BACKGROUND OF THE | NVENTI ON THERMOPLASTI C ALLYLOXYMETHYLSTYRENE- BASED RESI N
~ FIELD OF THE INVENTION 5 This invention relates to

al I yl oxynet hyl styrene-based resin. In particular, this invention relates

to a phenyl al |l yl oxynet hyl styrene resin and an allyl oxynet hyl styrene resin,
“whi ch are conposed of repeating structural units derived froma 10

phenyl al | yl oxynet hyl styrene nononer and an all yl oxynet hyl styrene nononer,

respectively, and which have excellent heat resistance, humdity

resi stance and nol dabi | i BRCKGROUND sOFeTHE] MBIENT DONct i on t hereof. 15

DESCRI PTI ON ﬁg% ﬁﬁﬁ{ Eﬁgﬁ | esins are used as nol di ng
materi al s i%E%#RM d '55% rHeY éﬁﬁiﬁgiﬁéﬁQF?ﬁ%¥aﬂ &Erohi ¢ conponent
materi al s and nedical care 'ab. ﬁﬂﬁ[ﬁ ess 20 of
t echnol ogi es, a demand for g?%@EPt %MA §P93§ ormance and hi gher
characteristics such as reliability is growi ng. Accordingly, the presence
of thernoplastic resins with higher resistance to heat and humdity is
desireds 25 So far ,Thipd etnabatismaeDhyaet Racryl ate resins (PMVA) and
pol ycarbonate resins (PC) (for exanple, Japanese Patent Application
Lai d- open R&1vAomynsBB33stvnanecbasedkmewins Jol ywarticudaer,i ditsid or
optical use or for reco ding
invention relates to a phenylallyloxymethylstyrene resin
and an allyloxymethylstyrene resin, which are composed of
repeating structural units derived from a
10 phenylallyloxymethylstyrene monomer and an
allyloxymethylstyrene monomer, respectivély, and which
have excellent heat resistance, humidity resistance and

moldability, and to a method for production thereof.
15 DESCRIPTION OF THE RELATED ART

Thermoplastic resins are used as molding materials
inawiderange, includingelectricandelectronic component
materials and medical care materials. With the progress

20 of technologies, a demand for products with higher
performance and higher characteristics such as reliability
is growing. Accordingly, the presence of thermoplastic
resins with higher resistance to heat and humidity is
desired.

25 So far, materials using polymethacrylate resins
(PMMA) and polycarbonate resins (PC) (for example, Japanese

Patent Application Laid-open No. 2000-153535) have been



medi a. Al though pol ynet hacryl ate resins and polycarbonate resins are
excellent- in transparency, those are problematical in heat resistance and
hum dity 5 resistance. In recent years, Japanese Patent Application

Lai d-open Nos . 7-153060 (1995), 7-210855 (1995) and 9-85743 (1997)

di scl ose norbornene-based polyolefin resins as polyneric materials

I nproved in these drawbacks, and show 10 that these resins have relatively
good properties, such as heat resistance and hum dity resistance, in
conpar i son kngwmapyval ainer PCmaieeiels fdieopkisilngs polryfer recmt®ingl s are
still insuffjcient_in satisfying stricter perfornmance 15 requirenents

i nposed i nﬂ%t FROUGR: P iRe Fharey Laje iresingeandd hi gher
reliability, THE LLNVENTI ON 20.Il.t is.an, object of the present

i nvention %’é)l oV éngaiehf: RpS: PEPNBREE IgON A Erﬁhlsé)ﬁrﬁn%vi $®gher
Stabil i1y g8 NEma@iRia 1V OREAR! Tlddi MValiSE Gha? ndilyiipyl c material
retaining an appropriate nolecular structure and appropriate physi cal
propertsesrexidtanseanot her object of the present invention to provide a
nol ded article having high performance and high reliability by processing
the above pol yneri dinefecenlt Faankr dppavpsicatiatrahti Appddaditians.

Laid-openNos. 7-153060 (1995), 7-210855 (1995) and 9-85743
(1997) disclose norbornene-based polyolefin resins as
polymeric materials improved in these drawbacks, and show
10 that these resins have relatively good properties, such
as heat resistance and humidity resistance, in comparison
with PMMA and PC.
However, theexistingpolymericmaterialsarestill
insufficient in satisfying stricter performance
15 requirements imposed in recent years, including higher

performance and higher reliability.
SUMMARY OF THE INVENTION

20 It is an object of the present invention to provide
a high-performance polymeric material having higher
stability to heat and lower hygroscopicity by use of a
polymeric material retaining an appropriate molecular
structure and appropriate physical properties.

25 It is another object of the present invention to
provide a molded article having high performance and high

reliability by processing the above polymeric material



The appropriate structure herein refers to a rigid three-dinensional
- stereochem cal structure such as a cyclic structure. The appropriate
physi cal properties refer to 5 a high glass transition point (high Tg)
closely related to mechanical strength characteristics, high therma
“stability (high thermal deconposition tenperature) permtting high flow
nmol di ng, and | ow hygroscopicity (mnimal swelling, deformation or
deterioration due to jLo noisture absorption). The appropriate nol ding
condi ti ons undder apprbipgh dte@wmobidngg coondtitionsg .whi ch suppress the
occurrence of residual stress of the resulting nolded article and ensure
its high surface acEf ®BPTARFbatpetrhciune hepe iussedfers ttieampyadt i ¢
novel

ol Yot o HAET Yt LHGORTS A | & bF TS HATbuea ke GHaar S S8R GrobEFt i es.
b PR, e RpBl N LS P b TR G ERLE v
§P| Tlhat 5i s.a afgh Sgla_éﬁetﬁra@xfsﬂﬁlﬁmﬁ"ﬁéﬁﬂfﬂt (e i@@z- i:io%etlﬁﬁrf@?éé‘ﬁ&i c
yl oxynet hyl styrene-based resin conprising structural uni'ts of the
fol | owi ng ftar mgeRaniyralasdt fdrngth3chatbctasciepsesi,nigh t sShewhanei n R
representsg%é%%{f §n(%ggﬂ thermal decomposition temperature)
permitting high flow molding, and low hygroscopicity
(minimal swelling, deformation or deterioration due to
10 moisture absorption). The appropriate molding conditions
refer to high flow molding conditions which suppress the
occurrence of residual stress of the resulting molded
article and ensure its high surface accuracy.
More specifically, the use of a thermoplastic
15 allyloxymethylstyrene-based resin, which is a completely
novel polymeric material having all of the above-mentioned
physical properties, makes it possible to achieve a high
resin melt temperature, permit the material to be molded
at a high mold temperature and solve the problems.
20 That is, a first aspect of the present invention
is a thermoplastic allyloxymethylstyrene-based resin
comprising structural units of the following formulas {(I)

and (II):



or a hydrocarbon group, and mand n each denotes an integer of 0 or 1 or
~ higher, provided that mand n are not O at 5 the sane tine. In the
t hernopl astic allyl oxymethyl styrene -based resin, Rin the fornulas (I)
and (I11) is preferably phenyl or hydrogen. A second aspect of the present
“invention is a 10 thernoplastic resin obtained by polynerizing a nononer
having a structure of the followwng fornmula (Il11): RHCC\ HCOC/
C-CH2 H2 (111) erein R represents a hydrogen or a hydrocarbon group. In
t he t her nopl asty esin, Rin they la (111) 15 is preferably phenyl or
hydr ogen. Moreq if Rin the la (111) is phenyl, the degree of
cyclization in t teher nopl asti c ngi s preferably 90% or higher, or if
R4 inthe f [ i t e degree of cyclization in the
t her nopl asti 9 i'¢hler. Furthernore, the gl ass
transition tienperature (Tg) of\the hefropl gstic resin is preferably 180C
or higher, but |owét 5 thdm270C if RPis phenyl in the formula (111). The

Tg is preferably 100C or higher, but |ower than 125C if Ris hydr ogen in

theforrrula(lll).(l) ()

as repeating units, wherein R represents a hydrogen atom

. or a hydrocarbon group, and m and n each denotes an integer
of 0 or 1 or higher, provided that m and n are not 0 at
5 the same time.

In the thermoplastic allyloxymethylstyrene-based
resin, R in the formulas (I) and (II) is preferably phenyl
or hydrogen.

A second aspect of the present invention is a

10 thermoplastic resin obtained by polymerizing a monomer

having a structure of the following formula (III):

R

/
H,C=C =
o N ‘/C CH,
H,C—0—C
Ha

(110

wherein R represents a hydrogen or a hydrocarbon group.

In the thermoplastic resin, R in the formula (II1)

15 is preferably phenyl or hydrogen. Moreover, if R in the
formula (III) is phenyl, the degree of cyclization in the

thermoplastic resin is preferably 90% or higher, or if R



In addition, it is preferred in the thernoplastic resin that the thernal
deconposition point is 350C or higher, 10 and the noisture content is |ess
than 0.01% The above and ot her objects, effects, features and advantages
of the present invention will becone nore apparent fromthe foll ow ng
description of enbodinents thereof. 15. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS The "al | yl oxynet hyl styrene-based resin”, as used herein,
refers to a thernmoplastic resin conprising 20 structure of the

af or ement i dedhicof eual & K L IdnNdigIhydrageh) tise rdpgndée nef eyidls, zaheosi n R
represents a h drogen atom 5 or a hydrocarbon group, and mand n each
denote an ittt tBprBoRlastekchrefén, 15 o ahky f&nem lekghemt 0 at

h ' he hyd han, R , . b 5
i ted t Zi@?@ﬁéﬁ%ﬁs9@&2%%:&%?%%%%&%@:\1&%}5@%&'llk‘ﬁb of otipe such
| Sy o .
Shenyl | ana Termi¥p8tlotes il CBENAE ANy TKT-E N urtn, nEt et and
furyl. breftaral y70% i5f Wy drogeRy1 P8 Whe #8rha PREVE) IPW@STENL L e

formulas (1) and (11) may
preferably 100°C or higher, but lower than 125°C if R is

7 hydrogen in the formula (III).

In addition, it is preferred in the thermoplastic

resinthatthethermaldecompositionpointis350%30rhigher,
10 and the moisture content is less than 0.01%.

The above and other objects, effects, features and
advantages of the present invention will become more
apparent from the following description of embodiments
thereof.

15.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The "allyloxymethylstyrene-based resin”, as used
herein, refers to a thermoplastic resin comprising

20 structure of the aforementioned formulas (I) and (IT):

R R
‘(CHz CH, CH2>7
O m O n

@ (I1)

as repeating units, wherein R represents a hydrogen atom



be optionally substituted, as long as the effects of the present invention
~are exhibited. Exanples of the substituents in this case are | ower al kyl
groups such as nethyl and ethyl. 15 Next, an outline of the nmethod for
synt hesi zing the thernoplastic allyl oxynethyl styrene-based resin will be
~offered. The thernoplastic allyloxynethylstyrene-based resin of the
present invention is obtained by polynerizing 20 a nononer having a
structure of the following formula (I1l1) : RHCCC- =CH2 \ HRCG-0O0C 2
(111) wher ¢ith aRhydrossssriven aghydpogendanomdm a dote degar beragrimipe gér
Exanpl es of the hydrocarbaon group as R are, but not limted to, alkyl
groups suclPfad et nd| CEnBISHRT , PEQ¥LESNDaF Japandush ake drlt o‘brégyl ,
cycl obut yl 15 cé&ﬁéntté_l and cycl ohexyl, aryl groups such as phenyl and s
napht hyl , and ar omat i Mt erocyclic groups such as pyridyl and furyl.

E;;f g;am y, Ris hykagagear dt&hd - nhya2oRReHEn YL Bst e £, Mibhar (111)
5 not limited to, alkyl groups such as methyl and ethyl,
cycloalkyl groups such as cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl, aryl group‘s such as phenyl and
naphthyl, and aromatic heterocyclic groups such as pyridyl

and furyl. Preferably, R is hydrogen or phenyl.

10 The phenyl groups in the formulas (I) and (II) may

' be optionally substituted, as long as the effects of the
present invention are exhibited. Examples of the
substituents in this case are lower alkyl groups such as
methyl and ethyl.

15 Next, an outline of the method for synthesizing
the thermoplastic allyloxymethylstyrene-based resin will
be offered.

The thermoplastic allyloxymethylstyrene-based
resin of the present invention is obtained by polymerizing

20 amonomer having a structure of the following formula (III):

R

H c—c/
TN S
H,C—0—C

GC==CH,

2

(110)

whereinR represents a hydrogen atom or a hydrocarbon group.



optionally substituted, as long as the effects of the present invention
are exhibited. Exanples of the substituent in 10 this case are |ower alkyl
groups such as nmethyl and ethyl. The nethod of synthesizing the

phenyl al | yl oxynet hyl styrene resin and the allyloxynethylstyrene resin will
be briefly described as specific exanples, but it will be possible f or
people skilled 15 in the art to synthesize the resins having other
substituents based on the disclosure of the present invention. As the

met hod for synthesiEziangplés ofhdind diydtozamrbbnylgtye@nasr Bsiare ,arbut

expl anation wl] be offered for.a nmethod which conprises synthesizing 20
phenyl al | yP&& ety ey tene aldrbhedraspspdugieragi mgthyd amhoebhyl.
Phenyl al | yl_oxyrmet hyl styrene nmononer _can_ b obt ai ned by .m xin

t et r anor maf . )ﬂ%i#%iiéﬁ?ﬂﬂﬁﬁ%ﬂf a8S §Y PPH sfgyé&ﬁQHgﬁ%; for

exanpl e, m&ﬁﬁb ' a; r h y rt by
wei ght of &- t%r%oﬁrr%ﬁrr% %;#%%%r%%&g%}é9§ea%?¥ggg%ﬁg§% %{JE%&?% %89%(])?}?@ or

more atsa oepgitdngl | ek sl id kA rddye 1 EEogblipsTshi8BW 4 ipye-ftpduct
phenyl al | yl oxynet hyl styrene nononer is isolated and purified. Then, a

pr edet er m aadl dimxmnl . of PréiBerphdiyyl & | i okydeoiydrstgr epbemydaner obt ai ned

by the above 5 nethod, and a polynerization initiator such as
The phenyl group in the formula (III) may be

optionallysubstituted,asiongastheeffectsofthepresent
invention are exhibited. Examples of the substituent in
10 this case are lower alkyl groups such as methyl and ethyl.

The method of synthesizing the
phenylallyloxymethylstyrene resin and the
allyloxymethylstyrene resin will be briefly described as
specificexamples, but itwillbepossible forpeopleskilled

15 inthearttosynthesize theresinshavingother substituents
based on the disclosure of the present invention.

As the method for synthesizing the
phenylallyloxymethylstyrene resin, an explanation will be
offered for a method which comprises synthesizing

20 phenylallyloxymethylstyrene monomer and polymerizing the
monomer.

Phenylallyloxymethylstyrene monomer can be
obtained by mixing tetranormalbutylammonium bromide, as
@ phase transfer catalyst, for example, with 2 parts by

25 welght of o-hydroxymethylstyrene and 1 part by weight of
a-bromomethylstyrene, and reacting the mixture for 50 hours

or more at a constant temperature in basicity. From the



2,2' -azobi si sobutyronitrile or cunmene hydroperoxide are mxed into a

- polynerization tube. The tube is sealed in an atnosphere of nitrogen, or
after a freeze-punp-thaw cycle is repeated several tines for a
predetermned tine, the 10 tube is sealed in a vacuum Then, the reaction
m xture is allowed to stand for several hours at a predeterm ned
tenperature to carry out polynerization. Then, the reaction mxture is
rapidly cooled to give a thernoplastic phenylallyloxynmethylstyrene resin.
15 Next, a Teshdlingprbdeohprplsesy tabilydoainregthal by iyeeyenbibsaiets £se
nononer and olyner|2|n the nononer, w | be described as the nethod for
synthe5|2|r’i'g‘§p %@te§I?FI %?H%%ﬁ%@@tyrene resin. AIIonxynEthyIstyrene

be obt db t b ht of

Lot ranor mal buty! anmBetm Br BHGE CSa A b8BTt £ EReb ol yo!  wi (h 1
b 1yl
Drom db, e TARLE g SRR L B ERR o Biler s Bt Y PR i

t enper abur end th@8, basidcid Ypo Fymart e thiew i g Rt 8¢Ushch as
al I yl oxynet hyl styrene nmononer is isolated and purified. Then, a

predetermrﬁxﬂaﬂ@aﬁblﬁhsﬂhuﬁyamnytmxﬁmebhybuqu@ﬁmydnopmmoxﬂﬂeumfd by
t he above net ho and a polynerization initiator such as

2, 2'-azobuﬂ¥§ﬁ£t§?59|?rPPéY@PFﬁEﬂ#%P%yH?BBero?h@etﬁh@ is sealed in

an atmosphere of nitrogen, or afterafreeze-pump-thawcycle
is repeated several times for a predetermined time, the

10 tube is sealed in a vacuum. Then, the reaction mixture
is allowed to stand for several hours at a predetermined
temperature to carry out polymerization. Then, the
reaction mixture is rapidly cooled to give a thermoplastic
phenylallyloxymethylstyrene resin.

15 Next, a method, which comprises synthesizing
allyloxymethylstyrene monomer and polymerizing the monomer,
will be described as the method for synthesizing the
allyloxymethylstyrene resin.

Allyloxymethylstyrene monomer can be obtéined by

20 mixing, for example, 0.5 part by weight of
tetranormalbutylammonium bromide, as a phase transfer
catalyst, with 1 part by weight of a—hydroxymethylstyren_e
and 10 parts by weight of allyl bromide, and reacting the
mixture for 50 hours or more at a constant temperature in

25 basicity. From the resulting product,
allyloxymethylstyrene monomer is isolated and purified.

Then, a predetermined amount of the



m xed into a polynerization tube. The tube is sealed in 5 an atnosphere of
nitrogen, or after a freeze-punp-thaw cycle is repeated several tinmes for
a predetermned tinme, the tube is sealed in a vacuum Then, the reaction
m xture is allowed to stand for several hours at a predeterm ned
-tenperature to carry out polynerization. Then, the 1-0 reaction mxture is
rapidly cooled to give a thernoplastic allyloxynethylstyrene resin.
Exanpl es of the phase transfer catalyst, other than the above-nentioned
tetranorwa@&k%ﬂ%ﬁﬁ%ﬁthﬁﬁ@ﬁﬁﬁemem@namemmbta@nddthhaamovemethod

t et ranor mal_bug yl anmpni um_chl ori de, 15 tetranormal butyl anmoni um

hydr ogensu & RP XﬁeéﬂﬁéthonKﬁﬂlt&ﬁ§Qﬁwﬁﬁp%tﬁ§r + KBr. Exanples of the

| v d , oth
Do Budhe Lo ELTeatiforRl sReel Y G5ty ER-REROIG, 2
2,2' - azobi gridd@tivtHul Y @ﬂj{ﬁléhzjleaatfo@ t@EQb' Sr.mg gmé' vl eranidd i,

2,2'-azobis-2, 3-di methyl'butyronitrile, -azo nethylhexanenltrlle

2,2' - az®bi anza’dmdsphblnd vhbdrtaredéenl er aﬁterafreeze pump-thawcycle
2,2' -azobis-2,3,3-trinethyl butyronitrile,
2,2'-azob|§52§ﬁ9¢@¢ﬁ@p$§ﬁ@m&k|ﬁ¥mes f0r a predetermined time, the

2, 2' -azobi cycl opr ropionitril e,
2,2'-azob| @% Y, % épBFSEﬂNWQQ?P@ Then, the reaction mixture

is allowed to stand for several hours at a predetermined
temperature to carry out polymerization. Then, the

10 reaction mixture is rapidly cooled to give a thermoplastic
allyloxymethylstyrene resin.

Examples of the phase transfer catalyst, other than
theabove—mentiohedtetranormalbutylammoniumbromide,are,
but not limited to, tetranormalbutylammonium chloride,

15 tetranormalbutylammonium hydrogensulfate, crown ether +
KCl, and crown ether + KBr.

Examples of the polymerization initiator are, but
not limited to, azo compounds, other than the
above-mentioned 2,2 -azobisisobutyronitrile, such as

20 2,2'-azobis-2-methylbutyronitrile,
2,2'-azobis-2-methylvaleronitrile,
2,2'-azobis-2,3-dimethylbutyronitrile,
2,2"-azobis-2-methylhexanenitrile,

2,2 -azobis-2,4-dimethylvaleronitrile,

25 2,2'-azobis-2,3,3-trimethylbutyronitrile,

2,2'-azobis-2-methylheptanenitrile,

2,2'-azobis-2-cyclopropylpropionitrile,



2,2' -azobi s-2-benzyl propionitrile,
- 2,2"-azobi s-2-(4-nitrobenzyl)propionitrile,
2,2' -azobi s-2-cycl obutyl propionitrile, 5
2,2' -azobi s-2-cycl ohexyl proplonitrile,
~2,2' -azobi s-2-(4-chl orobenzyl )propionitrile,
2,2'-azobis-2-ethyl-3-nethylvaleronitrile,
2,2' -azobi s-2-isopropyl -3-nmet hyl val eronitrile,
2,2'-azob|§q241ﬂﬁm@ys 2-eychydpen ey dpropiilomitifile,
1,1'-azob|§ 2 cyclohexanenltrlle 1,1 -azobi s-i-cycl obutanenitrile,

2,2' - azobi ke h xFﬁHﬁﬁ%ﬂF?P%PBlﬁﬁiie
2,2' -azobi s- 2 .caa[é)&g: éxgr(r)(%a tééﬁ%ﬁlﬂ Re?{s‘?%g %ELﬁyFt her than the af

or ement i onéd “currene ket one per oxi de,

cycl ohexanone e A 18- 2 - bt iy s ybpisnidzpesoxi de, acetyl peroxi de,

capryl perOX|de | aur oyl per oxi d€, peroxl de, benzoyl peroxide,

p, p' - dizhl ar,@-'benzelyi s pereyicdehd2y fp2opd onligir 8Ll or o) - benzoyl peroxi de,
di -t-butyl 20 peroxide, di-t-anyl peroxide, t-butyl-cunyl peroxide,

di cunyl pe?a%uﬁ?ZQb5Sd2néﬁmﬂhIDEDUEOZ¥BU@¢OHQOmtﬂelehexane t - butyl

hydroperox e nt hane r oper oxj de, 5-di net hyl - 2, 5- di hydr oper oxi de-
hexane, B I~ ﬂ%gk&%faf@tgﬁ' d?VPeEEVﬂﬁﬂ&ﬁRRQ&E¢1 §.t-butyl perpival ate,

g g“é?hefﬁ%? nz é%z%;%;egg?%o ngg%g hﬂﬁiyﬁefﬁ?ﬁﬁFé%? i - propyl
percarbonanez —azobls 2-isobutyl-4-methylvaleronitrile,

10 1,1 -azobis-1-cyclohexanenitrile,
1,1'-azobis-1l-cyclobutanenitrile,
2,2"'-azobis-2-carbomethoxypropionitrile, and
2,2’ -azobis-2-carboethoxypropionitrile; and peroxides,
other than the aforementioﬁed cumene hydroperoxide, such

15 as methyl ethyl ketone peroxide, cyclohexanone peroxide,
bis-(1l-oxycyclohexyl) peroxide, acetyl peroxide, capryl
peroxide, lauroyl peroxide, stearoyl peroxide, benzoyl
peroxide, p,p ~-dichloro-benzoyl peroxide,

(2,4,.27,4" -tetrachloro)-benzoyl peroxide, di-t-butyl

20 peroxide, di-t-amyl peroxide, t-butyl-cumyl peroxide,
dicumyl peroxide, 2,5-dimethyl-2,5-di(t-butyl
peroxide)-hexane, t-butyl hydroperoxide, p-menthane
hydroperoxide, 2,5-dimethyl-2,5-dihydroperoxide-
hexane, t-butyl peracetate, t-butyl perisobutyrate,

25 t-butyl perpivalate, t-butyl perbenzoate, di-t-butyl
perphthalate, 2,5-dimethyl(2,5-benzoylperoxy)-hexane,

t-butyl permaleate, i-propyl percarbonate,

10



10 t-butyl peroxy-i-propyl carbonate, and succinic acid peroxide. The
degree of cyclization for the thernoplastic allyloxynethylstyrene-based
resin can be controlled 5 according to the type and the anount of addition
of the polynerization initiator, and further the polynerization
tenperature or the polynerization tinme. To retain the predeterm ned gl ass
transition point (Tg) and heat stability as a thernoplastic resin, the
degree of o cyclization of the resulting thernoplastic

phenyl al | yltoBHst WY@ rexyrdndnonyh neshonadene @ds snckiigher ,achdr e
desirably 9931. or higher, while the degree of cyclization of the

resul ting é?ﬁﬁﬁ%%stic al | yl oxynet hyl styrene resin needs to be 80% or

e e b e, il REGROE BEORIcr TG SERT 28 0lfd &R i o

determ ned by the rati ween absorp

and the absarpid:afné Bhonsithit<He NSALaA! relsSid NSaRf beALHMYYIBEq that are
obt ai ned by NMR (nucl ear nagnetic resonance) neasurenent. 20 If the degree

of cycl$ zagicowmwiindgetoheheotlvast iand athgl ampmeithyd £ sdgaene onbasedHesin is
low, this nmeans that many pendant ol efin structural noieties, which have
not been PPAYMAIIzakE0Rr EBAKdateR hand famther vbhe spolynheizediiomr. As

a result, %her%amﬁll be a gﬁggeas I n the,25 nol ecul ar_wei ght,. and decli nes
in the gla ?Wﬂ%ﬂﬁﬁ?¥%noﬁoi polymerization time. To rétain the

predetermined glass transition point (Tg) and heat
stability as a thermoplastic resin, the degree of

10 c¢yclization of the resulting thermoplastic
phenylallyloxymethylstyrene resin needs to be 90% or higher,
more desirably 99% orhigher, while the degree of cyclization
of theresulting thermoplasticallyloxymethylstyrene resin
needs to be 80% or higher, more desirably 88% or higher.

15 . The degree of cyclization is determined by the ratio
between the absorption intensity of phenyl protons and the
absorption intensity of pendant olefins of each polymer
that are obtained by NMR {(nuclear magnetic resonance)
measurement.

20 If the degree of cyclization of the thermoplastic
allyloxymethylstyrene-based resin is low, this means that
many pendant olefin structural moieties, which have not
been cyclized, are present in the repeating units of the
polymer. As a result, there will be a decrease in the

25 molecularweight, anddeclines in the glass transitionpoint
(Tg) and heat stability as a thermoplastic resin.

Eventually, the drawbacks occur that the mechanical

11



(Tg) and heat stability as a thernoplastic resin. Eventually, the

- drawbacks occur that the nechanical 11 strength, thermal stability, shape
stability and predeterm ned surface accuracy as an injection nol ded
article fail to be obtained. The glass transitionpoint (Tg) of the
thernoplastic 5 allyloxymethyl styrene-based resin is obtained by

t hernronmechani cal analysis (TMA) or differential scanning calorinetry (DSC)
. Wth DSC, for,exanple, Tg is nmeasured wthin the tenperature range of
-50' 3C to 30ommgtha hketmed stalkidbit§oCshiape 19tahélgltysartd ansition
poi nt (Tg) _of al | yl oxynet hyl styrene-based resin varies

he thermpl astic ren A
with the Pd?eéi%ﬁ%?mmggmsu&ifﬁ% Yegreecsr a5 an zhnisrtian melded 100" C
or hi gher N ree. of | zation qgf. 80% or higher. Specifically, the
@ff%_ ' £53 tﬁigé rmﬁ%%?g

t her nopl astic phenylal Tyl oxy gfyrene resin controlled with a

degree of cyclizatyg9hs20% £hshtIB8po 1R 0% i asti
preferably 2000C < Tg g 2700C. The the#ﬁ%plaé%ﬁ@ a?F%%%x?%ég yﬁgﬁgféne

resin cont medllliybxyhothydegyaend-bayeli zaldion D¢ 8BYaandd gher, has Tg of
1000C or higher. 20 A nolded article, which is obtained by injection
mol di ng t AdammemephasicelppraalvEis | (BMAkihy IGit§F enentésilnsoanrbiong

W hin th STATGREEAY, COSA s liks BT, £or examp1® Ty 16 measurea ™™ "
within the temperature range of -50°C to 300°C at a heating
rate of 5°C/min.

10 The glasstransitionpoint (Tg) of the thermoplastic
allyloxymethylstyrene-based resin varies with the
molecular weight or the degree of cyclization, and Tg is
100°C or higher at a degree of cyclization of 80% or higher.
Specifically, the thermoplastic

15 phenylallyloxymethylstyrene resincontrolledwithadegree
of cyclization of 90% or higher, has 180°C < Tg < 270°C,
preferably 200°C < Tg < 270°C. The thermoplastic
allyloxymethylstyrene resin controlled with a degree of
cyclization of 88% or higher, has Tg of 100°C or higher.

20 A molded article, which is obtained by injection molding
the thermoplastic phenylallyloxymethylstyrene resinor the
thermoplastic allyloxymethylstyrene resin with the glass
transition point within this range can retain sufficient
mechanical strength, heat stability, shape stability and

25 predetermined surface accuracy.

The molecular weight (Mn) of the thermoplastic

allyloxymethylstyrene-based resin is preferably 1,500 to

12



mechani ca

strength, heat stability, shape stability and 25 predeterm ned

surface accuracy. The nol ecul ar weight (M) of the thernoplastic

al I yl oxynet hyl styrene -based resin is preferably 1,500 to 12 30,000, nore

preferably 2,000 to 25,000, even nore preferably 3,000 to 20,000. The heat

stability

determ ned by 5 thernogravinetric analysis (TG.
t hernogravi metric anal yzer ("TG DTA220", Seiko Instrunments Inc. , Japan)
i s used, a3 t00; empeeapuefatabihi 2hodowdicghts) 006, 0kv@n Me®ECUr s under

heat, is determned. as a thermal deconposition point under the conditions

of .i 0 a

of the thernoplastic allyloxynethylstyrene-based resinis

Pafferapdyns .00 %y 20,080.an N2 flow rate of 200 n/min,

000C, and.a heatin t enper at ure of
measur enment tenperggﬁgggof 30.to. g np

10' ¢/ m n.

ALl LOX YTl g FRET AGIL Y ARG Bh80a TR |63 MbELANR A oy eent T oned

degree of

The t her eBipS&ialidnt to6i o Sher fbermphastast i ¢

I zat , and 1s pre or

cy

Speci fi sal ltherdmiegratemeraiashha 1Rany | ey oryret BY ki & £PR1hEHIbBN

controlled with a degree of cycllzation of 90% or higher, has the thermal

deconposi t idorthrmogoav3ieedtic dmaghgrer2( "G/ DTRE 0P|, agdiko _
al | yl oxynet hyl styrene resin controlled wth a degree of cyclization of 8 8
% or highe;pqﬁﬁpmg%tghgpﬁah Japan) is used, and the temperature at

10

15

20

25

which a weight 1loss of 0.5% occurs under heat, is determined
as a thermal decomposition point under the conditions of
a sample amount of 5mg+ 0.5, an N, flow rate of 200 m1/min,
a measurement temperature of 30 to 600°C, and a heating
temperature of 10°C/miﬁ.

The thermal decomposition point of the
thermoplastic allyloxymethylstyrene-based resin also
varies with the aforementioned degree of cyclization, etc.,
and is preferably 350°C or higher. Specifically, the
thermoplastic phenylallyloxymethylstyrene resin
controlled with a degree of cyclization of 90% or higher,
has the thermal decomposition point of 360°C or higher.
The thermoplastic allyloxymethylstyrene resin controlled
with adegree of cyclization of 88% or higher, has the thermal
decomposition point of 350°C or higher. Even in
high-temperature melt state during injection molding,
deterioration of the low molecular weight components
inferior in heat stability does not occur. Conseqguently,
no defects measuring several micrometers to several tens

of micrometers are produced on the surface of the injection

13

For this determ nati on,

a
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deconposi tion point of 3500C or higher. Even in high-tenperature nelt
-state during injection nolding, deterioration of the |ow nolecular weight
conponents 25 inferior in heat stability does not occur. Consequently, no
defects neasuring several mcronmeters to several tens of mcroneters are
- produced on the surface of the injection 13 nol ded product, which can
retain sufficient surface accuracy. The noisture content of the
thernopl astic allyl oxynet hyl styrene-based resin is determned by Karl 5
Fi scher analoysiesi ogproectsl wieiset ptann rerwsi s peet £ oagent (ShSjacdth TDS
for exanple, the noisture content can be determ ned by neasuring H20 gas
(MZ = 18) 2083 Ys generated during resin nelt at 300C to 4000C in a
vacuum at a heatiﬁﬁlrate, 50C/ mi n, b{ ggquadruple mass 10 spectroneter
cval

0
"The noi sture conte Qﬁm?h§£Pﬁ@rﬁﬂﬂEﬁﬁ o5 RERGPL8Eiéhe - based

e ! A o,
[hore or oAl HEam e A1 R SIEThARL A Wati % et SRR REA By, i ©
st er eos§ r ugtiycfer EAN R§18 6¥CthermAneadsltyt P3) R By §béb%&%n%f¢1§t ure

and a cyclic allyloxymethylstyrene structure, are polynerized i1 n the
resin. The{&DiSat uikistlk €BDSt ifor exdyplescbhiecintol, stre hconsemaf lepied in
the noisture content., A npisture content
be determined by measuring H,0 gas (M/Z = 18), which is
generated during resin melt at 30°C to 400°C in a vacuum

at a heating rate of 5°C/min, by a quadruple mass

10 spectrometer,

The moisture content of the thermoplastic
allyloxymethylstyrene-based resin depends greatly on the
chemical structure of this resin. That is, there are no
polar functional groups in the structural units, and

15 stereostructures, such as a cyclic
phenylallyloxymethylstyrene structure and a cyclic
allyloxymethylstyrene structure, are polymerized in the
resin. These features result in low hygroscopicity, which
is reflected in the moisture content. A moisture content

20 of 0.01% or less can be retained by the thermoplastic
phenylallyloxymethylstyrene resin and the thermoplastic
allyloxymethylstyrene resin having a structure, a formula
and physical properties controlled to achieve the
aforementioned degree of cyclization and thermal

25 decomposition temperature. As a result, a molded article
obtained by injection molding can be a product with high

environmental reliability which shows no morphological

14



20 of 0.01% or less can be retained by the thernoplastic
- phenyl al | yl oxynet hyl styrene resin and the thernopl astic
al I yl oxynet hyl styrene resin having a structure, a formula and physi cal
properties controlled to achi eve the aforenenti oned degree of cyclization
“and thermal 25 deconposition tenperature. As a result, a nolded article
obt ai ned by injection nolding can be a product with high environnental
reliability which shows no norphol ogi cal 14 changes associated with
noi st ure afd@eD@sFogtabedmpleh mohstnver ahsempdlict alfidn examgsites,
allowing the nolded article to stand under high tenperature, high humdity

condi t i ons Mo EANERBRE InS I Bt EYohosies saklavangs the meokdeded
article in io r ' tes i nvol vi transfer from high
tenperaturg%qﬁig ﬁ%%igFg§dﬁﬁﬁéﬁ%i§ﬁéﬁtquR9¥% E?at&%g IQHWﬂ%ﬁ#gity
condi ti ons cola £ 16K HDPb2S khG A | SO "BEhHkHal: %&aﬁgg sh%%ahfbeofof he
present invention can be nolded by a well-known o nolding nethod, such as
‘i njecti®dn whledimyldedt artiiale ii | @hdeneeitdidiy, £ brawriRinditwsténj ection

bl ow nol ding, _press nolding, rotational nolding, cutting nolding, vacuum
mol di ng, r &My irgstransdeay funm dalghdtempgratumnel dnaght humidity

t her nopl asti c al 1yl oxypet hyl styrene - based _ resjn of the present
invention,CQHQE%%QW%wfﬂgEEUb Hayepe lowe ipkdt by GPRAitHORS m  of
i nproving the physiggal iﬁé@ﬁ&bhg§fﬁéﬁhffyﬂgk9ﬂgﬂﬂ§f§tyrene—based
resin of the present invention can be molded by a well-known
10 molding method, such as injection molding, extrusion,
inflation molding, blow molding, injection blow molding,
press molding, rotational molding, cuttingmolding, vacuum
molding, rolling, cast molding, or calendaring.
In molding the thermoplastic
15 allyloxymethylstyrene-basedresinof the present invention,
the following substances may be incorporated with the aim
of improving the physical properties such as moldability,
chargingproperties, melt flowcharacteristics, mechanical
strength, flexibility, impact resistance, adhesion of a
20 coating agent, weather resistance, humidity resistance,
light blocking properties, fire retardancy, creep
resistance, surface hardness, thermal expansibility, and
elasticity: antioxidants such as phenolic or
phosphorus-based compounds; ultraviolet stabilizers such
25 as benzophenones or hindered amines; antistatic agents such
as amines; lubricants such as esters of aliphatic alcohols;

plasticizers such as phthalates; additives such as dves,

15



charging properties, nelt f |low characteristics, nechanical strength,
-flexibility, inpact resistance, adhesion of a 20 coating agent, weather
resi stance, humdity resistance, |ight blocking properties, fire
retardancy, creep resistance, surf ace hardness, thermal expansibility,
-and elasticity: antioxidants such as phenolic or phosphorus -based
conpounds; ultraviolet stabilizers such 25 as benzophenones. or hindered
am nes; antistatic agents such as am nes; |ubricants such as esters of
al i phati c @licmreiss, pHlask cedsmrsdantd andphtlhg) cdgsntaddiftines such as
dyes, 15 pignents, flanme retardants and slip agents; fine particulate
fillers suPRTsl@ilatg figdiipgrpguatuie sidiima nahumtking okiads: . 8anpdmum

h . hi t d l.ci bonat e; d fib fil
o as o1 SSETRRAFE T Egtin S MaiBodt At H oo AT AR Eon A BRde b

best os fi | it ' ' f
US| aEhon OSSO0 E10EL 4 Ve T SOURE 2

f I uor ops astiieserf ] berorcetiber f 5hehdcoiebhebage Fiben, adbéstidd gabdrh ber. 10
O her resins can be m xed unless the objects of the present invention are

i npai red. Portas@ihet itaosie mares tbhsEdneolfjidest | nquesitizs ,fidmeycar bonat e
resins, and palynethyl nethacrylate resins can be m xed. The thernoplastic

al | yl oxymefHakiedelipt e Fanpon &ibr bl . ielyrvidet fikeant PeAvestieef ul as

various rrle‘i%%r,fluoroplasticsfiber,cottonfiber,cellulosefiber,
and silicon fiber.

10 Other resins can be mixed unlesgss the objects of
the present invention are impaired. For example,
norbornene—basedpolyolefinresins,polfcarbonateresins,
and polymethyl methacrylate resins can be mixed.

_ The thermoplastic allyloxymethylstyrene-based

15 resin of the present invention is useful as various molded
articles in wide varieties of fields, including substrate
materials foroptical andmagneticmedia. Examples include
electric and electronic components, such as optical disks,
information disks, magnetic disks, hard disks, optical

20 cards, and electrophotographic photoconductors, optical
components, such as optical lenses, eyeglass lenses, prisms,
optical mirrors, optical fibers, beam splitters, liquid
crystal display device substrates, light-guiding plates,
polarization films, phase difference films, OHP films,

25 lightdiffusion plates, light emitting device encapsulated
light diffusion plates, back lights for liquid crystal,

and pipe materials for fluorescent tubes; equipments for

16



articles in wide varieties of fields. including substrate materials for
-optical and magnetic nedi a. Exanples include electric and electronic
conponents, such as optical disks, information disks, magnetic disks, hard
di sks, optical 20 cards, and el ectrophotographi ¢ photoconductors, optical
~conponents, such as optical |enses, eyeglass |enses, prisns, optical
mrrors, optical fibers, beamsplitters, liquid crystal display device
substrates, light-guiding plates, polarization filns, phase difference
films, OHPmedinsml Zmite ghtoxidxampba, ptaheainkirght camiltigumigl devised.id
encapsul ated light diffusion plates, back_ lights for liquid crystal, and
pi pe nat er PRSI MasFe vt ispdsosuch aschentoppidaeid epni@imeiisaviedise, f or

exanpl e, containers f or _liquid or solid har maceuti cal s, such as chem cal
o conelemnes - prseri 1 e e fioes | RREHIRIR RAds ) aphEPaara

ur : SIS, e | .
Cont rast midrasCan ey PR ERE P bRE oBRTIET A 21 o

sanpl i ng cebdimnast rfedia blaard ppeys Neh-60§h ;f':é_@ﬁh'g@:% LCebhta il sxanpl i ng
tubes, and sanple containers, sterilized containers such as syringes and
medi cal i nsampies s surkdas danpki ng entta snehs fobhbabedsexddihatidoatsoy y

di shes, flasks, test tubes, centrifugation tubes, contact |ens cases,

i nfusi on t GBET 10 GRAd.S | BiApE samplipg akes aandeample @PnEAGARTS such as

dental pl alge, {11k ChahtI8Hdrs "Ooh SH LY HALIES: RA A4 LLpT @l tooth

instruments, medical instruments such as beakers,

10 laboratorydishes, flasks, test tubes, centrifugationtubes,
contact lens cases, infusion tubes, piping, joints, and
valves, and artificial organs, such as dental plate,
artificial heart, non-return valves, and artificial tooth
root, and their components; equipments for processing of

15 electronic components, such as wafer carriers, hard disk
carriers, information disk substrate carriers, liquid
crystal substrate carriers, magnetic disk carriers, IC
trays, IC carrier tapes, separation films, shippers, tanks,
piping for ultrapure water, pipes, tubes, wvalves,

20 flowmeters, filters, pumps, sampling containers, resist
containers, and inner bags for resist containers;
electrical wire coating materials, components for OA
equipment, such as electronics, copiers, computers and
printers, and general insulators for gauges, radars,

25 antennas, and luminary lamp shades; electric components
such as printed boards, flexible printed boards, multilayer

printed boards, and high frequency circuit boards; base
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root, and their conponents; equi pnents for processing of 15 electronic

- conponents, such as wafer carriers, hard disk <carriers, information disk
substrate carriers, liquid crystal substrate carriers, nagnetic disk
carriers, IC trays, IC carrier tapes, separation filns, shippers, tanks,
‘piping for ultrapure water, pipes, tubes, valves, 20 floweters, filters,
punps, sanpling containers, resist containers, and inner bags for resist
containers; electrical wire coating materials, conponents for QA

equi prent , madarial el forr oendsiciciope ef $1msonpnicass what i pni maées; i ans
general insulators for gauges, radars, 25 antennas, and |lum nary | anp

shades: el &0% |téfél§b?19ﬁ%ﬁéﬁtrslcsuél$las LFD ntleb oA HEFusioni blatsi rﬂfgli .

b d t ed b

N mt er 1 alE BESndieRess ARG i stiatihd oSSty B R PRAR ror ¢
IC, LSI, LERedtSkafl Jc{n‘nﬁ?ﬂ@nﬂgaé@ch%%d oII:'c:JQsha(thgcft D 's% el Y

shaped; sealing materi el ectrlc conponents ‘suc ors,

capaci t9r s ansWideahesrs ; aRBuSARSD nta t HPUST BO FERt &id Bd$i & Phnke! eMicH NS,
vi deos, video caneras, and caneras; and buil ding conponents such as

sewage pi pi"ﬂ-@emelmiks émqblcr@nepaﬁesanﬂ/ablhlldmagl agmpoaiearisa) sudh oor
covering ”%%eéé%£%e=%T%£§§J'J’ éﬁ%gékg plggh%rlSL%eslowE§§w2552r1ng
materials, floor covering materials, and ceiling covering
materials. |
10
EXAMPLES
The present invention will be described in further
detail by way of the following Examples, but it is to be
easily understood that the invention is not 1limited to these

15 examples, and various changes and modifications can be made

by those skilledin theartwithin the scope of the invention.

Example 1 (Synthesis of phenylallyloxymethylstyrene
monomer )}

20 First of all, a-hydroxymethylstyrene was prepared
by the method disclosed in L..F. Hatch and T.L. Patton, J.
Am. Chem. Soc., 27, 2705 (1954) (incorporated herein by
reference). Then, a portion of this compound was used to
prepare o-bromomethylstyrene in accordance with a

25 conventional bromination method such as one disclosed by
J. Villierras and M. Rambaud, Synthesis, 924 (1982)

(incorporated herein by reference).

18



The present invention will be described in further detail by way of the

-follow ng Exanples, but it is to be easily understood that the invention

is not limted to these 15 exanples, and various changes and nodifications

can be made by those skilled in the art within the scope of the invention.

"Exanple 1 (Synthesis of phenyl allyl oxymet hyl styrene nononer) 20 First of

all, a-hydroxynethyl styrene was prepared by the nethod disclosed in L . F
Hatch and T . L . Patton, J. Am Chem Soc., 27, 2705 (' 1954)

( i ncor por at ed her eio+ Byomoréehgtiet)yredd8 g, 9 3 gROL ti®N) széiﬂgs( sefgosnd was
used to prgpare a- brononet hyl styrene in accordance with a 25 conventi onal
brom nat i oRIn@tHuisexmes hade tfsenesed . BP0 Ml \if |dbchihsrame tiarRanbaud

=B ononet AL 8n 0¥, 185 AN A] e T gSinpr Yuf pEORIGG) were mixed.
a- hydr oxy My ¥f:8hGerd, 080 ghudl o dY A ATRENERCs mBRE )13 daium.
0] re,” as i on of

t et r anor mal but yl anmoni um brom de were m xed. he X

140 g (8. Shydrsyxidde shali UpOBOhdr 8% datidy LiddOaddeal drRpeiMas agdad
dropwi se. Wth vigorous stirring, the mxture was reacted for 50 hours at
40C, and t Naganmusggebusiplasdhemanimabhed watsh reictédr fort Bandours
Di chl oronet hane was renoved, and the residue was subjected to vacuum
distillati 8% &0 f40@nghdthenothemagnaeusyi phaseo wpofwasbadetwiAh Since t he

resulting §jchloromethane. Dichloromethane was removed, and the
residue was subjected to vacuum distillation at 140°C and
10 0.4 mmHg to give 100 g of product A. Since the resulting
product was a mixture, it was purified by column
chromatography using a hexane/dichloromethane eluent,

whereby phenylallyloxymethylstyrene monomer was obtained.

15 Example 2 (Synthesis of phenylallyloxymethylstyrene
polymer 1)
| The phenylallyloxymethylstyrene monomer (100 ml)
obtained in Example 1, and 0.006 mol of the polymerization
initiator 2,2’ -azobisisobutyronitrile (AIBN) were charged

20 into a Pyrex polymerization tube. The polymerization tube
was sealed under a nitrogen atmosphere, or after a
freeze-pump-thaw cycle was performed three times, i.e.,
for 30 minutes, for 40 minutes and for 50 minutes, and the
tube was sealed in a vacuum. Then, the reaction mixture

25 was allowed to stand for 24 hours at 60°C in a
temperature-controlled bath to carry out polymerization.

The polymerization was stopped by rapidly cooling the
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product was a mxture, it was purified by colum chromatography using a

- hexane/ di chl oronet hane el uent, whereby phenyl al |l yl oxynet hyl styrene nononer
was obtai ned. 15 Exanple 2 (Synthesis of phenyl allyl oxynet hyl styrene
%polyner 1) The phenyl al | yl oxymet hyl styrene nononmer (100 ml) obtained in
Exanple 1, and 0.006 nol of the polynerization initiator 2,2

-azobi si sobutyronitrjle (AIBN) were charged 20 into a Pyrex pol ynerization
tube. The polynerization tube was seal ed under a nitrogen atnosphere, or
after a fpedamemhpathaw tybkewibb jpeef orfikdnt hthe téaesion mixtudms 30

m nutes, for 40 mnutes and for 50 mnutes, and the tube was sealed in a
vacuum Th¥RS PRYTEShipteMatRanod 25 adregiphbantoctegiie fopodymesrs at

| 1.ed bath h
ol yrer | zaPEoR Wk S BIREGE by T Ko LB FARGY ﬁéﬁx%ea%?«%%é% 'a:?ﬁ%g@cir Ube
with ice. BWllEB%t&?ﬁPEhQBu@H%LS V%s‘,{‘@ﬁl%iteglet%e Sk %}mt

precipitant "'to give a polyner i t & powder pblyner

was cold eched the felstidaid amad lﬂlh:(ilégil f&):g|4®$1d‘d:}§ Vr mdtdanla YazhaRoved,
5 and the residue was dried for 48 hours or nore in a vacuum drying

equi pnent B&vging ?ﬁ]‘éhpmanrtyItwmmyphe;lyéﬁdlyphbgymethyl%ﬁcbm t he
rati o betmeeﬁtthe a sogftlon i ntensity ghen yl protons and the
absor pt i onPPAHYEIRT agRAdaht t51|eef1|‘q;]1'510d etvesd Hihe hebsorpRisyect rum of

the intensity of phenyl protons and the absorption intensity
of pendant olefins, detected by the H-NMR spectrum of the

10 resulting polymer, the degree of cyclization was 90%. The
glass transition point (Tg) determined by DSC analysis was

220°C, and the thermal decomposition point determined by

TG analysis was 360°C. Moreover, TDS analysis showed the

moisture content of this polymer to be 0.008%. The number

15 average molecular weight {(Mn) was 14,000.

Example 3 (Synthesis of phenylallyloxymethylstyrene
polymer 2)
Phenylallyloxymethylstyrene polymer 2 was
20 obtained in the same manner as in Example 2, except that
160 ml of the phenylallyloxymethylstyrene monomer, and
0.006 mol of cumene hydroperoxide (CHP) as a polymerization
initiator were charged into the polymerization tube, and
the polymerization temperature and the polymerization time
25 were set at 120°C and 24 hours, respectively. The degree
of cyclization determined by the H-NMR spectfum of the

resulting polymer was 96%. The glass transitionpoint (Tg)

20



10 resulting polynmer, the degree of cyclization was 90% The gl ass
.transition point (Tg) determ ned by DSC anal ysis was 2200C, and the

t hermal deconposition point determned by TG analysis was 3600C. Moreover,
TDS anal ysis showed the npisture content of this polynmer to be 0.008% The
‘nunber 15 average nol ecul ar wei ght (M) was 14, 000. Exanple 3 (Synthesis
of phenyl al | yl oxynet hyl styrene polynmer 2) Phenyl al |l yl oxynet hyl styrene

pol ymer 2 was 20 obtained in the same nmanner as in Exanple 2, except that

100 M of deeatieivéal byl osoRidyl péyEenas oEURe,, AW tRe @BG&rwY) Of
cunene hydroperoxlide (CHP) as a polynerization initiator were charged into

the pol ynedezampositben pedntt de tpoinyimedzayi D6 avepesdtsumeasardsaite
polynerlza on tine ﬁﬁ) re set at .1200C and 24 hours, respectively. The

degr ee é’ﬁelcﬂﬁﬁf sfewed Wq\lmlfﬂ'é@f‘? FRADFER ROL tEEF ti ng
pol ynmer ma g%é%dI S ansi _g ed %ﬁg
anaIyS|s gg%ﬁ O?Eerna#hgg%gﬁhggéé % &ﬁﬁ@gggégthﬁég TG
anal ysis wasind8Qas Mareover, TDS anal ysis shomed t he noi sture content of
this polyner to be 0.0080. The nunber average nol ecular weight 5 (M) was
18,100. Exanple 4 (Synthesis of phenylallyl oxynethyl styrene polyner 3)
PhenylalIonxynEthyIstgrene pol ynmer 3 was
Example "4 ynthe51s of phenylallyloxymethylstyrene
polymer 3)
Phenylallyloxymethylstyrene polymer 3 was
10 obtained in the same manner as in Example 2, except that

100 ml of the phenylallyloxymethylstyrene monomer, and

0.006 mol of cumene hydroperoxide (CHP) as a polymerization

initiator were charged into the polymerization tube, and

the polymerization temperature and the polymerization time

15 were set at 140°C and 9 hours. The degree of cyclization

determined by the H-NMR spectrum of the resulting polymer

was 99%. The glass transition point (Tg) determined by

DSC analysis was 265°C, and the thermal decomposition point

determined by TG analysiswas 400°C. Moreover, TDS analysis

20 showed the moisture content of this polymer to be 0.008%.

The number average molecular weight (Mn) was 12,700.

Example 5 (Synthesis of allyloxymethylstyrene monomer)
Allyl bromide (233 g, 1.9 mols), 26 g (0.2 mol)

25 of oa-hydroxymethylstyrene, 1,000 ml of dichloromethane,
and 3.4 g (0.01 mol) of tetranormalbutylammonium bromide

were mixed with an aqueous sodium hydroxide solution
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10 obtained in the sane manner as in Exanple 2, except that 100 ml of the
- phenyl al | yl oxynet hyl styrene nononer, and 0.006 nol of cunmene hydroperoxi de
-(CHP) as a polynerization initiator were charged into the polynerization
tube, and the polynerization tenperature and the polynerization tinme 15
were set at 140C and 9 hours. The degree of cyclization determ ned by the
H NVR spectrum of the resulting polynmer was 99% The glass transition

- point (Tg) determined by DSC analysis was 265C, and the thermal

deconposi t Paepsred bylelissohedngy 39CGgandll godd uwah v i ddbie@ee ,mTDS
anal ysis 20 showed the_ noisture content of this polyner to be 0. 008% The
nunber avePigBakbBrecullBe WexEMIe Wip haated yndermafipuz SorJhtems of

al I yl oxynet hyl st.yren noner Al'lyl bromde (233 g, 1.9 nols), 26 g (0.2
mol ) 25 of &k I@d%xy% g@%eﬁ@?"%}éﬁb nthef agnenus ghasanand 4he 3.4 g
(0.01 nol) I | | r oni r ] ' an_agueous
sodi um hyd?gxbi&dgiigﬁﬁéiggnggképr egar e%g%g ! dlg?;ﬁglt&:@ag;%lgééﬁgf y?%g‘"leu mas

hydroxisle ext2¥tted wafthvatBer . ThehenXt the é”@ﬁefgﬁfe&fb HAde¥n& efrddnid or 50
hours at 50C. After the reaction, the aqueous phase and the organic phase

wer e separ phége wagemixed yendsdphedewesn fgbxtaweet ma gridsi whBerLfaften, the

et her phas;i-I an(g the organic phase were nixed, and dried overnight over
magnesi um St desiccaplewassyenaNed Ry Fehbvadipp.f andrebhenrbheedtharen t he

et her Wasw%%”?:ye%xpéfddi)?t id':i.'s%:tiilO_LnatiTgS . r e,fhgu%e\g%sdusgb%aegt ggbjected
to vacuum distillation at 54°C and 0.2 mmHg to give 24 g
10 of product B. Since the resulting product contained
impurities, it was purified by column chromatography using
a cyclohexane/chloroform eluent, whereby

allyloxymethylstyrene monomer was obtained.

15 Example 6 (Synthesis of allyloxymethylstyrene polymer 1)
The allyloxymethylstyrene monomer (100 m'l)

obtained in Example 5, and 0.006 mol of the polymerization
initiator 2,2’ -azobisisobutyronitrile (AIBN) were charged
into a Pyrex polymerization tube. The polymerization tube

20 was sealed under a nitrogen atmosphere, or after a
freeze-pump-thaw cycle was performed three times, i.e.,
for 30 minutes, for 40 minutes and for 50 minutes, and the
tube was sealed in a vacuum. Then, the reaction mixture
was allowed to stand for 24 hours at 60°C in a

25 temperature-controlled bath to carry out polymerization.
The polymerization was stopped by quenching the

polymerization tube with ice. Then, the reaction mixture
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to vacuumdistillation at 54C and 0.2 mHg to give 24 g 10 of product B.
.Since the resulting product contained inpurities, it was purified by

-col um chromat ography using a cycl ohexane/ chl or of or m el uent, whereby

al I yl oxynet hyl styrene nononer was obtained. 15 Exanple 6 (Synthesis of

al 'yl oxymet hyl styrene polymer 1) The allyl oxynethyl styrene nmononer (100
m) obtained in Exanple 5, and 0. 006 nol of the polynerization initiator
2,2 -azobisisobutyronitrile(AlBN)were charged into a Pyrex polynerization
tube. The peISy petiresl Lot ot mpghaz® hwas sqatedipatiantatni ¢iogen patinsgher e,

or after a freez t haw cycle was perfornmed three tines, i.e., for 30
m nutes, f&F° ﬂowﬁll%&tngé’wgﬁ&*f ot 1) PRefkREtakad Pﬁém@aﬁagsﬁaﬂf@ﬂl n a

t 24 hours at
Boc i a 2% EhbEraEIen Htbihd g1l (LT Mes BB ar F—”?&H"‘&fi The
pol ymer i zabin@n +Wes relaRRAd Wiis GHeNSHi ¢ the hdl%w%gﬁ?&fé%t @g i ce.

Then, the reaction m xture 22 was poured I nto nethan precipitant to

gi ve a pol yiryrinqequipgndet powddve B1a yI®eyne tBYed fiaten@ pyBemb 50 at ed
by f||trat|on throgtghea gl assglléer I\/Etganol was renoved, and the o
resi due waBagede gt holratweendhe an am&amﬁténﬁlmeﬂ@nmgﬂz
absor pt i onBFEETEY (37T dHgFOL B 56n 4 b P HEY oS P BRAGRT: &SNS of
pendant ol atat'erbsl:ed by the H-NMR spectrum of the resulting polymer,
the degree of cyclization was 88%. The glass transition
10 point (Tg) determined by DSC analysis was 110°C, and the
thermal decomposition point determined by TG analysis was
350°C. Moreover, TDS analysis showed the moisture content
of this polymer tobe 0.006%. The number average molecular
weight (Mn) was 5,500.
15
Example 7 (Synthesis of allyloxymethylstyrene polymer 2)
Allyloxymethylstyrene polymer 2 was obtained in
the same manner as in Example 6, except that 100 ml of the
allyloxymethylstyrene monomer, and 0.006 mol of cumene
20 hydroperoxide (CHP) as a polymerization initiator were
charged into the polymerization tube, and the
polymerizationtemperature andthepolymerization timewere
set at 120°C and 24 hours. The degree of cyclization
determined by the H-NMR spectrum of the resulting polymer
25 was 96%. The glass transition point (Tg) determined by
DSC analysis was 100°C, and the thermal decomposition point

determined by TGanalysis was 370°C. Moreover, TDS analysis
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detected by the H NVR spectrumof the resulting polyner, the degree of

.cyclization was 88% The glass transition 10 point (Tg) determ ned by DSC

L]

- .anal ysis was 110C, and the thernal deconposition point determ ned by TG

anal ysis was 350C. Moreover, TDS anal ysis showed the noisture content of
this polynmer to be 0.006% The nunber average nol ecul ar weight (M) was
5,500. 15 Exanple 7 (Synthesis of allyloxynethylstyrene pol yner 2)

Al l yl oxynet hyl styrene polyner 2 was obtained in the sane manner as in
Exanpl e 6, shamepd thatmdiStuteofohhentablEytnignpbhyhtizy teneamnaoys . and
0.006 nmol of cunene 20 hydroperoxide (CHP) as a polynerization initiator
were char et igBbeRe ayemasd imel eonlanbere ight t npomyarerd 2800 on
tenperature and the polynerization tine were set at 120C and 24 hours. The
degree of cyclization determ ned by the H NVR spectrum of the resulting

pol ymer ZSC%EP % . The ransition point (Tg) determ ned by DSC
anal ysi s was %g?@$%§ F%gﬁﬁkéngl deconposition point determned by TG
anal ysis was 370C. déikereialll éﬁ&ﬂﬂ§$§e2%h%@%&§hé§€iﬂoiSture content of
this polynmer to be 0. 006% The nunber average nol ecul ar wei ght (M) was
3,000. Conparrhéowmeizabplsedl redConme! ZEON FxXasa ' aldeoh heorpphratiicn ,
nor bor nene- based resin ("ZEON EX280", Zeon Corporati on,

Japan) was used as resin, and evaluated in the same manner

as above. The glass transition point (Tg) determined by

DSC analysis was 135°C, and the thermal decomposition point

10 determinedby TGanalysiswas 340°C. Moreover, TDS analysis

showed the moisture content of this polymer to be 0.010%.

Comparative Example 2
Commercially available thermoplastic
15 polycarbonate resin {"Panlite AD5503", TEIJIN CHEMICALS
LTD., JAPAN) was used as resin, and evaluated in the same
manner as above. Theglasstransitionpoint (Tg) determined
by DSC analysis was 125°C, and the thermal decomposition
point determined by TG analysis was 320°C. Moreover, TDS
20 analysis showed the moisture content of this polymer to

be 06.15%.
[Evaluation of characteristics]
The results of Examples 2 to 4, Examples 6 and 7,

25 and Comparative Examples 1 to 2 are shown in Table 1.

Table 1 Synthesis Conditions and Physical Properties of

24



Japan) was used as resin, and evaluated in the same nmanner as above. The
.glass transition point (Tg) determ ned by DSC analysis was 135C, and the
.thermal deconposition point to determ ned by TG anal ysis was 340C .

Mor eover, TDS analysis showed the noisture content of this polynmer to be
*0.010% Conparative Exanple 2 Commercially avail able thernoplastic 15

pol ycarbonate resin ("Panlite AD5503", TEIJIN CHEM CALS LTD. , JAPAN) was

used as resin, and evaluated in the sane nanner as above.. The gl ass

tranS|t|onm&iyiOXY@¢td¥maﬁynﬁnb hys@ﬂCnﬂsﬂq5|s was 125C and the thernal

deconposi fTom—pojmt d TG Y 3206—Mbreover5— TDS 20
anal ysi s showed t1ePrr1;| F&"éélfﬁ: n':%]f;}' wa ?98 ymeg'gto '1[11%15'0 é’ﬁﬁ?

[ Eval uati on of charact ef PSt £ds]| THR reéuCﬂs ¥ ExrpCes| 1°€0 4, (Blanples 6
and 7, 2% and ComnparativelMkanples 1/to 2 pre shpwn in| Table/1. Table 1

Synt hesi s|Eandli t i pAIBM¢ Physi cpl 2Rr opeki es 00 24 220 | 360 |0.008
ATyl oxymeiiy. |3t yT epepbased oes] nsaATDUN o PN o Te| DX5J 0] 1180 | 0. 008
Fx.4 CHP 0.02 9 140 99 265 400 [0.008
0
0

Ex.6 AIBN | 0.06 24 60 88 110 350 .006
Ex.7 CHP 0.06 24 120 96 100 370 .006
C.Ex.1 - - - - - 135 340 10.010
C.Ex.2 - - - - - 125 320 10.150
PI: Polymerization Initiator

PTi: Polymerization Time
5 PTe: Polymerization Temperature
DC: Degree of Cyclization
Tg: Glass Transition Point
TDP: Thermal Decomposition Point
MC: Moisture Content
10
The thermoplastic phenylallyloxymethylstyrene
resins of Examples 2 to 4 according to the present invention
are highly heat resistant thermoplastic resins having, as
material properties, a very high glass transition point
15 of 220°C or higher and a high thermal decomposition point
of 360°C or higher, in comparison with the commercially
available thermoplastic resins of Comparative Examples 1
to 2. Compared with conventional thermoplastic injection
molding resiné, therefore, the resins of the present

20 invention can be molded under high fluidity molding
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MC Plof PT (h)(OQ( 0)(O(O( % (M Ex.2AlI BNO. 062460902203600. 008

. Ex. 3CHP0. 0624120962503800. 008 Ex. 4CHP0. 029140992654000. 008

- Ex. 6AI BNO. 062460881103500. 006 Ex. 7CHP0. 0624120961003700. 006

"C Ex.1----- 1353400. 010 C Ex. 2----- 1253200. 150 PI: Polynerization Initiator
*PTi: Polymerization Time 5 PTe: Polynerization Tenperature DC. Degree of
Cyclization Tg: dass Transition Point TDP: Thermal Deconposition Point
MC. Moi sture Content 10 The thernopl astic phenylallyl oxymet hyl styrene

resins of Ewaddieiors| osdchcasr di mg1dd idadi Bs ebémpaYariura) oRIEs¢hghl y
heat resistant thernoplastic resins having, as material properties, a very
hi gh gl assourr drighenmpdi at mod doftaeperatulregieds kR G ¢n ghighemalas

deconposi t| poi nt 60C or her co ri.son th the gnmercial ly
avai | bt e FRAFISH RAPRFESRES. SO ORAPRLRy o Barit RS i ion no13TRE.

Thus,moldedartlclesw1threducedr651dualstress,mlnlmal

5 surface roughness and few waves can be obtained.
Consequently, the resulting molded articles are excellent
in shape stability and surface accuracy even when allowed
to stand at high temperatures.

On the other hand, the thermoplastic

10 allyloxymethylstyrene resins of Examples 6 to 7 according
to the present invention are highly heat resistant
thermoplasticresins having, asmaterial properties, ahigh
thermal decomposition point of 350°C or higher, although
they have a low glass transition point of 100-110°C, in

15 comparison with the commercially available thermoplastic
resins of Comparative Examples 1 to 2. Compared with
conventional thermoplastic injection molding resins,
therefore, these resins of the present invention can be
molded under high fluidity injection molding conditions,

20 such as a molding resin temperature of 340°C or higher,
as molding conditions, for example, for injection molding.
Thus, molded articles with reduced residual stress, minimal
surface roughness and few waves can be obtained.
Consequently, the resulting molded articles are excellent

25 in shape stability and surface accuracy even when allowed
to stand at high temperatures.

Furthermore, the thermoplastic
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L

to 2. Conpared with conventional thernoplastic injection nolding resins,
-therefore, the resins of the present 20 invention can be nol ded under high
-fluidity nolding 25 conditions, such as a nolding resin tenperature of 350C
_or higher and a nold tenperature of 160C or higher, as nolding conditions,
for exanple, for injection nolding. Thus, nolded articles with reduced
residual stress, mninmal 5 surface roughness and few waves can be
obt ai ned. Consequently, the resulting nolded articles are excellent in
shape st abPhany kbl ylpkyoe tiucls byyeneenesfios ahdobbd thersmbpichstidi gh

t enper at ur es. t he of her hand, the thernoplastic 10 allyl oxynethyl styrene
resins of PRt RY S{YTAng fesiBst € Bregddies i din ibring & Highl y
heat resis plastic resins having, .as material. pro ties, a high
t her mal de?ggﬁgﬁ |%ﬁ8p%?nknﬁ Eﬁﬁﬁ?BE A eﬁ?l%ﬁtﬁﬁﬁgwl4%ﬂ§f%%ve a | ow

gl ass transiylgdkdohie ebsiol 1108 chfiph? fm?@ SPHe Uim{ rcially
avai l abl e t%ginnaﬁggtic fesins of %b argﬁ?ve aﬁ%ﬁeg f%ﬁffgggﬁbared
with cenvewvaidmehle hetappbpdtist iidjmading oP|chmgarative EXdiBiore,
these resins of the present invention can be nolded under high fluidity

i nj ection &8 dingThBAdI Eherscanogtvematdadnattindesewhi chempedatal ey of

340C or higher, as_nol di conditions, for _exanple, for injection nolding.
Thus, nol dg‘&%;ﬁrt% FO@R Pﬁ &g &9 et ldne e dafecihapccurrence

due to moisture absorption even when allowed to stand at
high temperatures.

10 According to the allyloxymethylstyrene-based
resins of the present invention, there can be provided
thermoplastic resins which have a three-dimensional
stereochemical rigid structure , and thusretainahighglass
transition point (high Tg) closely related to mechanical

15 strengthcharacteristics,andhighthermalstability(high
thermal decomposition temperature) permitting high flow
molding, and further possess low hygroscopicity meaning
minimal swelling, deformation or deterioration due to
moisture absorption.

20 Since the thermoplastic
allyloxymethylstyrene-based resins of the present
invention enable highly accurate, highly reliable molded
articles tobe produced in large quantities and at lowcosts,
their commercial value is extremely high.

25 The present invention has been described in detail
with respect to the preferred embodiments, and it will now

be clear that changes and modifications may be made without
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surface roughness and few waves can be obtai ned. Consequently, the
.resulting nolded articles are excellent 25 in shape stability and surface
.accuracy even when allowed to stand at high tenperatures. Furthernore, the
“thernopl astic 26 phenyl al |l yl oxynmet hyl styrene resins and the thernoplastic
¥al | yl oxynmet hyl styrene resins of Exanples 2 to 4 and 6 to 7 according to
the present invention are mnimally hygroscopic resins, as conpared with
the comercially 5 available thernoplastic resins of Conparative Exanpl es
1 to 2. Thepartthiayy cirofi ¥ike "Dhoed tardn dres thithoad s maspyctendem@ shape
changes due to swelling or defect occurrence due to noisture absorption
even when alt| d®edurointendisn, Hilgretoper ainrtbe dppandeddicigitms tHue
aIIyIoxynethéjstyrene--based resins of the present invention, there can be

provi ded FPREEFOAEStFRCRCPARIGS Ghhdledafirpdd s eds badf within

st ereochencal .rigi ture, d.thus.retain a high glass transition
point (hig B%gfﬁgﬁ%§g$%£gglg?§&j§% %@%ﬁéﬁ%@&r 15 strength characteristics,
and high thermal stability (high thernmal deconposition tenperature)
permtting high flow nolding, and further possess |ow hygroscopicity
meaning mninmal swelling, deformation or deterioration due to noisture
absorption. 20 Since the thernoplastic

28



al I yl oxynet hyi styrene-based resins of the present invention enable highly

. accur at e,

highly reliable nolded articles to be produced in |arge

-quantities and at |low costs, their comrercial value is extrenely high. 25
"The present invention has been described in detail wth respect to the

Vpreferred enbodi nents, and it will now be clear that changes and
nodi fi cati ons may be nade w thout 27 V departing fromthe invention inits

br oader

aspects, and it is our intention, therefore, in the appended

clains to WEAZIerI|ICLAIMBDcA&ges and nodifications as fall within the
true spirit of the invention. 28 WHAT IS CLAIMED I S: 1. A thernoplastic
resin conprising structural units of the followng formulas (1) and (I11):

5n (1)

hydr ocar

as.repeating,.units, wherein R represents.a hydrogen atom
bo%‘group,ﬂéﬁﬁ ggng%

, .Qr a
SRR P b F SRR At Bfe G5 ¥Pdtshi gher,

provi ded tgﬁtﬁﬂéﬂbelgﬁgn@p%d}ﬁﬁlago(&Qegﬁggxfiyg. 2. The thernoplastic

resin according to c
5

10

15

ailm1l~ wherein R'i

R R
—(cr—rz CH, CH2>-
0 @ 0 .

@ (1)
as repeating units, wherein R represents a hydrogen atom
or a hydrocarbon group, and m and n each denote an integer
of 0 or 1 or higher, provided that m and n are not 0 at

the same time.

2, The thermoplastic resin according to claim 1,

wherein R is phenyl.

3. The thermoplastic resin according to claim 1,

wherein R is hydrogen.

4, A thermoplastic resin obtained by polymerizing a

monomer having a structure of the following formula (III):
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15 3. The thernoplastic resin according to claim11, wherein Ris hydrogen.
4. A thernoplastic resin obtained by polynerizing a nononer having a
.structure of the following formula (I1l) : 29 R/ CCH HCCQ H2CO0-C H
s(1'11) wherein R represents a hydrogen atomor a hydrocarbon group. 5. The

t hermopl astic resin according to claim4, 5 wherein Ris phenyl. 6. The

t hernopl astic resin according to claim4, wherein Ris hydrogen. 10 7. The
t hernopl astic resin according to claim5 which has a degree of cyclization
of 90% or higher. 8. The thernoplastic resin according to claim®6 which

has a degree of cycli an of 80% or higher. 15 9. The thernoplastic resin
according to claim5b has a glass transition tenperature (Tg) of 180C
or higher, but IFowe at\ 270C. 20 10. The thernoplastic resin according
to claim 6%&5/ has a gl s_é,qany tion tenperature (Tg) of 100C or

hi gher, buf | owly, é hacp_

2

(1II)

whereinR represents a hydrogen atom or a hydrocarbon group.

5. The thermoplastic resin according to claim 4,

5 wherein R is phenyl.

6. The thermoplastic resin according to claim 4,

wherein R is hydrogen.

0 7. The thermoplastic resin according to claim 5 which

has a degree of cyclization of 90% or higher.

8. The thermoplastic resin according to claim 6 which

has a degree of cyclization of 80% or higher.

i5
9. The thermoplastic resin according to claim 5 which
has a glass transition temperature (Tg) of 180°C or higher,
but lower than 270°C.

20 10. The thermoplastic resin according to claim 6 which

has a glass transition temperature (Tg) of 100°C or higher,

but lower than 125°C.
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30 11. The thernoplastic resin according to any one of <clains 4 to 6 which
. has a thermal deconposition point of 350 or higher. 5 12. The
-t hernopl astic resin according to any one of clains 4 to 6 which has a
%nnisture content of less than 0.01% 10 13. A nethod for producing a
“thernoplastic resin conprising structural units of the follow ng fornul as
(1) and (I'l): n (1) as repeating units, wherein R represents a hydrogen
atom 15 or a hydrocarbon group, and mand n each denote an integer of 0 or
1 or higher, provided that mand n are not O at the sane tinme, said nethod

conpri sing.polynmerizing.a nonoger ., having, a structure of the foll ow ng
fornula (I ilﬁ)': 31 ?%ﬁz%—_‘tﬁrf)@gaftﬂfc-@ in) aCromeind nttR aBpr e8entaf a

hydrogen aLemupls 3 BEIeGHPOR 9A8UE" chdrnATOlRbAS L £EEoAPEY IR d# om

t her nopl astic resin
350° or higher.

12. The thermoplastic resin according to any one of
claims 4 to 6 which has a moisture content of less than

0.01%.

10 13. A method for producing a thermoplastic resin

comprising structural units of the following formulas (I)

and (II):
R R
THZ (CHZ CH2>~
8] m 0 n
) (iL)

as repeating units, wherein R represents a hydrogen atom
15 or a hydrocarbon group, and m and n each denote an integer
of 0 or 1 or higher, provided that m and n are not 0 at
the same time,
said method comprising polymerizing a monomer

having a structure of the following formula (III):
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5 conprising structural units of the following formulas (1) and (11):

(1) (I'l) as repeating units,

- hydrocarbon group, and mand n each denote an integer 10 of 0 or 1 or
- hi gher, provided that mand n are not 0 at the sane tine. 32

10

R

H c-—c:/
TN s
H,C—0—C

C=CH,
2

(1)

wherein R represents a hydrogen atom or a hydrocarbon group.

14. Amoldedarticleobtained fromathermoplasticresin
comprising structural units of the following formulas (I)

and (II):

CH, CH,

0

@ (I1)
as repeating units, wherein R represents a hydrogen atom
or a hydrocarbon group, and m and n each denote an integer
of 0 or 1 or higher, provided that m and n are not 0 at

the same time.

32

wherein R represents a hydrogen atom or a

n



