena dbuplee ligdons cathe-canbon® pdy maplégule 1aii etscoatgial das
2. 15 9. #i br dla ogbpogtinn da résine photaliercisseble @stain pbragsé dadermsidel:on | a revendi cati on
6, dans laquelle |la conposition de r~sine photodurcissablo contient en
outre un conpose ayant au noins deux doubles |iaisons carbone- carbone et
au noins une |iaison urethanne par nol ch}e 20 10. Fibre optique a gaine
de matiere plastique selon |a reveg@lﬂl‘? | aquel l e | a conposition
de resi nd?phot odurci ssabl e conpren outre u agefnt de coupl age. 25 30 35
40 45 50 55 15

dans laquelle R' est un atome d'hydrogéne ou un groupe méthyle, R; est un groupe fluoroalkyle et n
est un nombre au moins égal & 2.
15
9. Fibre optique & gaine de matiére plastique selon la revendication 8, dans laquelle la composition de
résine photodurcissable contient en outre un composé ayant au moins deux doubles liaisons carbone-
carbone et au moins une liaison uréthanne par molécule.

20 10. Fibre optique & gaine de matiére plastique selon la revendication 8, dans laquelle la composition de
résine photodurcissable comprend en outre un agent de couplage.
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