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1 Descrl pt |-% o The present Qréeél/l(ér{(ye'l tes go opghyneri zati on
prdcess for- the production of organic-. copolyners suita @jbi} 22%;3&1
optical el ements, the copol yners pcess and strifatibn-free
optical elenents including these } _ F In the recent past,
organi ¢ ‘gl ass | enses have begun t¢ replREF Cﬁbrgani:jglass | enses. Organic
gl ass possesses several favorable characrerrst+ I ncluding lignter
wei ght, "better safety, easier processabillty and good dyeability which
of fer advantages. over Inorganic gl asses.y Attenpts have beeACOT2d42 tRo
perfect the propertles of organic glasses for use in Ienses for spectacles
It has been S

Copolymerization Process and Optical Copolymer Produced Therefrom

The present invention relates to a copolymerization process for the

5 production,of organic copolymers suitable for use in optical elements,
the copolymers produced by the process and ‘striation-free optical
elements including these copolymers. |

In the recent past, organ1c ‘glass 1enses have begun to replace

10 inorganic glass lenses. 0rgan1c glass possesses “several - favorable
characteristics including 1lighter weight, . better safety, easier
processability and gaod. dyeab111ty wh1ch offer advantages over
inorganic g]asses

15 Attempts'have been made to.perfect the properties o% organic glasses -
for use in lenses for spectacles. It has been found, for example, that
a refractive index of at leaSt 1.55 is needed in order to provide a
lens of su1tab1e thickness. Polymers such as polycarbonates and
po]ystyrene hav1ng such a h1gh refractive index cannot be processed by

20 casting. Accordingly, in British Patent specification 2 034 721 the
solution was proposed to copo]ymer1ze specific b1funct1ona] acrylates
or d1methacrylates with a radically polymer1zable monomer - such as
styrene,.to thereby produce an organic po]ymer hav1ng a refractive
index in excess of 1.55.

25
While the forego1ng polymer system provided a solut1on to the
refractive’ index problem, it produced lenses’ which were highly
inhomogeneous when reTatively deep molds were employed. These
inhomogeneous . lenses included flow lines (optical strain) which

30 interfere with the optical transmission of the Tenses.

In response to this problem it was suggesteds tOT carry .out the
polymerization in the presence of a—methylstyrehe_dimer in Japanese-
patent application J6 1134-701. While this so1ution reduced the.
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found for exampl e, that a refractive index of at least 1.55 is needed in
or der to provide a | ens of suitable thickness - Potymers such as

pol ycar bonat es and pol ystyrene having such a hi 1y cannot
be processed by casti ng. Accordingly, in BrltlsTH!Be&fﬁﬁr - gﬁc ation 2
034 721 the solution was prooosed to copol ynerizle spe@ffilf b’ftuncﬂj onal

acryl ates or di nmﬁm—w—ates—w—t-h—ﬂ—radl cal |y poltymeri-zabl € nononer. such as
styrene, to ther Sﬁ’ée?gl ‘polyner  having a refractive index
I n"excess-of 1. 5 "@ﬁﬁ’i or egoi ng pol yrrer system provi ded a

solution. to the ref prqbl em it produced | enses whi &AD 2g42eR
hlghly |nhonngeneo ely deep nol ds were enployed These

i nnonbgeneous .| enses included flow lines.(optical strain) which interfere
with the optical transm ssion of the l-ensesy . I'n response to this
problemit was suggested to carry out the polynerization in the presence: of
[err]-nethyl styrene diner in Japanese pat ent appl Ication JP-A-61 134701.

ot ent ety <HETER ERRRE St E0hSRRes kY Dt | RERS ¥R Bhe ,95?@1%"
whi ch sta¥es tamtwashepaiaped your v othe etipabgset roatemtt hmmcrexmames ethat i tie
optical strai ncor?ofl‘gmer B l?({ll‘l@&)qﬂ'e%ﬁ] LRI SR ‘E@& 'sqq Sﬁ%tféaqt §frain T

ot her chain t S or nmeri zati on egree ors” 'such a
various nercaptans, dialkyl dlsulfldes thluran1d|sulf|des chloroforn]

carbon tetrachifisi si@pacaeée %EQ&“Abﬂfc%twlpra%E dQafés, m??%th&h%hﬁﬁ%&aﬁéfé’r as
‘a chain transfer agent Y&é égerlz tion g{;e r egul ator I's t.oo strong, so
that. the " pol yABSPES A7 BAIYTERIZE 169 deores NegliAtorssTuch; as Japi WssBY ¥BF¥ T han
Reeded I a rgiadkyl vaiselkidpdysi d‘ﬂhumppedislﬂf_‘ldsyph ah1enorhane hagdlmss
eat resistance resi,st.anc resi.s e and._proces ility
deteriorate, oﬁ'eltrsgﬂ%%;?e cﬁ"gt S?ﬁog\n tgﬁg{gé‘égiadse %%8- B?g‘gblfg\eg{i %ﬁ%ﬁ&h@ata& a
these chain treamshetraagen agent polpatymerizatton degrese reglitar disstomstoonyg,
Thus, plastic g $ ar ! o®b%aj h t
cl earl y dermns%r?gg %’%tp%%{ﬁ@@ ?gﬁg s‘,jt'é 'ggr%g preju |c§a31r:m$1e51i[ gie&g?égﬁ]
in the art agdiorgt than mpeded. As a’ result, vamous physical propert1es such as
15 surface hardness, heat resistance, impact resistance, chemical
resistance and prqcessabﬂi_ty deteriorate, or optical. distortion
increases and discoloration due to these chain transfer agents or
\pd]lymerization degree r'e'gu]ators' occurs. Thus, plastic lenses for
- eyeglasses are not obtained". - a ' | '
20 o : .
.This_ _statément_' clearly demqnstrates that there 1‘_5 a strong prejudice
among those of skill in the- art against ‘using strong chain. transfer
agents (i.e. chain transfer agents having a high chain ‘transfer
, coefficient) to make particular copolymers for use in optical
-2_5 elements. Therefore, the present invention represents 'a surprising
step forward in the art since it demonstrates that the prejudice is
" not justified and can be overcome by the use of particular amounts of
such strong chain transfer agents '

30 In addition the present1 y.claimed subject matter is novel with resgect
to this disclosure since specific amounts of the chain transfer agents
are specified in the claims. The amount of'the'strong chain t_r‘an.sfet‘
agent referred to in this passage of the Japanese patent application.
is not disclosed. Further, ‘the presen_t\y_claimed amounts could not
have been used since the 'prese'ntly claimed process does not produce



trong chain transfer agents (i.e e. chain transfer agents having a high |
chain transfer coefficient) to nmake particular coool yners for use in

optical elements. Therefore, ‘the present invention represents a surprising.
step forward in the .ait since it demonstrates q—mg fber HASJB.EENC i's not ’
justified and can be overcome by the use:of paft I culy . such
strong chain transfer agents. In additiont i med

subj ect. matter is novel with respect to this di scl osure since speC|f|c
amount's of the chain transfer agents are specified in the clains.pchhgzaz R
amount of the strong chain transfer agent referred to In this passage of

t he - Japanese patent application is not. disclosed. Further, the presently
cl ai med anounts coul d not have been used sigce the presently cl ai med
process does not produce unacceptable adverse effects on the properti-es of
t he copol yner., whereas the prior art use of a strong.chain transfer agent
produced si gni tnacoeptaihecrayeesd eeffecvn vhe the opeoperddest of hdéhe opopghymer,
Thus, the pres o] t Vv [ d | r

osult 1 han thaasy Ehe priUS alde V3B EF g skefind \cHBifHARS e CaehE Miidugeq
217511 al 8o sugmtfscqm ;ad\eensza@fmts on nge mrégent'@swf [ Hter popadvmen .sthiuene

di mer in order¢gd pp E@M?R Cn'ils'tybé“?\bfrﬂ B h@nSeSpidduees! d. ik frenP resdlt
cont ai ni ng nonomer s cg:enese pat ent application JP-A:57 104901

di scl oses the BRATY ﬁ@?lpl‘df’rcﬂfto?r &f(nmeth)acryl ate nononmer and an allylic
‘mononer in the presence of a diunsaturated nonomer to produce an inpact

e, Bl et BT, 380 AR Btron
essenti allDy nompﬂmcpﬂ'essncalorﬁ wmthy‘rstyherﬂdimmamdemg'so producAcepiridiahly v,
it is the pr t r t e I Of RS HefOF

Imak: ng a cgpgrm%O ) (reFeltnggésesﬁLs i ﬁﬁ?ﬂ gnrb% gtﬁgg%sr{]g d @)ﬁ-‘?ﬁgrfspessent rally
no optical stredpgnese patent saﬂiﬂét:@?é'lonoé? eUtO 090k 1H sglesasnithe npadmedizatdon

provi de-a copof rHErd1f(ﬂétH)SBﬁﬁ%t%&¢ém€ﬁrhn’éeaMSdﬂq ¥ Pc Gisrlomé i 17K the presence

of .a dwnsaturated monomer to produce an impact res1stant plast1c
15 lens. ' '

However, none of the foregoing “methods can prov1de a su1tab1e
copo]ymer composition for lenses which exhi b1ts essent1any no opt1ca1
-strain even in thick 1ens castings.
- 20 o ,
Accordingly, it is the prinié_ry object of the present ‘invention to
provide* a _process for. mak‘ing_ a copolymer for lenses which is
" homogeneous and exhibits essential.ly no opti‘cal_ stra'in'. '

25 It is another object of the ‘present invention to prov1de a ‘copolymer
for lenses which can be used to cast th1ck 1enses havmg essent1aHy
no opt1cal stram '

_ These and other objects of. the present invention wﬂ] be apparent from
30  the summary and detaﬂed descnptmns which fo]]ow

'The present invention re]ates to a process for preparmg a copolymer
su1table for use as an optical element which comprises the. step of
rad1caHy polymerizing a composition which compmses at 1east one

fi rst monomer of represented by the formula (1):
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| enses having essentially no optical strain. These and ot her objects of

t he -present-invention will be apparent fromthe summary and detail ed
descrd ptions which foll ow The present iny ' , a process
for preparing a copolyner suitable for use as 'q'lm\s)lf‘oﬂ-ﬁEEEIH el enmenty which
conprises the step of radically polynerizing pol ymeri zabl e osition

whi ch conprises at |east 45% by weight, of the. petynerizable conposi tion,
[err] at | east one first nononer of represented by the forrmula (1):
2 . o ' ' : S . ACD 2242 R

; y

o Fl Fz - o Fz' o
CHp=C-C- (0CH-CH2)a - o'—.-R3o-(cuz-CH0)b- -C=CHp -
s | RS

+

wherein a and b are integers of from 0 to.4,
R and.Rz represent H or CH3, and R3 represents -0-, -$-, -C0-,

g -S0g-, ~CHp-, -CH=CH-or CH3-IC-'CH3; L

5-40 percent by weight, based bn the weight of the composition,.of et
least one second monomer represented by any one of the
15 formulas (LI),(I1I) and (IV): -

CHp = CH. .
| . an.
* 20 B
Xa
lRl | | |
25 CH2=C—§-0-CH2 ' . (413008
! |
. Xq
30 i e
CH2=C-ﬁ-(0CH2CH2lb 0 |
0
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[err]

*

wherein a and b are integers of fromO to 4 ' R[err] and

R2 represent Hor CHerr], and Rlerr] represents -0-, ferr],

-SgJerr]-, -CHerr]-, -CHCH or. and : Eweight,
of the melght of. the’ pol ynari zabl e conposition, THIS: SHiRls cond
mononer repre- .sented by any one. of the for IasR@PL&QEQIILLHand (1V):

'[err] |

ACD 2242 R

wherein Ry represents H or CH3, X represents H, lower alkyl or halogen

- other than fluorine, a represents an integer of from 0 to 5, and b

represents an integer of from 0 to 5; and 0.005 to 1.0 weight percent
of an organic chain transfer agent having a chain transfer coefficient

- at 50-60°C of  greater than 0.5 with acrylic monomer or styrenic
. monomer to provide a substantially'striation-free copolymer; in the

10 -

presence of a radical polymerization initiator. The ihVentjonz'also
relates to a copolymer suitable for use in an optical element obtained
by the radical polymerization process of the present invention and to
an optical element which comprises this copolymer.

 The first  monomer component: heving the general formula (I)  is

15

advantageohsiy used in an amount'of.about 45 to 95% by weight and more
preferably from 65 to 90% by weight of the total composition. The
most preferred first monomer component is.a compound of the formula

- (I) wherein Ry is methyl, Ry is hydrogen and-R3 is the group::

20

25

30

l |
CH3-C-CHs.

The second, styrenic monomer component having the generalfformula (II)':
is advantageously used in an amount of 5. to 40% by weight, of the
total composition , more preferably, 10-30% by weight'is'employed '
Among the second monomer components useful in the present 1nvent1on,
styrene is the most preferred '

The composition of the present invention may also- optionally -comprise

~a .third component which may be present during the copolymerization

process. These optional third components inc]dde,' for example,

" naphthylmethacrylates S such ~as -a-naphthylmethacrylate, _ p—-r
- naphthylmethacrylate; phenbxyethylacrylate; phenoxyethy]methacrylate; .
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mhereln Ri'err]. represents Hor CHerr], X represents H Iomer aIkyI or
halogen ot her .t han fluori ne, c)represents an int qgg% fromG3to 5 and-
d represents an integer of fromO to 5; in the %— &‘ F 1.0

wei ght percent, based EPLACED

ACD 2242 R

vinylnaphthalenes such as levinylhaphthalehe and other monomers such
as 4-viny1bipheny], divinyibenzene or vinylphenylsulfide. This third
5 monomer component is radically polymerizable and may be used in the
cbpol}merization_in an amount of 0 to 50 pefcent by weight, of the
total composition. In addition, to prevent lowering of the impact
resistance of the polymer it méy,be useful to add alky1(méth)acrylic

- acid ester such as buty]methacry1ate to the ;opoiymerizationf

10 -
As an initiator for the present polymerization_prpcess is employed
0.05 to 2.0 wt% of a conventional peroxidic_ initiator. Suitable
initiators include those that decompose at relatively low temperatures
such as the peroxydicarbonates. | |

15

The chain transfer agent used in the present 1nvent10n is an organic
compound hav1ng a chain transfer coeff1c1ent of at least 0.5 at .
* 50-60°C with acrylic monomer or styrenic monomer. The chain transfer
agent is employed in an amount which is effective to provide a
20 substantially stfiation—free'copolymer composition. This amount will
' depend upon the chain transfer coefficient(s) of the.chain transfer
_agent. In most circumstances, an amount of 0.005 to 1.0 wt% of the
total'compdsition is uséfu]; andjmore'preférab1y an amount of 0.05 to
0.5 wt% of the total composition is used.

25 . .
Particular chain transfer agents which have been found suitable for
‘use in the present inVention include a-bromomethylstyrene,
ethyl-2- bromomethylpropenoate tetrabromomethane and |
- trichlorobromomethane. '
-30

It has been found that by employing the particular chain transfer .
agents in the process of the present invention, one+ obtains a
substantially -striation4fﬁee copolymer -haQing 'substantially"]ess '
optical strain than similar polymers prepared in the absence of chain
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on’said pol yreri zabl e conposition, of an organic chain transfer agent

having a chiain transfer coefficient at 50-60[er Lo greatery t han 0.5
with acrylic nononmer or styrenic nononer to proyiTHés SHEEerBﬁt&\ y
striation-free copolyner: - .in the presence off a radthtdf  fol ynefization

initiator. The invention also relates to a copol-ymer-'suitabl&Tor use in

an optical el enment obt ai ned by the radical polynerization process of the
present invention.and to an optical .el enent whi ch conprises this
copoiymer.. - The polynerizable conposrtron of the present inveagbiz»a?2 R

i ncl udes the first nonomer of the fornula 1, a second nononer of the

formul as II-IV and, optionally a third nononer as di scussed bel ow. The
first nonomer’ conponent having the general Tornula (1) is advantageously
used in an anount of 45 to 95% by wei ght and nmore preferably from65 toe 90%
by wei ght of the polynerizable conposition. The nost preferred first

mononer conporimansfer ageotpotingrephreheritbr otiher (shainhdransfer| agentsi s This

nmethyl, R2 is ] +bS
G o] ot 1O RTATLIGH ol SR, chemmts, o phs

general for nuibgt er)ontgcahvbrﬁrégémy pn@&r‘ttﬁs ahhaarrcmﬁt poevigusly 4@%

wei-ght, of thﬁanlohwﬂ%lm@' ehétctraa@ﬁrgt bPrthigRéE® 'lIéh?é?%ﬁhl:é’ thé%ﬁ@&fatbxtrﬁlrght
i s enpl oyed. nono pr esent

Bventi one st anget depses ﬁB‘%tbepFeteétt?éﬁgp gt Hyothe Poredt HTReess esent

i nvention may.-al so optionally conprise a third component which nmay be
present durrng the copol yneri zati on process. These optional third

. conponent 5 i ncl ude, for . exanpl e, nap hthxlnethacrylates : =
10 It has also been found that the use of chain transfer agents in the -

process 'of the present invention does not adversely effect other

properties of the resultant copolymer. Thus, for example, the surface

hardness, impact resistance and coloration of the copolymers produced

by the present process; are all suitable for the fabrtcatton of
15 opttcal elements, 1nc1ud1ng thtck lenses for glasses.

To carry out the process of the present invention,'one or more of the
first monomer, one or more of the second monomer, the chain transfer
agent and an 1ntt1ator are mixed, if de51red together with a third

20 . monomer, to prepare a liquid casttng mtxture - The liquid s, then
‘poured into a_casttng mold and is cured by means. of heating over a
prestribed' heating program. The particular heating" program, will:
depend upon the specific¢ composition of the liquid mixture. The most
advantageous manner for copo1ymerizing the liquid mixture is directly

25 in a casting mold for a lens. In this way, one carries out the
copo]ymertzatton and the lens fabrtcatton 1n the same step '

The organic' glass copo]ymer of the present"invention has htgh

- strength, high refractive index; good solvent resistance, good surface

30 hardness and is striation- free, thereby having essentially no opticalr

strain. Thus, this matertal 1s su1tab'le for all sorts of lenses
~including extremely thtck lenses. B '
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3 “.such-as [err]-napht hynethacryl ate, [err]- napht hyl met hacryl at e;
phenoxyethylacrylate phenoxyet hyl met hacryl ate; v
as 1-vinyl naoht hal ene and ot her nononers such q-HﬂsﬁHEﬂ)l
di vi nyl benzene or vinyl phe- nylsulfide. This tthird REPIRMGED conpbnent is
radically polynerizable and may be used in the ~reriZation in an

anount of 0 to-50 percent by weight of the polynerlzable conposition. In
addition, to prevent |lowering of the inpact resistance of the polyner it

nes such

may be useful to add al kyl (‘meth)acrylic acid ester such as ACD 2242 R
buyt| met hacrylate to the copo- ‘lynerization.
8

The ‘primary use for the lens of the present invention is in opthalmic

glasses but it is possible to use this lens for other purposes such as

5 in cameras or other optical elements, or non-corrective optical
- elements such as sunglasses. ' :

.The following examples will further illustrate the present invention.

10

15

20

25
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As “an |n|t|ator for the present polymerization process is enployed C.05 to
2.0 wt % based on said polynerizable. conposit, ;

peroxidic initiaor Suitable initiators include ose at ®
relatively low tenperatures such as the per Ongl cartsonaAfes. The chain
transfer agent used in the present invention i$—aR-erganiC Conpound havi ng
a chain transfer coefficient of at least 0.5 at 50-60[err]C with acrylic
nononer or styreni ¢ nononer. The chain transfer agent is enployed in an
amount  which is effective to provide a substantially striation-fmnep 2242 R
copol yner conposition. This anmount will depend upon the chain transfer
coefficient(s) of the chain transfer agent In nost circunstances, an anount
of 0..005 to 1.0 wt% based on the polyneriz®bl e conposition is useful, and
nmore preferably an anount of 0.05 to 0.5 wt% based on the polym erizable
conposition s used. Particul ar chain transfer agents which have been
found suitabl e Bxampigse 1-H) t he present invention include [err]-bro-

nmomet hyl st yrene, et hyl - 2- br ononet hyl propenoat e, tetrabronomet hane and

trichl orobrormrret hane. 1t has been foupd that by enpl t he
particul ard chai8® PaBksspEweighhiaf tﬁt“fal‘rét"gﬂxéfg stﬁ%é‘%r%&ﬂﬁt AOERLROWaS

one obtains a silkedanied ¥ mrlpéﬂt@n foyee wedgietl yngf h§t’&ﬁé§e§UbSISan'tWtaé|yof
| ess optical str.ai n the aosence . of

th
charn bt anef er igéhrt SREGEELpEX RS REpRuRt EihonReE  andr otetaglos SIOUARR of
provides the amhlannyttansfenakaaganpsl asl detlaéhethtisn ftabie pol y nEfesewnixturest eere
opti cal transmigsaiop Af QRELL ks dLNAL, RS P" A AUShYC DRI AP APFA88 were
all ows the cast I'ng of er enses dPnte
| enses. cal0 be eodumeniaed yineki watea: bathoysingeths é@gh@wmsr bewesature pragranas

al so been founggybatat Nepses ofi el fe n?:@ﬁit%frﬁrrﬁgc_ﬁrﬁr% gy td%rp{@%%%o?r&nhe

present invention does not a versel fect otherpropérties of
resul tant copol3pnkrto 1AE, 2n Fr%laé: WHe SLﬁ\I}Fﬁgeuﬁér gHels th?)d@tte‘" bath

resi stance and wagl edcitedoty @b°¢ fhendcﬂlitoh!xﬁﬁi:rsswérl‘eodam@\ibdb)frénhQh@m@wnt
process, are all suitable for the fabrication of optical elenents,

15 The 1lenses were checked for the presenc.e of striations (_optical
" strain) by visual inspection with the unaided eye and by employing
polarized light. The presence of striations was graded as follows:

- = reference standard without chain transfer agent, significant
20 striations visible with the unaided eye; + = improvement but some
striations remain-visib]e to the unaided "eye; ++ = no striations
visible with unaided eye but some striations visible with polarized
light; and +++ = no striations visible with either the unalded eye or -
polarized 11ght The results of the tests are listed in table I

25
Comparative Example A
The _procedure of example 1 was repeated except that no chain transfer
agent was employed. The results are given in table 1.

30 Comparative EXatﬁples 8,C,D,E,F and G _ :
The procedure of example 1 was repeated except that «-methylstyrene
dimer was employed as the_'chain' transfer agent. The amount of a-
- methylstyrene empioyed and the test results are given in ta'blle I.
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iné[uding'thick | enses for gl asses.

pr esent

second npnoner,
together with a third nonomer,
The liquid is then poured into a castihyg
nmeans of heating over a prescribed heating program The particul ar

desired,
m xt ure

program w | |

cirectly In a casting nold for a |ens.

i nventi on,

one or

nore of the first nonese
the chain transfer agent and. a '!l'H\Stel_
to prepare aREPY
5Td and i s cured by

heati ng

depend upon the specific conposition of the |liquid mxture.
The nost advant ageous nenner for copolynerizing the |iquid m xtwuce 2282 R

I n thi

is way,

one carries out the

copol yneri zation and the lens fabrication in the sane step. A preferred

heat’i ng program conpri ses at
a linear tenperature rise programfrom35[err]Cto 90[err]C, and at
The organic gl ass copol yner of the present

one hour at 90[err]C.
hi gh refraddBhMell ndex,

i nvention has high strength,
good surface hardness and is striation-free,
essentially no optlcal

ance,

sorts ofylen

the l'ens of the present

u ' ens_ fo.
metne] AsProdehe
The foll ow ngtayh-rmlbeanomelthy‘f propenoaté | ugtrat e t he 100epant
80 parts by weight of tetra-ethoxylated bisphenol

possible to
optical ele

Exanpl es 1-10
ylate was m xed -with 20 parts by wei ght of styrene,

“di met hacr

strain.

Thus,

this materi al

i A enel y t hi clX

0

t her

PLPPR/RE

B Pgare

| east 4 hourd0at 35[err]C at

good

i'S sui

es. Amou

invention is in opthal mc gl asses but
in cameras or

| east 12 hours in
| east

sol vent resist-

t her eby havi ng

table faor al
i mar

for.
it !

s
ot her

such ag é
el ement 0% as sungTasses.

I nvent#+en.
A
0.5 wt %f-

bi s(4-t1lbut ylbeysenedhyl ytypenrdxydi car bonat 8 ano vari 0880pmbunt s of “nan

transfer age%m&&tﬂ?iﬁﬂr@ﬁe' n table

15

20

25

30

trichlorobromomethane
trichlorobromomethane
trichlorobromomethane

tetrabromomethane
tetrabromomethane
tetrabromomethane

a-methylstyrene dimer
a-methylstyrene dimer
a-methylstyrene dimer

carbon tetrachloride
carbon tetrachloride
carbon tetrachloride

4

1000ppm

500ppm
1000ppm

2000ppm

. 500ppm
1000ppm
5000ppm

500ppm

++

+++
+++

4+

++

+++

1000ppm *

3000ppm

500ppm
1000ppm
5000ppm

The chain transfer coefficients (Cx) for the materials used in the
examp]es were measured on styrene and methylmethacrylate (MMA) and are

given in table II
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1. These ni xtures were placed in glass nol ds having an 18 mm thick nol di ng

cavity and were polynerized in a wate r
tenperature program 6 hours at 35[err]C, a lin
over 14 hours from35[err]Cto 90[err]C and 2 hpurs REPRADEDr] C.
cycle, the water bath was cooled to.60[err]C an

fromthe nol d.
striations (o
by enpl oyi-ng
follows: .- =

striations visible with the unai ded eye;

bat n usj

THIS SHEEF HAG BEE]

ﬁﬁse program
fter this

+he—termses Wer € r enoved

The | enses were checked for the presence [err]
i nspection with the unai ded eye and

pol arized light. The presence of striations was gratid2242 R

ptical strain) by visual

reference standard w t hout chaln transfer agent,
+ = inprovenent but sone

striations remain visible to the unai ded elk;
mnth unai ded eye but sone striations visible with polarized light; end +++
no striations visible with either the _unaided eye or polarized light. The

results of the tests are listed in tabl

.

Chain Transfer Agent

ethyl-2-bromomethyl

- propenoate

10
15
20
25

- 30

bromomethylstyrene
trichlorobromomethane
tetrabromomethane
a-methylstyrene dimer
carbon tetrachloride

The foregoing examples

. significant

++ = no striations visible

JABLE 11
Cyx-Styrene Temp.
1.45 60°C
2.93 60°C
65 - 60-80°C
1.78 60°C
0.15 50°C

~ 0.0069 60°C

serve merely to

Cy-MMA

0.87

2,27

1.2

0.27

0.12
0.0005

Temp.

60°C-
60°c
30°C
60°C
60°C
60°C

illustrate the present

invention and are not to be construed as limiting the invention in any
way. The scope of th° 1nvent1on is to be determined by the claims

appended hereto.

- This Sheet Has Been Replace

[




4" Corrpar ati ve Exarrpl e A ' The procedure - of exanple 1 was repeat ed

except that no chain transfer agent was enpl oyed. The results are gi ven in -

table 1. Conpar ati ve Exanples .B.C. D. E F and

g Jre of
exanpl e. f was repem - et hyl Jﬁﬁvﬁ%"{&%ﬁ enpl oyed as
e _enp

t he chain transferThi tHasT ? nt of [err]4{nmeth oyed and

ag oyt results aref Illﬁl"ll W

Transfer Agent Exanpl e ; Am)unt
Used Rating et hyl - 2- bromonet hyl pr openoatACD 2242 R
500ppm-: +++ et hyl - 2- br ononet hyl prooenoate 2
. 1000ppm +++ _ broar?met hyl st yrene 3
"500ppm  ++ ' _
Claims
‘5 1. A process for preparing a copolymer suitable for use in an optical -

element which comprises the'-step' of radically polymerizing ‘a
composition which comprises at least one first monomer of
represented by the formula (I): '

10 a I o
Ry Rz - | R2 R1
N . | |
CHg—C-?IZ- (OCH-CH2) 3 - -0 R;—@—O- (CHZ-CHO)b-E-C=CH2 (1)
0 ' 0
15 -
' wherein a and b are integers of from 0 to 4,
Ry and Ry represent H or CH3, and R3 represents -0-, -S-, -CO-,
. : |
'-S02-, -CHp-, -CH=CH- or CH3-C-CH3;
2 - |
5-40 weight- percent, based .on the total weight of - the.
po]ymemzab]e composition, of at Tleast -one second monomer
represented by any one of the formulas (II),(III) and (IV):
25 '
- CHp = CH
' (1)
30 | Xa
R1 _
'CH2=C-ﬁ-0-CH2 (111)

* c L L} 1 *



brénnnéthylslyrene 4 1000ppm ++

tri chl or obr ononet hane 5.
trichrorpbronnnethan&_____k____glﬁ__-_
tri chl or obr ononet hane

t et r abr ononmet hane This Sheet Has

t et r abr onmomet hane

USRI e
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3.

tyrene di mer B . acDS®ApoR
[err]-methyl styrene diner C 1000ppm

[err]-nmethyl styrene diner D - 3000ppm
carbon tetrachl ori des E '
car bon tetrachlorlde ' " F
carbon tetrachloride - . G
Ry

CH2=C—ﬁ—(0CH2CH2)b 0- (1v)

0 _ - ¢
Xa

wherein Rj represents H, lower alkyl or CH3, X represents H or
halodén.other'than fluorine, a represents an integer of from 0 to
5, and b represents an integer of from O to 5; and 0.005 to 1.0
weight percent of said polymerizable composition, of an organic
chain transfer agent having a chain transfer coefficient at
50-60°C greater than 0.5 with acry1ic monomer or styrenic monomer;
in the presence of a radical polymerization initiator. -

A process in accordance with claim 1 wherein said chain transfer

_agent is employed in an amount of 0.05 to 0.5 wt% of said

polymerizable composition.

- A process in accordance with any one of claims 1-2 wherein said

polymerization_step comprises at least 4 hours at 35°C, at least
12 hours in a linear temperature rise program from 35°C to 90°C
and at least one hour at 90°C. '

A process 1in accordance with any one of claims 1-3 wherein said
chain transfer agent is selected from a«-bromomethylstyrene, .
ethyl-2-bromomethylpropencate, tetrabromomethane and
trichlorobromomethane. ' '

A copolymer suitable for use in an optical element obtained by the
radical polymerization of a composition which comprises at least

" one first monomer represented by the formula (I):

* c L M S *



The chain transfer coefficients (C) for the materials used in the eXaanes

wer e neasured on styrene-and met h- yl.methacrylate (MVA) and are given in
table I1. : ABLE | |

Chai n Transfer Agent Cerr]-Styrene TenpTHIS SHEEY ﬁ@sl\%@“ - Tenp.

et hyl - 2- br omonet hyl propenoate 1.45 'O[errBEPLAC : 60[ err]
C This!Bhesrp8 BRYA RépiaREE : 60[err]C

2. 27 60[err]C trtchlorobrononethane 65
60-80[err]C 1.2 U"IIIHI" Hr : t et r abr ononet haneACD 2242 R
1.78 " 60[err] 60[err] C - :
[err]-nehyl styrene diner 0. 15 50[err]C 0.12

60[err] C carbon tetrachl oriide 0. 0068 60[err]C
0. 0005 60[err] C The foregoi ng exanples serve nerely to illustrate

the present invention and are not to be construed as limting the invention

I n any way. The scope of the |nvent|on Is to be deterntned by the cl ai ns
appended her et o.

l &
5 CHp=C- ﬁ (OCH -CH2)a - o-<::::>— -<i:::>—0 (CHa- CHO)b ﬁ -C=CHz (1)

wherein a and'b7are integers of from 0 to 4,

.ld Ry and Ry represent H or CH3, and R3 represents <0-, +S-, -C0-,

o
-$0p-, -CHp-, -CH=CH- or CH3-C-CH3;
I
5-40 weight percent, based on the weight of the polymerizable
B composition, of at least one second mongmer represented by any one
of the formulas (II),(III) and (IV):
CHy = CH
20 (1)
& -
=C-C-0- (111) .
25 CHp=C ("I 0-CH2
0
Ry |
30 _ CH2=C-ﬁ-(OCH2CH2)b 0 ' . (1V)
0
Xa

A



REPLACEMENT SHEET Cl ai s 1. A process for preparing a copolynér

sui'tabl e ‘for
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use in an optical element which conprises the step of

radically pol yneri zing a conposition which _conprises. at.lgaast 45% by
wei ght, of the \Ael—gh{—e:f—t—he—pm—ynfer—kzabl e comﬂgSHEET HAS BEEM&Et | east one
first nononer &Eg senf e the formula ( ﬁEPlthD ‘
wherein a and b a iT i %ﬁ?o to 4,
I -
15

wherein Ry represents H or CH3, X represents H, lower alkyl or halogen
other than fluorine, a represents an integer of from 0 to 5, and b
represents an integer of from 0 to 5; and 0.005 to 1.0 weight pe?cent
of the polymerizable composition of an organic chain transfer agent
having a chain transfer coefficient at 50-60°C greater than 0.5 with
“acrylic monomer or styrenic monomer; in the presence of a radical
polymerization initiator. I

6. A cdpolymer in accordance with-claim 5 wherein said chain transfer

agent is employed in an amount of 0.05 to 0.5 wt%.

7. A copolymer in accordance with any one of claims 5-6 wherein said

polymerization step comprises at least four hours at 35°C,
least. 12 hours in 2 linear temperature rise program from 35°C to
90°C and at least -one hour at 90°C.

8. A copolymer in accordance with any one of claims 5-7 wherein said

chain transfer agent is selected from a-bromomethylstyrene,
ethyl-2-bromomethylpropenoate, tetrabromomethane and
trichlorobromomethane.

‘9. An optical element which comprises a copolymer as claimed in any

one of claims 5-8.

/

[T



"RierrT and R err] represent Hor CHerr], and R err] represents -CY, -S-

CI—ICE}]Sg(CQZIr—I{] -CH[err] -CH=CH"or |
err -CH err] | "and ' - 5-40 merght percent of wei ght of

. th
pol ymeri zabl e conposition, of at-least one second nononer represgnted '°
_by any one .of the fornulas (L), ( I) and (1V): [err]

Copolymerization Process and 0 t:r.cal Co oIt mer -
Produced Therefrom p P _Y L

5 A process for preparing a copo]ymer suttab]e for use in an optical -
.element - which comprises the step of radtca]]y polymertztng 'a '
comp051t10n which comprises at 1east one first monomer of represented

. by the formula (I), at least one second monomer represented by any one |

- of the formulas (II), (111) and (IV) and - 0. 005 to 1.0 weight percent

10 ~of said polymertzable comp051t10n of an orgamc chain transfer agent'
~ having a chain transfer coeff1c1ent at 50-60°C of greater than 0.5
with acryhc monomer or styrenic: monomer~ in the presence of a radical
- polymerization initiator, is disclosed. Also’ dtsclosed is a copotymer
_su1tab1e for use as an opttca] element obtatned by ‘the foregomg -
15 -process and an opttcal element compr1stng this copolymer The process
" of the disclosure provides essentially strtatton free polymers which
- can be used to fabrtcate opttcal e'lements 1nclud1ng thtck lenses for_
‘glasses. ' '

20

25

© 30




mherern R4 represents Hor CHerr], Xrepresents H
other than fluorine, c represent$ an I nt eger
represents an integer of fromO to 5: in the presence of
wei ght percent, based on said pol yneri zabl e conpo

0. 05-2. 0% by wei ght based on the weight of the poltyneri zabl e

conp05|t|on of .a.kadical polynerization initiator. 2. A eSS 1 N

accor dance man’ ¢laim1, wherein said chain transfer agent is enployed in

an anmount of @nddReshd? infantion relatkd1d/a Epsigflerizatios proddsg16H thye Hdduatiadd! Org Rt Einleds Qéltable for
usa in optical elemants, the copolymers produced by the process and stration-{ree optical slements including these
copolymers.

In the recent past, organic giass lenses have begun lo replace inorganic glass lensas. Organic glass possesses
several favorable characteristics including lignter weight, better safety, easier processability and good dyeability whicn
olter advantages ovar Inorganic glasses. ;

Altempts have been mada to pdrfect the properties of orgamc glasses lor use In lenses for spectacies. It has been
found, for example, that a relractive index of at laast 1.55 is neaded in order 1o provids a lens of suilzble thickness
Polymars such as polycarbonates and polystyrene naving such a high refractive inoex cannot be processed by casting.
Accordingly, in British Patent specification 2 034 721 the solution was prooosed 1o topolymaerize specific bifunctional-
acrylates or dimethacrylates with a radically polymaerizable monomer such as styrena, 1o thereby produce an organic

- polymer having a refractive index in excess of 1.55.

Whila the foragoing polymer system provided a solution lo the refractive index problem, ¥ produced lanses which :
ware highly inhomogeneous when relatively deep molds wers empioyed. Thess inhomogeneous lansés included flow
lines (optical strain} wnich interiere with the optical iransmission of the {enses.

In response 1o this problem X was suggested to carry out the polymerization in the presence of a-methylstyrene
dimer In Japanese patent application JP-A-61 134701. While this sowution reduced the optical strain in the copolymars
it did not entirely solve the problem as was pointed out in tha Japanesa palon! whxch statas that the cdoolymer proauced
by this method sxhibitea stight optical strain.

This Japanase Patent Application also states, “If other chain trans!er agenls or polymarization degree regulators
such as various mercaptans, diatky! disulfides. thiuram disulfides, chloroform, carbon tetrachloride and carbon tetra-
bromide are used, their actvity as a chain transler agant or polymarization degrae regulator is too strong, so that the
polymarization dagtee of a-resultant resin is depressed more than needed. As a result, various physical properties
such as surace hardness, heat resistance, impacl ressstancs, chemical resistance and processability detariorate, or
optical distortion Increases and-discoloration due to these chain transler agents or polymerization degree regulalors
occurs. Thus, plastic lenses for eyeglasses are not oblained”,

This stateament clearly demonstrates thal there is a strong prajudice among thosa of skilf in the art against using
strong chan transfer agents (I.s. chain transter agents having a high chain transler cosfficient) to make particular
cooolymers for use in optical elements. Therelors, the present invention represents a surprising step forward in the
an since it demonstratas that the prejudice is not justified and can be overcoma by the use of particular amounts of
such strong chain transfer agents.

In addition the presently claimed subject matter 15 noves with respect to this disclosurs since specific amounts of
the chain transter agenls are specifled in the claims. The amount of the strong chaln transter agent rsfarred to In this
passage of the Japanass patent application is not disclosed. Further, the presantly claimed amounts couk! not have
been usea since the presently claimed process coes not produce unacceptable adverss efects on the properties of
the copolymer, whereas the prior art use ol a sircng chain ransler agent produced significant adverse effects on the
properties of the copolymer. Thus. the prasent pcocess must be novel since 1 produces a diffarent result than the prioc

art process.
Japanese patent application JP-A-58 217511 also suggests polymarizatioa in the presence of x-methyistyrene

dimer in order 10 produce ootically uniform lenses from allyl-grcup containing monomers. Further, Japanasse patent
appiication JP-A-57 104901 discloses the polymarization of a di(meth)acryiate monomer and an alylic monomer in
the presence of a diunsaturated moncmer to produce an impact resistant plastic lens.

However, none of the loregoiig methods can provide a sultable copolymer composition for lansas which exhibits

- essentially no optical straln even in thick leas castings.
Accordingly, it is the primary object of the present invention 1o pravide a process for making a copolymer for lensas ,

which is homogeneous and exhiblts essentially no oplical steain.
It is another object of the present inventior: to provide a coporymer lor lenses which can be used to cast thick

lenses having essantially no optical strain,
These and other objacts of the present invention m'l be apparent {rom the summary and detafled descnp(lons '

which follow.

The pmsent invention relates to a procass for preparing a copalymer suitable foc use as an ogtical element which
comprises the step of radically polymerizing a polymarizable composition which comprises at least 45% by weight, of
the polymerizable composition, of at least ona first monomar cf rapresented by the formula (I):



3. Aprocess in accordance with any one of claims 1-2. whe
polynerlzatlon step conprises at' | east 4 hours at 35[ er
hours in a |inear tenperature rise programfrom35[err]Ct
| east one hour at 90[err]C. 4. A process in accordance w tthia
clainms 1-3, wherein said chain transfer agent |Is selected ffrom[err]-brao-
‘nonet hyl at yr ene, ethyl-2-bronnnethy|propenoate t et r abr onoiyet hane and

trichl or obr ononet hane. : ,
6 5. A copol yner SU|tabIe for use in an optlcal el enent obtai ned by the

radi cal pol yneri zatlfh ofR2a conposi ti on which conprises at'll east 45%

by wei ght, of the we e y s PQASH |q;m g | east one
first nmononer - '%&I Cﬁr’ 906 '@' 3'8 cth ’§' _cl‘ (n

whaerein a and b are Integers of from 010 4,
R. and R, represent H or CHj, and R, rdpresents -0-, -S-, -CO-, -S04, -CH,~, -CH=CH- of

|
CH3-?-CH3:

and :
5-40 percent by weight, of the weight of the polymarizable composition, of at feast one second monomer repre-

senlad by any one of the formutas (1), (Ill) and (IV):

CHp = CH
(11)
Xc
Rq
[T
cH2=c-€-o-cng (111)
0
Xe
?4
CH2=C-(':—(OCH2CH2)d 0 (1v)
0

X¢
wherein R rapresants Hor CH,, X represents H, lower alkyl or halogen other than fluorine, grepresents an integer
of from O to 5, and d represents an integer of from 0 t0 5; in the pressnce of 0.005 to 1.0 weight percent, based
on said polymerizable composition, of an organic chain transfer agent having a chain transter coafficient at 50-60°T
of greater than 0.5 with acrylic monomer o¢ styrenic monomer to provide a substantially striation-free copolymer:
in the presence of a radical polymerization initiator. The invention also relates (0 a copolymar suitable for use in
an optical element oblained by the radical polymarization process of the present invention and to an optical element

. which comprises this copolymer.

The polymenzable composition of the present invention includes the first monomer of the formula |, a gecond
monomer of the formulas (I-{V and, optionally a third monomer as discussed below. The first monomer compdnent
having the genaral formula (l) is advantageously used in an amount of 45 to 95% by waight and more preferably from
65 (o 90% by weight of the polymerizable composition. The most preferred first monomer component is a compound
of the farmula (l) wharein R, is methyl, R, is hydrogen and R, is the group: S

|
CH3-? ~CH3.

The second, styrenic monomer component having the ganeral formuia (l1) is advantageously used in an amount
of 5 to 40% by waeight, of the polymerizable composition , more preferably, 10-30% by weight is smployed. Among the
socond monomer components useful in the present invention, styrene is the most prafarred.

The composition of the present invention may also optionally comprise a third component which may be present
during the copolymarization procass. These ogtional third components include, for example, naphthylmsthacrylates



represented by the formula (1):  [err] wherlREBLACEMENT SHEET|
I ntegers of fromO to 4, ’ * Rerr] and R err] reprede Hor—CHerry], |
and Rlerr] represents -O, -S-, -CO, -SQerr]-, -CHerr]l-} - 1699
[err] and 5-40 wei ght percent of the wei{ght é:?:ﬁ%

pol ymeri zabl e conposition, of at |east one second nononer| rep~e

sented by any one of the formulas (I1), (I11) gnd (1rv):

suzh as a-naphthy'methacrylate, B-naphthylmethacrylate; phenoxysthylacrylate; phenoxysthylmethacrylate; vinyl-
naphthalenes such as 1-vinylnaohthalene and other monomers such as 4vinybiphenyl, divinybenzene or vinylphe-
nylsulfide. This third monomer component is radically polymerizable and may be used in the copolymerization i an
amount of 0 to 50 percant by weght, of the polymerizable composition. In addition, to prevent lowering of the impact
resistance of the polymer k may be uselul 1o add alkyi(meth)acrylic acid ester such as butylmathacrylate lo the copo-
lymarization. .

As an Initiator for the present polymerization process ls employed €.05 10 2.0 wt%, based on sakd polymerizable
composition, of a convantional peroxidic initiasof. Suitable inttlators include those that decompose at relatively low
temperatures such as the peroxydicarbonates. ]

The chain transfar agent used in the present invention is an organic compound having a chain transfer coefficient
of atlaast 0.5 at 50-60*C with actyilc monomer or styrenic monomar. Tha chain transter agent is employed in an amount
which Is eflective 1o provide a substantially striation-free copolymer composition. This amount will depend upon tha
chaln transler coatficient(s) of the chaln transter agent. in most clicumstances, an amount of 0.005 0 1.0 wi%, based
‘o the polymerizable composition is ussful, and more praferably an amount of 0.05 to 0.5 wt%, basada o the polym-
erizabla composilion s used. . . '

Particutar chain transfer agents which have been found sultabla for use in the. present invention include a-bfo-
momaethylstyrens, ethyl-2-bromomathylpropenoate, tetrabromomethane and trichlocobromomethane.

It has been found that by employing the particular chaln transfer agents in the process of the present invention.
one oblains a substantially striation-free copolymer having substantially lass optical strain than simdar polymars pre- -
pared In the aosence of chaln transfer agent or prepared with other chak vanster agents, This provides the abllity to
maka cptical elemants from polymers with batter optical transmission properties than was previously possils and also
atlows the casting of thicker lenses since the optical strain kn such lenses can be esseatially eliminated by the present
process.

It has also been found that the use of chain transfer agents in the process of the present nvention does not
aoversely eff sct other properties of the resultant copolymer, Thus, for example, the surface hardness, impact resistance
and coloration of the copolymers produced by the present process, are all sultable for the fabrication of optical elements,
including thick lenses for glasses. ' .

To carry out the process of the prasent invention, cne or more of the first moaomer, one or mare of the second
monomer, the chain transfer agent and an initiator are mixed, if desired, together with a third monomes, to prepare a
liquid casting rmuxture. The liquid is then poured into a casting mold and is cured by means of heating over a prascribed .
heating program. The particular heating program will deoend upon the specific composltion of the liquid mixiure. The
_ most advantageous menner lor copolymerizing the liquid mixture is cirectly in a casting mold for a lens. In tnis way,

one carrias out the copoiymaerization and the lens tabrication in the same step. A preferred healing pcogram comprises
at least £ hours at 35°C, at least 12 hours in a linsar tsmperature rise program lrom 35°C to 80°C, ana at least one
hour at S0°C. .

The organic glass copolymer of the present invention has high strength, high refractive index, good solvent resist-
ance. good surface hardness and Is striation-free, thereby having essentially no optical strain. Thus, this matarial is
suitable for ail sorts of lenses including extremely thick lenses.

The primary use for the lans of the present invention 1s in opthalmic glasses but it Is possibla to use this lans for
other purposas such as in camaras or other opticat elements, or non-corrective cplical elements such as sunglasses.

The following examples will further illustrate Ihe present invention.

Examples 1-10

80 parts by weight of tetra-ethoxylated bisphenol A dimethacrylate was mixed with 20 parts by weight of styrene,
" 0.5 wt% of bis(4-t-butyicyclonexyl) peroxydicarbonate ano various amouats of cnain ransfer agents &s detailed in table
1. These mixturas were placed in glass molds having an 18 rmm thicx molding cavity anc were polymaerized in a water -
batn using the following temperalure program: 6 hours at 35*C, a linear temperature rise program over 14 hours from
35°C to 80°C and 2 hours at 80°C. After this cycle. the water batn was cooled 1o 60°C and the lenses were removed
from the molid. _

The lanses were checked for the presence of striations (optical strain) by visual inspection with the unalded eye

and by employing polarized Ighl. The prasance of striations was graded as follows:
- = reference standard without chain transler agent, significant suriations visible with the unalded eye; + = improvement -
but soma striationa remain visible lo the unaidad eye; ++ = no strialions visible with unaided eye but some striations
visible with polarized light; and +++ = no striations visible with either the unaided eye o¢ polarized light. The results of

the tests are listed in tablae |.
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Comparative Example A

The procedure of exampie 1 was repe_ated sxcept that no chain transfer agent was employed. Tha results are
given in table 1. '

Comparalive Examples B.C.D.E.F and G

: The procedure of exampie | was repeatgd except that a—methylstyrene dimer was empioyed as the chain transfer
agant. The amount of a-msthylstyrena smp oyed anc the Lest results are given in 1able 1.

. TABLE |
Chain Transfer Agent Example ; AmountLsed | Rating
sthyl-2-bromomaetny! propencate 1 500ppm +4+
ethyl-2-bromamaethy! prooencate 2 1000ppm +++
bromomaethylstyrene 3 500ppm ++
bromomathylstyrene 4 1000ppm ++
trichlorobcomomethane 5 500ppm ' 4+
trichlorobromomaethane 6 1000ppm +4+
trichlorobromomethane 7 2000ppm +++
*| tetrabromomethana 8 500ppm’ ++4

tstrabromomethane 9 1000ppm +++
tetrabromomethane 10 £000ppm 4+
eremrsmmmnnranane A avncena -

~ a-methylstyrens dime- B . 500ppm +
a-mathylstyrene dime: (o 1000ppm +
a-mathyistyrene dimer 0 3000ppm +
carbon tetrachloride E S00ppm -
carbon tetrachloride ' F 1000ppm -
carboa tetrachloride G SOOOppm -

The chain transfar coefficlents (Cx) for the mater.als usad in the examples were measured on styrene and meth-
yimathacrylate (MMA]} and are given in table II. :

TABLE Il
Chain Transler Agent C,-Styrene | Temp. | C,-MMA | Temp.
ethyl-2-bromomethyl propenoate 1.45 60*C 087 60°C
bromometnylstyrens 293 | 60*C - 2.27 60°C
trichlorobromomethane C 65 60-80°C | 1.2 30°C
tatrabromomethane 1.78 60*C 0.27 60°C
a-methylstyrene dimer C.18 | s0*C 0.12 60°C
‘carbon tetrachloride . - C.0069 80*C 00005 | 60°C

The foregoing examples serve meraly to illustrate the presant invention and are notto be construed as fimiting the
_inventlion in any way. The scope of the invention is to be determired by the claims appended neresto.
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wheretn Rlerr] represents H or CH[err], X represents H |

hal ogen other than fluorine, ¢ répresents an i nteg REHLA@EMENQ‘ SHEET £
and d represents an integer of fromO to 5; in the presenge ard—0—665
1.0 wei ght - .percent, based on the pol ynerizable co

o$it
organi c chain transfer agent having a chain transfer odegﬁtgﬁ? af
50-60[err]C greater than 0.5 with acrylic nononmer or styrenlc.onnoner. anf
0. 05-2. 0% by wei ght, based in the V\Bi?ht of the polymerizable
conposition, of a radical polymerization initiator. 6. A-ecopotymer—tn
accor dance @YK claim 5, wherein said chain transfer .agent is enployed in
an amount of Q. Qhest for prepdinga %ebﬁlm 16 s @ lafl odtied: ¥BREnt GHRRlEnrisdtRNSeh | o 8dicany

7. A copol y e ponnbriARRbAREIRR WAkH ddmpdys 418 st L5% by aibtTTo! the wdightohRY sk MerSabidbompostion,
pol ymeri zat i 0Bt &blb@iporRairphdd@s obprbsaatad bfiatormula (hour s at 35[err] C, at | east

12 hours in a linear terrp rature rise programfrom 35[err]C to 90[err] C and
at least one hour at R1 err]C. 8. A_copolyner in acc Zdanceé th any

one of clains 5-7 S er t om a-

br ononet hyl styr engﬂzvmég?%)—/ ?rzgﬁmmst t@ﬁ@n@_? cﬁ%tbr oﬁlb cet harfe (dhd
trichl or obr ononet hane. g 9. A copol ynmer in accordance wth any gof cl ai s
5-8, wherein said polynerizable conposition further conprises up to 50%

by wei ght of th@nhdén i BRi aeiltbRrs@prgaRblsj ON of a third nononer selected from
napht hyl met hacr | &iies reprwssnyhi or CH,, and R, represents -O-, -S-, -CO-, -SO,-, -CH,-, <CH=CH- or

l
CH3-C-CH3;

|
and’
§-40 weight parcant, of weight of the polymerizable composition, of at least one second monomer represented
by any one of the formulas {ll), (ill) and (IV):

CHp =
(1)
X
Rg
CH2=é-C-0-CH2 o (111)
(l) i
XC
Ra
CH2=é—?-(0CH2CH2)d 0= (Iv)
0

Xe

wherein Ry represants H or CHy, X represents H, lower aikyl or halogen other than fluorine, ¢ represents an
intager of from 0 to 5, and d represents an integer of from 0 to 5; in the prasence of 0.005 to 1.0 waight percent,
based on sald polymarizable composition, of an organic chain transfer agent having a chain transfer coefficient
at 50-60°C greater than 0.5 with acrylic monomer or styranic monomer; and 0.05-2.0% by waight based on
the weight of the polymerizable composition; of a radical polymerization initiator.

2.. A process in accordance with claim 1, wherein said chain transfer agent is amployed in aA amount of 0.05 to 05 -
wt%, based on said potymerizable composition. .

3. Aprocess in accordance with any one of claims 1-2, wherein said polymerization step comprises at least 4 hours
© at 35°C, at least 12 hours in a finear temperature rise program from 35°C 1o 90°C and at least one hour at 90°C.

4. A process in accordance with any one of claims 1-3, wherein said chain transter agent Is selected {rom a-bro-
momsthylstyrens, ethyl-2-bromomathylpropenoate, tetrabromomaethane and trichlorobromomethana.
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7 - npapht hal enes, 4-vinyl bi phenyl, divinybenzene,
(meth)acrylic acid esters. 10. An optical ele KB
conprises a copol.ymer as claimed in any one of claims 5-9 G 1999

and al kyl

. ‘&QEMENL& E}'T

6

5. A copolymer suitable for use in an optical element obtained by the radical polymerization of a composition which
comprises at least 45% by weight, of the weight of the polymerizable composition, of at least one ﬁrst monomer

reoresented by the formula (i)

R 2o
CH2=C-§Z-(0CH-CHZ)3 -0 ~@— R3 —@0-(0“2-C“0)b-f*c"c'*z (1)
¢ 0

wherein a and b are integers of from O to 4,
Ry and R, represent H or CHy, and R, represents -C-, -S-, -CO-, +§0,-,:*CHy-, -CH=CH- or

I
CH3z-C~CH3;

and
5-40 weight parcent, of the welght o! the polymerizable compos:tlon of at least one second monomaer tepre-

sentad by any one of the formulas (l), (lil) and (IV):

CHy = CK
(11)
Xe
Rg
CHp=C-C-0-CH3 (111)
(ﬂ) .
Xc
Rq
CHgf-'(':-(':-( OCHpCHz)g O (1V)
0

Xe
whaerein R4 represents H or CH,, X reprasents H, lower alkyi or halogen other than fluorine, ¢ represents an
integer of from 0 to 5, and d represents an integer of from O to 5; in the presence of and 0.005 to 1.0 weight
percent, based on the polymerizable composition of an organic cnain transfer agent having a chain transfer
coalficient at 50-60°C greater than 0.5 with acrylic monomer or styrenic monomer; and 0.05-2.0% b y waight,
based in the weight of the polymerizable composition, of a radical polymanzatron initiator.

A copolymer In accordance with claim 5. wherein said chain transfer agent is employed in an amount of 0.05 to
0.5 wt%, based on said polymerizable composition. .

A copolymer in accordance with any one of claims 5-6, wherein said polymerization stép comprises at least four
hours at 35°C, at least 12 hours in a linear temperature rise program from 35°C to 80°C and at leas! one hour at

S0°C.

A copolymaer in accordance with any ons of claims 5-7, wherein said chain transfer agent is selected from a-
bromomethylstyrene, ethyl-2-bromomethylipropenoate, tetrabromomethane and trichlorobromomethane.

A copolymar in accordance with any of claims 5-8, wherein said polymerizable composition further compfises up
to 50% by weight of the polymerizable composition of a third monomer selected from naphthylmethacrviates, vinyl-
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naphthalenes, 4-vinylbiphenyl, divinybenzene, vinylphenylsulphide and alkyl (meth)acrylic acid esters.

10. An optical slement which comprises a copolymer as claimed in anv ona of claims 5-9.
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