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I nvention relates to novel conpatible blends of (neth)acrylic copglywners,
whi ch bl ends conprise an uni que conbi nati on of defined proportib f | ow
and high gl ass tenperature (neth)acrylit copolyners, useful for a range of
el astoneric, "thernoplastic elastoneric", and sem -rigid applications. The
I nvention further relates to optically transparent m scible thernoplastic
conposi ti ons »gfONE ATTBLEAND MISCIBLE COPOLYMERCOMPRQSYIIANSdef i ned
proportions of |ow and high glass tenperature acrylic copol yners, useful
for a range of clear or pignmented elastoneric, "thernoplastic elastoneric",
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flexibility, are thermoplastic, are non-plasticized, and are capable of undergoing
reversible deformation at relatively low stresses, are generally amorphous and
have low glass.transitizl)n temperatures. Materials of this nature will be
particularly useful as photon transmitters and (when clear) as interlaygrs in
safety glazing, visors for protective suits, optical couplings to advanced graphic
displays, components of electronic apparatus, and optical lens applications.

Polymers of alkyl and alkoxyalkyl acrylates or methacrylates having

appropriate side-chain substitution meet many of these needs, but when their
glass temperature is sufficiently low (below about 0 °C.) to obtain the desired
flexibility, the resulting copolymeré do not have the appropriate rigidity and
resistance to long-term flow or creep that is desired. Cross-linking may
overcome this latter problem, but the resulting materials are then no longer
thermoplastic. Combinations of copolymers as core/shell copolymers, as simple
or gradient copolymers, as interpenetrating networks, or as multiple domain
elastomers, have been only partially successful in achieving the desired balance

of properties.



2° Makower et al., European Patent Application 583,926, discloses an
| mproved nethod for preparing thernoplastic acrylic based nmulti-stage
copolyners with an attractive bal ance of conpression set, tensile strength,
tensile elongation, and brittle tenperajure val ues, useful as weatherable

t hernopl astic el astoners, wherein a second stage harder (glass tenperature
above 20 [err]C ) copolyner is dispersed in nultiple fine domains,
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I have found a novel method for combining the plasticizing action of
poly(ethylene oxide) or other poly(alkylene oxides) tow.ards (meth)acrylate
copolymers with the reinforcing action of a copolymer relatively rich in methyl
methacrylate, the copolymers being compatible (i.e. exhibiting physical
propertiés consistent with at least an averége of the properties of the two
components), and preferably miscible (i.e., no domains being detected of size
above 50 nm., and with a single glass transition temperature (Tg)). Specifically,
I have found an compatible composition which is a compatible blend comprising:

(a) from 5 to 95 weight percent of a first copolymer of::

@) from 5 weight percent to 95 weight percent of polymerized
units of at least one alkyl (meth)acrylate;
(ii) from 5 to 95 weight percent of polymerized units of at least

one poly(alkyleneoxy) (meth)acrylate of the formula

CH2=CR-C(0)-0-(CH2-CHR1-O)p-Ro2,



3° wherein Rand Rerr] separately are Hor CH err], wherein Rerr] is H,
Clerr] - C(Jerr] alkyl, Cferr] - (err] aryl, or (Jerr] - C[err] alkaryl;
and wherein nis 1 to 1000, the glass tenperature of the first copol yner

bei ng below 20 [err]C. ; .(b) from5 to 95 weight percent of a second
copol ynmer of: (1) at | east 50 wei ght percent to 95 wei ght
percent of pol yneri zed units of at |east one (Cerr]
-Cerr] al¥Mireif FhRaHY beparately are H or CH3, whereiReris]H CEl- €2 alyy| Cg or
Cerr] - (err] alkaryl (neth)acrylate; (ri) fromb5 to 50
wei ght per.c@ag aefl, pelGmech gadkaryli andiwhéreimass 1 to 1000, the glass one

Clerr] - (ferr] alkyl acrylate; the glass te erature of the second
copol yner teeiperasmrevef e fixst cpunlymeyrheing belewedPpesition is wherein nis 1

to 100, and norg preferr lhs wherein n is.3 to 50, A preferred
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acrylate of the second copolyner is ethyl acrylate. Another preferred
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copolyner is from 30, OOOOﬁeoC?QQ; g}kyl_acry_laté;t is desirable that the first
copol yner and the second copoly e mscible and that the conposition is

optically (Hef@hss ferRpEfRuIESf hSSddsha c@?@l@ﬁﬁir’fﬁe@ﬂg aBové120€Cn A peeferred
wei ght - aver age nol ecul ar weight (Merr]) of the first copolynmer is 30,000
or less, acunpoémitioniigmthezeior adelitol06unnd meregtrefarrgdis yhergin n is 3 to 50.

Another preferred composition is wherein n is 3 to 50, wherein the alkyl
(meth)acrylate of the first copolymer is ethyl acrylate, and wherein R is methyl,
Rjis H, and n is 10. An especially preferred composition is wherein the aikyl
(meth)acrylate of the second copolyﬁier is methyl methacrylate and the alkyl
acryla.te of the second copolymer is ethyl acrylate. Another preferred
composition is wherein the weight-average molecular weight (M) of the first
copolymer is from 20,000 to 150,000. Another preferred composition is wherein
the weight-average molecular weight (M) of the second copolymer is from
30,000 to 500,000.

It is desirable that the first copolymer and the second copolymer be
miscible and thét the composition is optically clear. A preferred miscible
composition is wherein the weight-average molecular weight (Mw) of the first
copolymer is 30,000 or less, and the weight-average molecular weight M) of
the composition is from 30,000 to 45,000 when R9 is H, and from 30,000 to
200,000 when R2 is C1 - C2¢ alkyl, Cg - C2g aryl, or C7 - Ci10 alkaryl. Within
the miscible blend composition, a preferred composition is wherein the alkyl
(meth)acrylate of the first copolymer is ethyl acrylate, wherein R is methyl, Ry is
Hor CH3, R2is Hor CH3, wherein n is 10, and wherein the alkyl

(meth)acrylate of the second copolymer is methyl methacrylate and the alkyl



the conposition is from 30,000 to 45,000 when Rerr] is H and from 30, 000
to 200,000 when Rerr] is (Jerr] - Cerr] alkyl, (err] - (Jerr] aryl, or
Cerr] - (Jerr] alkaryl. Wthin the mscible blend conposition, a
preferred conposition is wherein the al ﬁyl (meth)acrylate of the first
copolynmer is ethyl acrylate, wherein Ris nmethyl, Rerr] is Hor CH3, R2
is Hor CH3, wherein n is 10, and wherein the alkyl (neth)acrylate of the
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Is 3 to 50; the glass tenperature (J[err] as asured by differenti al
scanni ng mmp@la&lky}empxyh@nﬁ%%rywﬁcﬂfﬁm&0115%? bel ow 20 [err]C. and the

wei ght - average nol ecul ar weight (Mv) of the first copol yner being 30, 000

or |ess; (b) from20 to 70 parts by weight of the first and second
copol ymers conbi ned of a s@HyECRO@)yCECHipCHRYGnelt2 , _ (i)

from 60 wei ght percent to 95 wei ght percent of -polynerized units of nethyl
nmet hacryl at e; (ii) fromb5 to 40 wei ght percent of

pol ymer | Zeghg?éi%SR %fndaﬁl lsgggxlately are H or CH3, wherein R2 is Hor -CH3 and

wherein n is 3 to 50; the glass temperature (Tg) (as measured by differential
scanning calorimetry).of the first copolymer being below 20 °C. and the weight-
average molecular weight (Mw) of the first copolymer being 30,000 or less;

(b)  from 20 to 70 parts by weight of the first and second copolymers
combined of a second copolymer derived from: '

@) from 60 weight percent to 95 weight percent of polymerized
units of methyl methacrylate;

(i) from 5 to 40 weight percent of polymerized units of at least
one C1 - Cg0 alkyl acrylate; '
the glass temperature of the second copblymer being above 20 °C. and'the
welght-average molecular weight (Mw) of the copélymer blend being from 30,000
to 45,000 when Rg is H, and from 30,000 to 200,000 when R2 is CH3.

I have also discovered film, sheet, rod, or pptical fiber prepared from the
compositions described above, and further have discovered a composition
'wherein such a film is laminated between two sheets of glass or optically clear
plastic.

A third polymer component may also be present, as long as it does not
adversely affect the compatibility of the blend, or if the first and second
copolymers are miscible, does not adversely affect the miscibility or claritylof the

blend. That third component preferably is a polymer dissimilar from the first



one CJerr] - Cerr] alkyl acrylate; the glass tenperature of the second
copol yner being above 20 [err]C. and the wei ght-average nol ecul ar wei ght
(Mnv) of the copol yner bl end being from 30,000 to 45,000 when Rlerr] is H,
and from 30,000 to 200,000 when Rerr] §s CHerr]. | have al so
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pol y(al kyl eneoxy) acryl ate or nethacrylate. The

pol y(al kyl eneoxy) (net h) acryl ate co-nononer is of the general fornula:

CHerr]= CR CJerr] - (-@HgerGRER@) +SLHOHR,O) I wher e:
R represents Hor CHerr], preferably CHerr]; Rl err]
represents H orwhkéleerr]; Rlerr] represents H CHerr],

Clerr]Herr], (err]-Cerr] alkyl, err]-C.err]..aryl or Clerr]-Clerr]
al karyl and n represRmepresant e@ﬁ[BrBFﬁfirailgﬁdH&r eferably 3-100; and nost

preferably 3-50. Rj represents H or CHg;

Ro represents H, CHg, CoHj, C3-Cag alkyl, Cg-Coq aryl or C7-C10
alkaryl and n_represents an integer from 1-1000; preferably 3-100; and most
preferably 3-50. _ |

The co-monomers defined by formula I are poly(ethyleneoxy) or
poly(propyleneoxy) ester derivatives of acrylic or methacrylic acid. These
(meth)acrylate ester co-monomers can have a terminal group which is hydroxy
(i.e., R2 is H, or may be "capped" with a C1-Cog alkyl group such as methyl,
ethyl, butyl, octyl, dodecyl etc. or a Cg-Cog aryl group such as phenyl, naphthyl,
or a C7-C3q alkaryl group such as tolyl, methylnaphthyl, nonylphenyl , and the
like. It is preferred that Rg be either H or CHg when n is an integer between 3
and 50. When n is less than 3, R9 should preferably be C3-Coq alkyl, Cg-Cog
aryl or C7-Cgq alkaryl group. The methyl esters ,i.e. R = CHg are preferred
because of their photochemical stability. |

In the following discussion, a "low Tg component” means one whose
homopolymer will exhibit a glass temperature below-20 °C., and a "high Tg
component” means one whose homopolymer will exhibit a glass temperature (Tg)
above 20 °C. In a similar manner, a low Tg copolymer will exhibit by itself a
glass temperature (Tg) below 20 °C, and a high Tg copolymer will exhibit by

itself a glass temperature (Tg) above 20 °C. The skilled artisan, knowing the



The co-nononers defined by fornmula | are pol y(ethyl eneoxy) or
pol y( propyl eneoxy) ester derivatives of acrylic or nmethacrylic acid. These
(meth)acryl ate ester co-nononmers can have a term nal group which is hydroxy
(i.e., Rerr] is H or may be "capped" with a C(Jerr]-C[err] alkyl group
such as nethyl, ethyl, butyl, octyl, dodecyl etc. or a (Jerr]-Clerr] aryl
group such as phenyl naphthyl, or a (Jerr]-Cerr] alkaryl group such as
tolyl, metgmyy éﬁékurdmfﬁthﬁ f}ﬁim/dpolymdré kan realidy chlculstepoafpositéahs hat
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met hyl acryl at epy gtk Tac'(h?’étﬁ der B&Qeaﬁapaﬁéﬂd & the ﬂx%@@fa%é%op@ﬁfrﬁéﬁhﬁ,} be
n-butyl acrylate, se &t acry ate, i1sobutyl acrylate, hexyl acrylate,
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acrylate, , n-hexyl methacrylate, n-octyl nethacrylate, 2- ethyl hexyl
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(meth)acrylic acid, such as t-butyl acrylate, isobornyl acrylate, cyclohexyl
acrylate, methyl methacrylate, ethyl methacrylate, n-propyl methacrylate,
isopropyl methacrylate, sec-butyl methacrylate, isobutyl methacrylate, t-butyl
methacrylate, cyclohexyl methacrylate, isobornyl methacrylate, phenyl
methacrylate, benzyl methacrylate, 3,3,5-trimethylcyclohexyl methacrylate, and
the like.

The (meth)acrylic copolymers described in this invention may be prepared
by a process of in-situ bulk or emulsion copolymerization utilizing commercially
available monomers. Other suitably adapted copolymerization methods such as
solution and suspension copolymerization techniques may also serve to prepare
the copolymers. The copolymers may be separately prepared and blended by
conventional means. One preferred method, which forms an intimate blend of
the two copolymers without additional mixing, is the use of a continuous feed
stirred tank reactor (CFSTR), such as polymerizing the first copolymer in bulk
and then transferring that copolymer, along with the monomers which form the
second copolymer, into a CFSTR. Ifa sinall amount of unreacted monomer is
carried into the second copolymerization, miscibility of the two copolymers will

in general be increased.



met hacryl ate, octadecyl nethacrylate, and the |ike. The high Tg

(met h)acryl ate conponent of the first stage copolynmer may be at |east one
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al karyl (neth)acrylate selected fromat |east one al kyl or alkylthioalkyl
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et hacryl ate. | Sapr Se BRENASY Ak ks, PEG MM refpidacs ekt | sobut |

nmet hacryl at e, ate, cycl ohexyl nethacrylate, i s?bor nyl
met hacr yl gb erorRbieshibr WRiidlaaRY hanethdreplaye ester fgrony p4oBe end only of a

3,3,5-trinethyl cycl ohexyl nethacryl at the ljke...\ T

(et h) acr?dly(:eth_y)b@bl))giﬁ ) oMW i@@d?nipﬁ%@ﬁﬁﬁeeﬁ{‘ieo‘hmﬁ%?yt eeogiée}geanrded by a
process of .in-si u ok . I gm | kRRilaE tddcEo omerdnati al |
avai | abl @%H&@ﬁ.?&‘ﬂeﬁ&%%@% apt eﬁag%ép%ﬁ/rbreri zation ﬂ#gtnhods such a)s/
sol ution ﬁ{ﬁ, 5 UOPENS bdus AP e/ Sitier 28ihirnlt dowievprethermACEOmENeBEY 2 de

prepare the copolyners. The copolymers may be separat el repar e(%. and
bl ended bBaWPblyQﬂMylémdeM higbéreandbwen ?e%{ polyrisrization, as

intimate bl end of the two copolyners w thout addifi 14 s th

?T a cont deﬁmxﬁl by @edThe weight %‘éﬁﬂ@gFé’é‘\EﬂfFB‘i&a 15 Igggiu%g)ﬂaggeylniefi zi ﬁgutsﬁe
i rst copol yner,.in f iR Hy A ethapsiyted istamd Thiet h

t he mnon@?énﬁﬁilgﬂ cggéﬁa%aégggﬁg{%g%oﬁ%ﬁ& iyEt .o(.a a %ﬁ:#S%_t? | f au;bnal I

amount of JufRe@eicieculaReEighi mmgesrdareddequate tosfacitatrieassfi RFRE?ISINE:i on,

7 e hmemebosnnheaioein arebiippbRlediRsbfioatforsn L AkErower .\
nMacr onononer _whi C@ | gro?a]%\% 2,88{,%( Egﬁ;_‘fyoﬁ’i%io% velieH Riréimiecidlerefleen impobdved

pol y( et hy FRRE* G _ 10 et hyl ene oxi de units), the other
end bei ng pRsciBtlity MLpwedlihblecFlaE-vhaighaor aft deasttanepfshaicPBPoRaBEHONOMEY

but with a -OCH3 group at the other termnal. . Ho .t

beI based on pollp( egyreseeofdobiea@@i' pmcea%@@ﬂ?%\%é%%@%@%?wﬂ@r iad
pol ymeri zat,i,on, i . i | i ' '
nmeasur ed 8;91‘153 |to 3@? ﬁﬁ%ggﬁlégﬁog r‘r;xlalig% glrrgg%egmalgai ng?@ﬁ%ﬂﬁ?{l%ﬁfpegﬁs o

met hacr yl ah,8 il aRfialechf ot efden cEixamp s additiveshnay angude ane axdegnuoé t o

facilitate ease of processing, L . .
the following classes of compounds: antioxidants, ultraviolet light absorbers,
plasticizers, antistatic agents, slip agents, coloring agents, fillers and other
compounds.

Within the family of components making up the compatible blends is a
narrower family which yield truly miscible blends, as judged by the criteria of
single glass temperature combined with optical clarity. Neither criteria alone is
sufficient, in that clear blends can be prepared from compatible immiscible
copolymers whose refractive indices are very similar, and a blend having a single
glass temperature can be formed from two immiscible copolymers which have
similar glass temperatures.

Thus, a preferred aspect present invention is a family of novel optically
transparent compositions of matter comprising a unique combination of defined
proportions of low and high Tg aci'.yllic first and second copolymers, where Tg
refers to the glass temperature of the individual components. The considerable
synergism that exists between the components of the systems results in miscible

copolymeric compositions. This invention provides unique compositions of

optical grade thermoplastics that can be formulated to span a wide range of



and thermal and rheol ogical stability of blend conpositions. The narrower
ranges and | ower values in the conpositions which are m scible reflect

i mproved m scibility at l'ower nol-ecul ar weights for at | east one of the
conponents.. In the course of thesmal processing, small quantities of
additives nay be added to the conposition for the purpose of inproving the
physical properties of the final article of commerce. Exanples of additives
may i ncl ugptRataad xﬁe&yarﬁéaltﬂ}epéﬂhémvﬂ‘hgs athadaesntodén ceagpprovide optically

antioxidants, ultraviolet |ight absorbers | ast ant i tic,agents,
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transparent conpositions of matter conprising a unique conbination of

def i ned ;ﬂmpbrhtyoheabfesllsiwnamcabsregtﬁ aker pbpenge; ofglovs yader stieas 1s useful
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that can lqehsismrsaplaaaadnt d‘}erialane\s mai'ealsalbgeiyeﬂ to yield filmgppd 65 opHAR!

mechani cal . prop rt| Ss. Thus rovid | ear,
thermal ly, ﬁ}g (%F‘?’Sfug‘ﬁd ﬁ§ ?Tc% V‘%? figrﬁ)fﬁ:é{?l%&ll%g |{c:§s t hat
are eit herm%@éua&%nf bé&¥kiFube®or Wﬁnm ﬁﬁhffﬂmsz}Vxﬁbldéﬂtmﬁ@hbéfu@ bBjkts.
el astoneric thernoplastic conmpositions, i. e. "thernoplastic acrylic

el ast omer sAnvdnecdpehu‘deatt\méagms ﬂmﬁ/ thewpbbama@'yﬂlnﬁh@tmppk@ﬁ@ﬁta;dhﬁﬁ@ﬁ wedh

tensi | e nodul us | ati v o.a Cc at_anbi
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conposi ti OPSrtic {&e conbination of properties such as flexibility, heat
resi st ance, bsence of haze, absence of flow under stress is useful for
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expected to show an a seri of undesi rablf yel |.owi ng. and. gear escence due
to ionic salts, suc ithium conductive salts; 1n the constructio batteries

where the combination can serve as solid polymeric electrolytes. This aspect of
their use will be the subject of two patent applications to be filed simultaneously
with the present application.

For uses where the formed material needs to retain shape and avoid
viscous flow, such as in a optical light pipe or fiber, especially when exposed to
temperatures above room temperature, one or both stages may be prepared with
reactive functionality, and that functional used subsequently to "cure" the
shaped two-stage copolymer mixture. An effective process for preparation of
flexible light pipe, including preparing and curing of such compositions, is
disclosed in U. S. Patent 5,406,641. One or more functionally reactive
monomers are incorporated into the uncrosslinked copolymer of the
crosslinkable core mixture and are selected for their copolymerizability with the
bulk monomer(s) and for their utility in the subsequent crosslinkable core

mixture curing reaction. As "curable" monomers, the functionally reactive



phase separation. The bl ends may al so be dyed to yield filns and or optical
fibers of uniformtexture. The.optical grade rubbery acrylic thernoplastic
materials can be extruded or blown into thin filnms or nolded into useful
obj ects. An unexpected advantage is that9the rubbery acrylic thernoplastic
adheres well to plastic, glass, cellulosic and netal surfaces, and also to
I norgani ¢ oxi de particles. Certain of these blends will be useful
when conbi n@dnvidelts ape thomtd-unsdtomatedsmmpoundscwithan additignat GFeaGHVPY e
salts, in the constryction as Bhatteri where the conbinatj erve as
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I nvention include, ;but e not J4.m , hydroxyethyl (neth)acrylate, 2-
hydr oxypr op§He A% ﬂﬁsﬁlcf’lsgﬁﬁé?égé g‘%‘l}ge?le?lgn[(‘%et h)acryl ate; al koxysil ane
nmonomers such asTie MldwREHeaKdbéH géridrabtioopilympeization process,
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reactive nononer is a silane, preferahkaMPBEEr&ati os are fromabout 90/10 to

about 98/2, and nost preferably 94/6 to 98/2. O her useful_ functionally
reacti ve noduleCepelymarizstion of the First and Second Copolymers: Procedure

First Copolymer: The first copolymer may be prepared by a bulk
copolymerization technique as exemplified by the following: A monomer mixture
was prepared, having ethyl acrylate (EA): monomethoxy poly(ethylene glycol
(400) monomethacrylate) (M#1) ratio of 9:1. The mixture contained 87.7% of
ethyl acrylate (EA), 9.7% of monomethoxy poly(ethylene glycol (400)
monomethacrylate), 0.07% of 1,1’-azobis-(cyclohexanecarbonitrile) and 2.44% of
n-dodecyl mercaptan. This mixture was fed into a glass vessel in which the
mixture was purged with an inert gas such as nitrogen. After purging, the
monomer mixture was degassed and kept under a nitrogen blanket. The mixture
was then pumped at a maximum rate of 15 g/min. through a series of filters into
the continuous flow stirred tank reactor (CFSTR) in which the monomers were

copolymerized to yield 86 weight percent monomer conversion. The

copolymerization was accomplished at temperatures ranging from 105 to 125 0C.
At this temperature range, the operating pressure and stirring rate was set at

120 psi and 300 RPM respectively. Since the copolymerization reaction is



cure are disclosed in the '641 reference. The follow ng describes in
general the copolynerization process, fabrication techniques, and physi cal
testing nethods. Al conpositions referred to in the exanples are in weight
percent unless otherw se specified. 0

EXAMPLE A Bul k Copol yneri zation of the First and Second Copol yners:
Procedure First Copolyner: The first copolyner may be prepared by a

bul k copol yuBiieralit Othe RARM NG T2t Whi EoRgoldd With {18 hemDeodiggononer
m xture was prepared, having ethyl acrylate (EA): nononet hoxy pol y(ethyl ene

gl ycol (40§ackenn et topolyphatieiti¢h/iids performert neat] i.eThethd absence ofat ai ned
87. 7% of et hill acrylate (EA), 9.7% of nononet hoxy pol y(ethyl ene gl ycol
(400) nonoft¥e&¢ryl ate), 0.07% of 1, 1'-azobis-(cycl ohexanecarbonitrile)
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in which the m xture wa an ine such as ni'trogen. After
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bl anket. The nmi xture was then p ed at a naxi rate of 15 g/pin. through
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from 105 t azdBis(dyeldHekandtarbonitrilenged 8125% of antidecylnaerpetani Thepnesnue e
and stirring rate was set at 120 psi and 300 RPM respectively. Since the
copol ymer i ¥as $imilagly pusged with nitrogen, degassed and kept under a nitrogen blanket. 1

ool i ng ) adhis SedRah b HEFRE Y BeiRn TR et f fpfniaPlad of 15

cooling j agl‘< e copol'ymeri zatt on or e

absence of ggmswlingdta. CFSTR inSeERAGHeODd\WiRge cogitymibizHtion e tdi vigldt die
first copolymer and residual nongner was then dissolved in a nononer
mi xt ure whitepleewlasty masciblecdblend b hhe tve sepdymens.s Thadormagpyief theseeand of

the first | . 9.4 Der I 4@ n( =% A9.9
wel ght ' per CORguSHeites iyl R3kriB8 CRERL cPmpBRotkrs EIARE R R0 oG
0.25% of n-TiedeswingRseoPidPresEiee Kexé the sime 5 tHalt alskd iRWhe pdeparation of
ni trogen, degassed and kept under a nitrogen bl anket. The degassed m xture

was fed thtbadirstcepalymerofUnpdlymesized B Anamdrmoromethdxy poly(ethylene
glycol (400) monomethacrylate) were removed from the two stage copolymer
solution effluent in a stripping action with a static mixer equipped with a
vacuum pump. The overhead fraction from the stripping column comprising of
unpolymerized monomers may be passed to a recovery system or, preferably,
recycled to the second stage of the copolymerization process.

The residence time in the copolymerization reaction vessel (CFSTR), the
monomer feed rate, the initiator and chain transfer concentration and the
copolymerization temperature were ai‘ranged in order to ensure monomer
conversion ranging from 80 to 90 weight percent.

EXAMPLE B .
Emulsion Copolymerization of the First and Second Copolymers: Procedure

The copolymeric components of the composition may also be prepared by
emulsion copolymerization. An example of the general procedure follows.

First Copolymer: A monomer mixture was prepared, having a ethyl
acrylate(EA): monomethylether-poly(ethylene glycol(400)-monomethacrylate
(M#1) ratio of 90:10. The mixture coﬁtained 54.9% of EA, 6.1% of M#L 1.5% of
n-dodecyl mercaptan, 36.7% of deionized (DI) water and 0.8% of a 10% aqueous



gfmn. into a CFSTR in which the final stage copol ynerization occurs to
yield a nolecularly m scible blend of the two copol yners. The fornati on of

t he second copol yner was simlarly carried out at tenperatures ranging from
120 to 125 [err]C. The stirring rate andlpressure were the sane as that
used in the preparation of the first copolynmer. Unpolynerized MMA, EA and
nononet hoxy pol y(et hyl ene gl ycol (400) nononethacrylate) were renoved from
the two st agdiwmsodgaribenseng swiphonateaiutipn. Toan appronyiatetalass vessal a

static m xer _equi ppe .t h vacuum . _The overh ctli f
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gl ycol (400) - nrononet hg&al ate (M#1l) ratiaq of 90:10. The m xture contained
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heater, a rpbtepdedpolie Dféiatonfidxtiirk vogend dqbtothe! teaetionasssaldedhe ratdodf DI
wat er and 0.03% of sodi um carbonate. The m xture was sparged for one hour
wi th nitroged mmie. dde aceymyatignof splids waganeasurgd evereSQaginutes dhdhged
to a sweep L% - 100/ | o o
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was then rgofefe houds T mixiurdivdshihent @R @idisrddivd polysthyldi® jariihi at or
m xt ure whi ch consisted of 0.34% of_ sodi um persul fate and 99. 7% of

dei oni zed \eparatien frdde sesonganddinalissage ekthel copplymempaiienr. ni xt ure was

then fed into Second Copolymer: A second copolymer which is a copolymer of methyl

methacrylate (MMA) and EA was formed in the presence of the first éopol_vmer

* by an in-situ emulsion copolymerization technique as follows: A monomer
mixture was prepared, having MMA: EA ratio of 60:40. The mixture contained
37.2% of MMA, 24.8% of EA, 0.3% of n-dodecyl mercaptan, 36.5% of DI water
and 1.2% of a 10% aqueous sodium dodecylbenzene sulphonate solution. The
monomer mixture was copolymerized according to the following procedure. To
an appropriate glass vessel équipped with stirrer, heater, a reflux condenser, and
nitrogen sparge tube, was added: 67.9% of the emulsion of the first copolymer,

and 32.1% of DI water. The mixture was sparged for one hour with nitrogen
while heating to 70 °C. The sparge rate was then changed to a sweep. The
temperature of the reaction vessel was then raised to 85 °C. At this temperature
17.63 ml. of the initiator mixture which consisted of 0.22% of sodium persulfate
and 99.78% of deionized water was added to the reaction vessel. The monomer
mixture was then fed into the reaction vessel at the rate of 4.30 ml./min. As the

copolymerization proceeded, the initiator mixture was added to the reaction



the reaction vessel at the rate of 7.56 m/mn. As the copol ynerization
proceeded, the initiator m xture was added to the reaction vessel at the
rate of 1.3 m/mn. The accunul ati on of solids was neasured every 30

m nutes. At the conpletion of the initig or and nonomer addition, the

m xture was held at 85 [err]C for one hour. The m xture was then cool ed and
stored in a polyethylene jar in preparation for the second and final stage
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where the hydroxy terminal group is not capped or reacted, in the weight ratio
of 19:1 respectively. The final stage is a copolymer of MMA and EA, in the
weight ratio of 3:2 respectively, and constitutes a total of 60% w/w of the two
stage copolymer content. The final blend is optically clear, and exhibits
significant adhesion to glass and metal substrates.

Example 2: Using the previously described bulk copolymerization
process, a two stage miscible binary copolymer system is prepared as follows:

The copolymeric matrix is synthesized by in situ copolymerization of a high Tg

(ca. 42 0C) copolymer, PMMMA-EA = 60/40), in the presence of a dispersed low Tg
(ca. -533 °C) copolymer, P(EA-poly(ethylene glycol (400) monomethacrylate). The
latter copolymer is prepared from a monomer mixture of ethyl acrylate and
poly(ethylene glycol (400) monomethacrylate) in the weight ratio of 9:1
respectively, to yield an optically clear copolymer. This copolymer is then
dissolved and subsequently copolymerized in a monomer mixture, which

comprises the copolymer, MMA and EA monomers in the weight ratio of



by differential scanning calorinetry. Example 1: Exanples 1 - 6
descri be preparation of several specific copolyner blends within and

wi t hout the invention; sonme properties of the blends are summari zed in
Table |I. The bul k copol yneri zation reactigon techni que which is outlined
above is enployed in the preparation of the two stage m sci bl e copol yner
systemof the follow ng conposition: The initial stage copolyner conprises

ethyl acrylsg£7.054bsdivRD) Wisldiyg aRpslcul | cldaAOEughh mofetlbeling| capelymenher e
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2: Using the previ ougl y described bul k copol ynerization process, t wo
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(ca. 42 [ ermijscibleogapiojymer SFRMA- EA = 60/ 40), in the presence of a
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copol yner that "adheres readily to glass and netal substrates. A conbination
of optical transfesagentand iditiater do yieldamdsture oé tharfollonang spmpepiion: #s
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monomet hacryéretr) of BAt menvsiegh{Thecdritireomixtoure wasdpd 4o ia@F§TReas previously
described and copolymerized to yield an optically clear, miscible two stage
copolymer system.

Example 4: A first copolymer, P(EA-poly(ethylene glycol (400)
monomethacrylate)=90/05), of similar molecular weight, composition and degree
of conversion, aé defined in Example 3, is combined with MMA and EA
monomers in the weight ratio of: 40:36:24 respectively. Chain transfer agent
and initiator are added to the mixture prior to copolymerization in a CFSTR as
previously described. It should be noted that for this example the amount of
chain transfer agent used in Example 3 was reduced to yield a higher molecular
weight copolymer. As seen in Table I, in spite of the fact that the composition of
the copolymers defined in EX. 3 is identical to that described in this example, the
increase in molecular weight of the second stage copolymer; PMMMA-EA = 60/40)
yields a copolymeric composition that is opaque in appearance.

Example 5: A first copolymer comprising of EA and poly(ethylene glycol
(400) monomethacrylate) in the weight ratio of 9:1 respectively, is combined with
MMA and EA co-monomers. The composition of the monomer mixture is as

follows: 30 weight percent of P(EA-poly(ethylene glycol (400)



prepared by the previously described bul k copol ynerizati on process to yield
a | ow nol ecul ar wei ght copol yner (bel ow 150,000 daltons) (Table I). The
fi.rst copolyner is dissolved in a nononmer m xture conprising of MVA EA,
chain transfer agent and initiator to yigld a mxture of the foll ow ng
conposition: 40 weight % of an 85% w w converted, poly(EA-poly(ethylene

gl ycol (400) nononet hacryl ate)=90/10), 36 wei ght percent of MVA nononer and
24 wei ght Ta i ) BLAGH

previ ousl ypﬁgggﬁelgg%c‘gﬁa copo g)fré%kf%%%é’r es?égt?gﬁ opt 1 c(ia ?3?; e%lgta%éz& o .
m sci bl e t vBAstBlgeentipe mirturesig cbpolymerized, &s prpvieudly destribed, wopield/awwp

P( EA- pol y(et hyl ene gl ycol (40(')3; nononet hacryl at e) =90/ 05), of simlar

mol ecul ar mﬁagﬂtcppe'amﬂfsqqmwﬁ md degree of conversion, as defined in

Exanple 3, is c J it [543k Is j :
40: 36: 24 res pec%%a?ﬁ%g%%%&adggﬁ ggﬁgﬂlhgie%(?gntﬁgg I%P}eergaggggr% at he
m xt ure prigiixfureGelpeh\coriprisdst BEApdy Etinllenaglyuobd@)s| y descri bed. It
shoul d be noted that for this exanple the_ anount of chain transfer agent

used in Exampmmtha@ryd@@)re%wlgb MM gngd Mmoﬁwwh@rwmﬁﬁt@&éol yIer .
o : e . . | _ s _
Copotyer 5 A0pbradashBed Py e Hirath GRSy RIS Fridiishe | o

the increasgvd Brapel ®pulydher&iBpdsied. t he second stage copol ymer, P(MVA-EA =
60/ 40) yields a copolyneric conposition that is opaque in appearance.
Exanmpl e 5: A fi rEx_amgLﬂynértwmtpge sepRlywrer Epmpositp of gireilay temposgitipadp

. in th i gh i q.of Q i vel .
Conb] ned v HFE ookeian e Examils Fowdr eriiisd 8 m CESTRO RO R HSokalvatesic
mxture i s @mpdsitibRWE weifht\Bi&ralge REsleOar Weifh 40 liogldoéeqtdﬁa&xeﬁlﬁ 1/ 6@Rlge

400
gmnoZret hacreppaixpendesqibedsin hsample feAscran b seavain TBabled3 thisitgret stage cent

of EA. The entire mxture,is.copolynerized, a reviously described, t
Vield a twsBPhEeT iR yoRly dER s fprearancs, Wholtas the sopdlxmer rmpasiye of
copol ymer ofxAiipte 848 Rl Mlhce R i8RPpRArdd@M @ m xture which conpri ses:

P( EA- pol y(et hyl ene gl ycol (400) nononet hacryl ate)=90/10), MVA and EA

nononers in the weight ratio of 40:36:24 respectively. This m xture is
copolynerized in a CFSTR to yield the two stage copol yner conposite.




Exanple 7: A two stage copol yner conposite of simlar conposition to that
described in Exanple 6 was prepared in a CFSTR to yield a copol yneric
cqonposition of weight average nol ecul ar weight 40 % | ower than the two
stage copol yner described in Exanple 6. Ag can be seen in Table I, this two
stage copolyner is optically clear in appearance, whereas the copol yner
conposite of Exanple 6 is translucent in appearance.

15 TABLE |: Conposition and Thermal Properties of Two Stage Acrylic
Copol yners Based on MVA, EA and Pol y(et hyl ene gl ycol (400)
rmnorret hacryl ate) co-nmononers. EXAMPLE TWO STAGE COWP. Mv .

QAL v 1. TR B CosppOIPE s agrseed Rt pET Vo Seggp ppric ' 5
354 OEAR 2 PUGBORmerSBad bn MRLERGGI A Ewagteh@mwm@@

36 -45.6 P(MVIY EA" = 60/ 40) /

60/ 40 31 mon@aeuhacryjam:co Mno@(eww EA = 60/ 40)/

P(EA/ PEG MVA = 95/ 5) 60/ 40 74 - -34.1 TRANSLUCENT
EXAMPLE TWO STAGE COMP. Mw Tg OPTICAL

POLYMER (%w/iw) (o) °C) QUALITY

1. PMMA/EA = 60/40)/
P(EA/PEG-MMA = 95/5) 80/20 30 -35.4 CLEAR

2. PMMA/EA = 60/40)/
P(EA/PEG-MMA =90/10)  62/38 36 -45.6 CLEAR

3. PAMMA/EA = 60/40)/
P(EA/PEG-MMA = 95/5) 60/40 31 .58.1  CLEAR

4. P(MMA/EA = 60/40)/
P(EA/PEG-MMA = 95/5) 60/40 74 -34.1 TRANSLUCENT

5. POMMA/EA = 60/40)/
P(EA/PEG-MMA = 90/10) 70/30 47 -23.4 TRANSLUCENT

6. PMMA/EA = 60/40)/
P(EA/PEG-MMA = 90/10) 60/40 60 -21.5 TRANSLUCENT

7. PMMA/EA = 60/40)/
P(EA/PEG-MMA = 90/10) 60/40 36 -43.1 CLEAR




5 P(MW EA = 60/40)/ P( EA/ PEG- MVA = 90/ 10) 70/ 30 47

-23.4 TRANSLUCENT 6. P(MW EA = 60/40)/ P(EA/ PEG- MVA = 90/ 10) 60/ 40
60 -21.5 TRANSLUCENT 7. P(MW EA = 60/40)/ P(EA/ PEG MMA =

90/ 10) 60/ 40 36 -43.1 {LLEAR

16 Exanpl es 8-11: In these exanples, the first copolyner is
prepared froma nononmer m xture conprising of EA and pol y(ethyl ene gl ycol
(400) rmononet hoﬁ%g@! %:E 1N2CT ViRt kdse, éxa?nple& fﬁletﬁrsﬁwﬁdlyﬂ\é‘i'ﬁ@?k}ﬂi@dmms
been repl aced y group, in the weight ratio

respecti vehynoﬂ}kmeﬁﬁﬁﬂnﬂ-esdoagmsmgaifﬁmlandaiqu(nthsslecaglycebl(‘&ﬂﬂ) in a CFSTR

f t f the foll P( EA; paql |
(400) - nOnOMSIeuEHAEN SRERITREHEAL V@yeggbmgix"e Uipina Ry ey R R B |
transfer a e;glﬁae%W;SI Cgﬁegh%xg ‘59' eawgfgh‘l?fraﬁmo?gui Adspeiigsty. T

conpositio pro t e copolyners are given in Table
E Sl ftade coﬁdﬂ?nfdriﬁfnmms(ﬂayﬂed ous énl a GF ST Rripbesa Bllétl.uﬂe@fdbﬁm ned

with MVA and EA nononers and co e g@gRto d a two stage
copol yner &ilm@@gt@ekghttrhﬁofg(ﬁi E@éﬁ%%g&%h Odﬁ?t &Y cent of
P(EA- poly(e L ogmat hoyy ergé)é Yis 42
wei ght per&‘é %‘f&@ﬁ&dﬁ% géﬁ% pgr%ce%té 3@&%@&%&%@% and e]:{hs

nol ecul ar RaPREArtbiFSdate hf}hﬁgébﬁhﬁih@ﬂaﬁwmhmél’}se eompositipedinidpitital 0

Exanple 13: In thi's exanple, which illustrates ihat macr onononer s based on
pol y( pr opymw@eﬁmﬂthe@Qprmeraﬁlr@Bl‘Sﬁ(netfhiﬂa@% Liycol) are useful, the
first copol yner r.e f tpy | f
pol y( propyl ene M?ﬂ I 8 e)l%g d"ﬁ%wgng?% 8 cﬁﬁ'ﬁﬁﬁéfgﬁl‘g of
9:1 respectyived ¥nd H€ nﬁéﬁ(ﬁhefsozﬂiﬂ b!éﬁiﬂym%r&@m RECFSTR oWl dean dwEAtage t he

wei ght ratio of: 40:36: 24 resgectlvel . The entire mxture is cfp merized
in a CFSTRcopolyimird:oarpasite fthefoldowing canepestitige: 3Qysightnerceieo rties

of this CO%%H))/(gExylene glycol (400) monomethoxy monomethacrylate)=90/10), 42 weight

percent of MMA and 28 weight percent of EA. The thermal and molecular
properties of this system of copolymers are listed in Table II.

Example 13: In this example, which illustrates that macromonomers
based on poly(propylene glycol) as well as poly(ethylene glycol) are useful, the
first copolymer is prepared from a monomer mixture, which is comprised of
poly(propylene glycol (400) monomethacrylate) and EA in the weight ratio of 9:1
respectively. The first copolymer is combined with MMA and EA in the weight
ratio of: 40:36:24 respectively. The entire mixture is copolymerized in a CFSTR
to yield an optically clear two stage copolymer. The properties of this copolymer
system are listed in Table III.

Example 14: The first copolymer described in Exémple 13 is combined
with MMA and EA monomers in the weight ratio of: 50:30:20 respectively. The
mixture, combined with initiator and chain transfer agent, is fed into a CFSTR
where it is copolymerized to yield an optically clear two stage copolymer
composite. The physical properties of the copolymers are listed in Table III.

Example 15: This example elucidates the process of preparing a
segmented two stage copolymer composite from a combination of an 85.3 weight
percent converted EA, poly(propylene glycol (400) monomethacrylate) monomer

mixture, MMA, EA and methacryloxytrimethylsilane (MATS). The mixture,



systemare listed in Table I11. Exanpl e 14: The first copol yner
described in Exanple 13 is conbined with MVA and EA nononers in the weight
ratio of: 50:30:20 respectively. The m xture, conbined with initiator and
chain transfer agent, is fed into a CFSTR where it is copolynerized to
yield an optically clear two stage copol yner conposite. The physi cal
properties of the copolyners are listed in Table I11. Exanpl e 15:
Thi s exanplwehieh de compeised iof 4prweight pefcept o thd 85.34% wsgeanvested B, st age

copol ynmer co 05|t fro inatio rcent con rted
e oy ( peobperigns ebiedt ABRY iinmabaserarde;l Montie BherEme iR | EA
and met hacrygl @W&WB%QM&'Q?@% HTIEA ThE TRRIWEMATS, is treated with

17 which i's conprised of 40 weight percent of the 85.3 % w w converted

EA, pol y( pmnydten,eclgim¢n¢andﬂagemmmﬂrempn&samytxaeé)as(memomlwmaghtbedatpw@eld
respectively), 35.4 % w w of M 4[‘% w_of E@eand 1.2% w w -ll-J’t&
treated wi ehoagmenteddwo siage Gopolymere They i) r?é???&?sa&re ste

previouslydesgnilppd to yield a segnented two stage copol ynmer. The
t her romechani cal properties are listed in Table II1. TABLE I1:
Conposition and Thermal Properties of Two Stage Acrylic

e ot P AR 2 M poaiion e bhneA L roPesis ol Wb tak ggésryhc
G0 M er ) GorbimefE Bt op NMA BA and PhiRyIene elvcol WBHD

90/ 10) 60/ 40 modmethoxy monékileﬂlﬁrﬂﬁ&) cogmoﬁ()hMPé EA 60/ 40)/
P(EA/ PEG MM MVA = 90/ 10) 60/ 40 -50.9 CLEAR

EXAMPLE TWO STAGE COMP. Mw Tg OPTICAL

POLYMER - (%wiw) k) (°C) QUALITY

8. PMMA/EA = 60/40)/
P(EA/PEG-MM-MMA = 90/10) 60/40 33 -41.6 CLEAR

9. PMMAJ/EA = 60/40)/
P(EA/PEG-MM-MMA = 50/10) 60/40 43 -50.9 CLEAR

10. PMMA/EA = 60/40)/
P(EA/PEG-MM-MMA = 90/10) 60/40 52 -48.8 CLEAR

11. P(MMA/EA = 60/40)/
P(EA/PEG-MM-MMA = 90/10) 60/40 61 -3.0 CLEAR

12. PMMA/EA = 60/40)/ : ,
P(EA/PEG-MM-MMA = 90/10) 70/30 69 -23.6 CLEAR




10. P(MVW EA = 60/40)/ P(EA/ PEG MM MVA = 90/ 10) 60/ 40 52
-48.8 CLEAR 11. P(MW EA = 60/40)/ P(EA/ PEG MV MVA = 90/ 10) 60/ 40

61 -3.0 CLEAR 12. P(MW EA = 60/40)/ P(EA PEG MM MVA= 90/ 10)

70/ 30 69 -23.6 CLEAR 18

18 TABLE I11: Conposition and Thermal Properties of Two Stage Acrylic
Copol ynmers Based on MMA, EA, MATS and Pol y(propyl ene gl ycol

(400) - mnomﬁmmweambawwmd Q‘heﬁﬁanitqlsm&s ofﬂ)@cNStfgeTMﬁyﬁﬁAGE

COWP. OPTI CAL g Iﬁ %'Y/ R}%}A
(k) ([err] O}JOPQOJAQGWB@Sd OP(WAEEA NééT oa)f? P°1Y y

90/ 10) 60/ 40 40 /

= 59/39/02)/ P(EA/ PPG- MVA = 90/10) 60/ 40 -22. 2 ClEAR
Exanpl e 16: Pl TeAREAGHE ust rgbaspt hat Mie copol yngr aOPTXEAQD e 14

can be used

Wamnatetvmla ers of glass together wt t
POLYMER © (%wiw) 5 B QuALITY

13. P(MMA/EA = 60/40)/
P(EA/PPG--MMA = 90/10) 60/40 32 -39.1 CLEAR

14. PMMMA/EA = 60/40)/ .
P(EA/PPG-MMA = 90/10)  50/50 33 -31.9 CLEAR

15. P(MMA/EA/MATS = 59/39/02)/

P(EA/PPG-MMA = 90/10) 60/40 -- -22.2 CLEAR
Example 16: This Example illustrates that the copolymer of

Example 14 can be used to laminate two layers of glass together without
additional adhesive. A prototype of laminated safety glass (LSG) is prepared by
compression molding for five minutes from a combination of plane glass of
dimension: 6"x 6" x 1/16" (15.2 cm. x 15.2 cm. x 1.6 cm.) and, as adhesives, the
two stage acrylic copolymer of Example 14, P(MMA-EA = 60/40)//P(EA-
poly(propylene glycol (400) monomethacrylate)=90/10)=60:40 (Example 16-A),
and Du Pont's safety glass interlayer material, Butacite(™)(Example 16-B). A
temperature of 66 °C. and 800 psi ( 5.5 mPa) is employed. Testing is by falling
dart ASTM D-3029 on 2.5" by 1.5" sections ( 6.35 x 3.8 cm.). The laminates of
Examples 16-A and -B both exhibit comparable behavior as regards shatter
pattern and adhesion of glass shards to the laminate adhesive. Example 16-A
required 86 % less "energy to break" than Example 16-B.

Example 17: This Example gives further comparison of three
composite copolymers in maximum load and total energy to break versus a
commercial laminating adhesive, Butacite, believed to be a 77 % vinyl butyral/

23 % viny] alcohol copolymer. Although approximately equal maximum loading



addi ti onal adhesive. A prototype of |am nated safety glass (LSG is
prepared by conpression nolding for five mnutes froma conbi nati on of

pl ane gl ass of dinmension: 6"x 6" x 1/16" (15.2 cm x 15.2 cm x 1.6 cm)
and, as adhesives, the two stage acrylig copolymer of Exanple 14, P(MVA-EA
= 60/ 40)// P( EA- poI y(propyl ene glycol (400) nononet hacryl ate) 90/ 10) =60: 40
(Exanmpl e 16-A), and Du Pont's safety glass interlayer material,

But aci te([ erdl).( B thehbCBusadt&On: jgsi (
5.5 nPa) |¥ J“J")“r oyeg&‘% o gt°|b§re LRy |lﬁg§%tg$%&§sm D-3029 on 2.5" by
1.5" secti Bélﬁew(e@i 3&dixiod. of adedidiondlerosdiniking @f rmﬂsxmahqhee@omumrawalgm teot h
exhi bit conparabl e behavi or as, gard attern and adhesi on of

gl ass shar tke all-aorglic additiyes W etgksjlt% &8 N%Wequired 86 % ess
“energy to break" than Exanple 16 B Exanpl e 17: Thi s Exanpl e
gives further conparison of three conmposite copolyners in maximimload and
total ener@yanpk Dreak versus a commercial |am nating adhesive ?‘?EUt aci

believed to be a 77 % vinyl butyral/ %(ﬁ?@tvfrnw d‘f‘%‘%“@%ﬁolfﬁ "rnerg?iil']f"ﬁf)ugh
appr oxi ma dipg—-stage)

t.ﬂL;L_eq.uaJ_aax-l_m,lm-l-ga
19 is se&7thel gsr or d40% 5 & %ni fi cant? y | ess than For
Butacite. It is &%tﬁﬁ% ég@ QB20f additional crosslinking of raising of

t he nol eculgari7vwei he al | -acryhbm additives wil182i nprove th9€8 | atter

property. Exarer(EA/NMEPEG(aso)MMA/ : MV (first T[err],
[err]C Maxi mum LBE@200MdiMest H10814&Fy, Joul e 0.82
stage) Ex. E3AT-Q\ j 78,000 40*600 -3, 526 201 %4

0.82 P( e .2 " PEG (200) di MA= 90/ 10/ 0.4 (3:2)
Ex. 17- B BYMA Al g_l,-,@,@ﬁb *i 226 192 0.82

0.68 P( EAENYERRERGIHOMAA/ PEG( 200) di MA= 90/ 10/ 0. 4 (3: 2)
Ex. 17- C PMVV/ EAPEG(200)diMA= 90/10/0.4 3:38, 000 +3 2

0. 82 Control  Butacite 170,000  -50 188 6.9

Example 18: The two stage miscible copolymer system may also be
prepared by emulsion copolymerization of the above mentioned monomers. The
initial stage copolymers comprising from 5 to 95 weight percent of PEG-MM-
MMA and the remainder EA are prepared by an emulsion copolymerization
technique as follows: A monomer mixture is prepared, having EA/ PEG-MM-
MMA ratio of 90:10. The mixture contained 54.9% of EA, 6.1% of PEG-MM-
MMA, 1.5% of N-dodecyl mercaptan, 36.7% of de-ionized (DI) water and 0.8% of a
10% aqueous sodium dodecylbenzene sulfonate solution. To an appropriate glass
vessel equipped with stirrer, heater, a reflux condenser, and nitrogen sparge
tube, is added 97.2% of DI water and 0.03% of sodium carbonate. The mixture is
sparged for one hour with nitrogén while heating to 70 °C. The sparge rate is
then chénged to a sweep and 2.7% of a 10% aqueous sodium dodecylbenzene
sulfonate solution is added to the mixture. Tixe temperature of the reaction
vessel is then raised to 85 °C. At this temperature 18.03 ml of an initiator
mixture which consisted of 0.34% of sodium persulfate and 99.7% of deionized
water is added to the reaction vessel. The monomer mixture is then fed into the
reaction vessel at the rate of 7.56 ml/min. As the copolymerization proceeded,
the initiator mixture is added to the reaction vessel at the rate of 1.3 ml/min.

The accumulation of solids is measured every 30 minutes. At the completion of



P(-EA/ MVEPEG( 350) MV PEG( 200) di MA= 90/ 10/0.4 (3:2) Ex. 17- C

PMVIV EA/ / 78,000 +3 226 0. 82
P(.EA/ MVEPEG( 350) MVIY PEG( 200) di MA= 90/ 10/ 0.4 (3:2) Control
Butacite 170,000 -50 o 188 6.9

Exanpl e 18: The two stage mniscible copolynmer system nmay al so be . prepared
by enul si on copol yneri zati on of the above nentioned nononers. The initial

stage copol pHEeistia fsidnd mitthonidradlition dthe\eiigtiire A& heRNAt 85 *EHEr bk Whh and
the remai nder EA are prepared by an enul si on copol){rrerl zation technique as

fol | ows: hA The eraturs & thea qosl @p@s@a‘e B PR o men pmalta%n/fp ]gfh
10. T % 0 % o
oo R G RIATL AR P8 R0 B

N- dodecy!l Mater and 0.8% of a 10%

aqueous sodi um dTﬂ@M&%@&@“&M&@f@é@nﬁﬂbﬁiQ 26m J € 88 wPhOpErRhe ofl ass
vessel equipped with stirrer, heater, a reflux condenser, and nitrogen

sparge t ubMMAsandithel romapudestEomepomer, alus 6.to 55 Brofsbe |eanh@aqum%i BrstThe

m xture is ar ged, for _ ro, il e _heati to.70.lerr] C
MU 1 g BN BRAK IOMBA OB 0 B R e b8

~sodi um dOdeEiﬁ'dPﬁBﬁ%ﬁolyﬂﬂﬁﬁlﬁxﬁtéﬁhi&d&@s folloddtd el nishdrhér Miixtureqs The
tenperature of the reacCtion vessel is then raised to 85 [err]C. At this

t enper at ur eplighbadedhavingadMMAi EAatadio ofi0:4Qr Fhemittureesitainad 37.260 6% of

vessel. p%iﬂi%%%oiﬂ D% dtiudoneememapters. Foblotddl vatuands et

et AL R

accunul at i omirfuredsk icdpolymeremdwcedrdivgty tBO followingprodéduree Twapl et i on of
appropriate glass vessel equipped with stirrer, heater, a reflux condenser, and
nitrogen sparge tube, is added: 67.9% of the initial stage emulsion and 32.1% of
DI water. The mixture is sparged for one hour with nitrogen while heating to 70
°C. The sparge rate is then changed to a sweep. The temperattire of the reaction
vessel is then raised to 85 °C. At this temperature 17.63 ml of the initiator
mixture which consisted of 0.22% of sodium persulfate and 99.78% of deionized
water is added to the reaction vessel. The monomer mixture is then fed into the
reaction vessel at the rate of 4.30 ml/min'. As the copolymerization proceeded,
the initiator mixture is added to the reaction vessel at the rate of 1.17 mVmin.
The accumulation of solids is measured every 30 minutes. At the completion of

the initiator and monomer addition, the mixture is held at 85 °C. for one hour.

The mixture is then cooled, filtered and copolymer isolated by freeze-dryirig.



20 the initiator and nononmer addition, the mxture is held at 85 [err]C
for one hour. The mxture is then cooled and stored in a pol yethyl ene jar
i-n preparation for the second and final stage of the copol ynerization.
The final stage copolynmers conprising from5 to 95 wei ght percent of MVA
and the remai nder EA nononer, plus 5 tF195 % of the earlier-fornmed first
st age copol yner, P(EA/ PEG MM MVA = 90/10), are prepared by an in situ
enul si on copol yneri zati on technique as foll ows: A nononer mxture is
prepared, having MVA: EA ratio of 60:40. The m xture contai ned 37. 2% of
MVA, 24.8% of EA, 0.3% of N-dodecyl nercaptan, 36.5%of DI water and 1.2%
of a 10% delebus sodi um dodecyl benzene sul fonate sol uti on. The nononer

m xture is copolymnerized according to the follow ng procedure. To an

appropriate glass vessel equi.pped wth i rrer eater, a reflux condenser,
and nitrogen sp‘gr‘:@?ﬂ"ﬁﬁé@ %ﬁl‘gﬁﬁeﬁ?o%??ég%eowe?ﬂéﬂi nitial stage enulsion and .
32. 1% of DI watgh. TRem X6 B5Svdighe paFc@at of RMir8PEogtiyieyof:n ni trogen while -
heating to 70 [(ga?r]c. I'Il'lhe spargel§raPe is then changed to a sweep. The

temperature of the r@act ifromv®ssétht percemhta 35 sweightopaseitef papolrmerived
tenperature 17.63 m of the in#tigtor m'xiur? whi’lch onsi sted of 0.22% of
sodi um persul fate and 99.9845 8f ateeshproe alH Mt ACtHALY (o the reaction
vessel . The nonomer g xt [ Ry [ i ; t
rate of 4.30 m/mn. ' t gmcgptgl ym%{%gxgt;{égﬁergpgggggig&&{h ﬁgq%ﬁl?% ??%E)Irelag
m xture is added to the rascpolgtalkglenecdbxdt(ntdib)acaymtedf the formylai n. The
accunul ation of solids is neasured every 30 nminutes. At the conpletion of
the initiator and nononmer addition, the mxture is held at 85 [err]C. for

?Pgegg%-rymg. m xture is t%%ﬁl%)-éj(bﬁﬁi—@?{ﬁf—@)ﬁﬁ‘?l ynmer i Z(il at edI by
claim |
wherein R and R separately are H or CH3 wherein R2 is H, C1 - C20 alkyl, Cé
- C2g aryl, or C7 - C10 alkaryl; and wherein n is 1 to 1000, the glass '
temperature of the first copolymer Being below 20 °C,;
(b) from 5 to 95 weight percent of a second copolymer of:
1) at least 50 weight percent to 95 weight percent of
polymerized units of at least one C1 -C20 alkyl, cycloalkyl,
Cg - C20 aryl, or C7 - C10 alkaryl (meth)acrylate;
(1) from 5 to 50 weight percent of polymerized units of at least

one C1 - Cg0 alkyl acrylate;

the glass temperature of the second copolymer being above 20 °C.
2. The composition of claim 1 wherein n is 3 to 50.

3. The composition of claim 2 wherein the alkyl (meth)acrylate of the first
copolymer is ethyl acrylate, and wherein R is methyl, R} is H, and n is 10.

4. The composition of claim 2 wherein the alkyl (meth)acrylate of the second

copolymer is methyl methacrylate and the alkyl acrylate of the second copolymer

is ethyl acrylate.

* [ L M S *



1- A conposition which is a conpatible bl end of (a) fromb5 to 95

wei-ght percent of a first copol yner of: (i) from5 wei ght
percent to 95 wei ght percent of copol ynerized uni ts of
at | east one al kyl (meth)acryl ate; 22 (i) fromb5 to 95 wei ght
percent of copolynerized units of at |east one

pol y(al kyl eneoxy) (neth)acrylate of the fornula
CHerr]=CRC(O-O(CHerr]-CHRerr]-On-Rerr], wherein R and R[err]
separately are Hor CHerr], wherein Rerr] is H Cerr] - (Jerr] alkyl,
Cerr] - (&rr] Bhekompositioarof|clainCllewhdreh ke Wejghtraverhge anoleculas weight

1000, the glas rature of the, fir ol r. being below 20 [err]C;
(b) from Sb\?‘dﬁgggagﬁé?ﬂcoﬁe}yc%?ﬁls’offo iigéﬁgo &éﬁ:ﬁ%ner of :

(1) at | east 50 wei ght percent to 95 wei ght percent of

polymeri zed units of at |least one (Jerr] -(err] alkyl, cycloal kyl,

C[err] - derr] Bh¥lompositlonr éflclaintllexhéredh kRé weiéﬂﬂ?é@ragéﬁcﬂb@jlar weight
(i) fromb5 to 50 weight percent of polynerized units of at |east

one CJerr] M) ef the a¢dopd copolyimernis frorm 3,000 ta BAPOPAt ure of the second
copol ynmer bei ng above 20 [err]C 2. The conposition of claim1l wherein
nis 3 to 50. The conposition of claim2 wherein the al kyl

3.
(meth)acrylate I LSt C VTR 4 . el=1 A=) S
o hyl - R orr | Sk CCmpgbRlonC A whingh BBy teAtana IR AL B 8,
the al kyl (¢opblymer xhattie @bcdritbcappbaner apnMiydible, thhe WRightl averhpaiolbailar and
the al kyl acrylate of the second copolymer is ethyl acrylate.

weight Mw) of the first copolymer being 30,000 or less, and the weight-average

molecular weight (Mw) of the composition being from 30,000 to 45,000 when R2
is H, and from 30,000 to 200,000 when Ry is |
C1 - C20 alkyl, Cg - Cg0 aryl, or C7 - C1q alkaryl.

8. The composition of claim 7 wherein the alkyl (meth)acrylate of the first
copolymer is ethyl acrylate, wherein R is methyl, R is Hor CHg, R2 is Hor

CHg, wherein n is 10, and wherein the alkyl (meth)acrylate of the second

copolymer is methyl methacrylate and the alkyl acrylate of the second copolymer

is ethyl acrylate.
9. A composition which is an optically clear, miscible blend of

(a)  from 30 to 80 weight percent of a first copolymer of:

(1) from 60 to 95 weight percent of polymerized units of at least

one alkyl (meth)acrylate;

(i1)  from 5 to 40 weight percent of polymerized units of at least

one poly(alkyleneoxy) (meth)acrylate of the formula

CH2=CR-C(0)-O-(CH2-CHR1-O)n-R2 ,

* c L L S *



5. The conposition of claim1 wherein the wei ght-average nol ecul ar wei ght
(Merr]) of the first copolyner is from 20,000 to 150, 000. 6. The
conposition of claiml wherein the weight-average nol ecul ar weight (Merr])
of the second copolyner is from 30,000 to 500, 000. 7. The conposition
of claim1 which is optically clear and>hherein the first copol ymer and the
second copol yner are m scible, the weight-average nol ecular weight (Merr])

of the first copolyner_being 30,000 I , and thg weight- ra
mol ecul ar W&?@hﬁl 8?‘%{’6’( R]l)seggrqqqu émr%.é%%rﬁ@ dft86r Oége&%tg 5, 000
when R2 is,H and.from30,000,to0 200, 00 R2 is er -l err] al kyl,
Cerr] - IC[”&'IeFfmaP)}? 5‘ t8r§0(;:f8? gjass t&f”éjretrfg‘éﬁgm?/ (as Ineggxred’rk%d 6’§ia¥li onyof
| aim 7 wh ' . j I j I
ceryl at e, SHAPAPR ALK IR e Ak dlh gl bEfe BaIol SERE, MRS HERY,
wherein n ageddpe mBtbculer weipht R &the(filt kppslymiartieeing 30G0Ger s,
copolyner is nethyl nethacrylate and the al kyl acrylate of the second
copolyner is etiyl adroph@0co 70 Parts by/weighposithé finstvamd se¢ondagopoptmers | y

clear, mscible b]epd of a), .fr 30 to 80 weight percent of a
first copoF?‘H‘vbin%i‘.’ a second cWOlYméH““I’?‘S@% to 95 wei ght percent of

POLITEN R LSO S OB e A B o e
pol y(al kyl anétexf)métisl metaytydaee;of the formul a

CHerr] =R 9 -0 ( CI(_1[1 . x:og_lg[tgrtlr& v_veox)g %rpre]rée%[teorfrp]o’lymerized units of at least
one Cj - Co0 alkyl acrylate;
the glass temperature of the second copolymer being above 20 °C. and the
weight-average molécular weight (Mw) of the copolymer blend being from

30,000 to 45,000 when R2 is H, and from 30,000 to 200,000 when R9 is CH3.

10. A film, sheet, rod, or optical fiber prepared from the composition of claim

1, claim 7 or claim 9.

11.  The film of claim 10 laminated between two sheets of glass or optically
clear plastic.

12.  The steps or features disclosed herein or any combination thereof.

AW




23 wherein R and Rlerr] separately are Hor CHerr], wherein Rerr] is H
or -CHerr] and wherein nis 3 to.50; the glass tenperature (T[err]) (as
measured by differential scanning calorinetry) of the first copol yner being
bel ow 20 [err]C. and the wei ght- average nol ecul ar weight (Merr]) of the
first copolynmer being 30,000 or |ess; (b) from20 to 70 parts by
wei ght of the first and second copol yners conbi ned of a second copol yner
derived from PR / ' IUI?S to 95 weight
percent of polynerized unépsé%pr% mﬁ%mg@g at ei;lﬂ]?. (1)
from5 to 40"@OMPATEBLEAND MISCIBLEZ6OROLYMER €OMPQASITIONS &rr] -
Cerr] alkyl acrylate; the glass tenperature of the second copol yner being
above 20 [err]Qovalnipitibeiiibids saitabk: fRhweihdmasdnthshddy| afd prepaired he
copol ymer bl end being from 30,000 to 45,000 when Rerr] is H and from -
30, 000 t ofragOthErtopiasticbdends ofsa Srftesof] (meth)acrylin eptargopelyseer rod, or

tical fiber, ed fromth if] f claiml i imo.
o CThe conthitBRE it dorvod o baN R lasefD, (et taghs Bt oBorfd &' ™
opticall yh&é&%f(nf&tﬁ%égfﬁc edter cofdl§mivre Within haRird6Wed dompboisRmal eagdopr

any conbi nation there o _ _
these compositions are found optically clear, miscible blends, suitable for use in

films, sheet, rods, or optical fibers, and as a laminating copolymer for glass.




