1 DESCRI PTI ON URETHANE ( METH) ACRYLATE MONOVER AND PRODUCTI ON PROCESS
THERECF 5 TECHNI CAL FI ELD The present invention relates to a urethane
‘‘met h) acryl ate nononer and a. production process thereof. In the
present invention, the term "urethane (nq;h)acrylate 10 nononer™”
means both a urethane acryl ate nononer and a urethane nethacryl ate
nmonomer. BACKGROUND ART Mononers which are curable with heat or an
active energy 15 line and used in c®&SCGrg FdoiPbsitions i ncl ude
nononers having a (meth)acryl oyl group (acryloyl group or

met hacryl oyl group) in the nol ecule, such as urethane (neth)acrylate,
pol yest er (meURESHAWEAt @FEIHY APOXVATReYGYAMER| ANE. PRORIE THOt HAEESS
(meth)acryl ate nononers out of these 0 synthesized froma
conmpound cont ai ni ng an i socyanate group and a conpound containing a
hydr oxyl sgroup or a carboxyl group, a wi de variety of nolecul ar

designs are ma i y conbi ni ng these conpounds. Therefore,
t he urethanér%%§¥ﬁ§§ﬁr€h§P nononers are widely used as materials for

25 coating agents,Tiglheséyest £AabhAgonoRRASItEsOnD andipdiasine
products. Si nce_t he urethane ( ggggigglate mnoners are .
Synt hesi zed {8 b EBHPBARMCOTISF ATy Adt IOy AR EE Siotp BRESRT - In
conpound contgé NhAGs8nY dHQ¥N iSQURHY tirGarioxt hgi®Upnddhpscrylate
descri bed above, an acid congonent and a by-produced hi gh-nol ecul ar

p

wei ght LRpurfeRomeay” masdinbpRhhBrebhanfcr Tf e1 ha RO OMShY BE At s Bhane

mononers. Thy s aghd, $9PROASALERY or may not cause a problem
according to use pu?pose. For exanple, when a urethane (neth)acrylate

nononer is used in 2 a photosensitive resin, it does not cause a
probl em For,applhGakhoArKN a photosensitive resin, a urethane

(et h)acryl at e nononer having an acid value of not |ess than 5

mgKOH/ g is pref er abbryoruses wirefeare WA 2905h331932rame act ive energy

15 line and used in coating compositions include monomers having
a (meth)acryloyl group (acryloyl group or methacryloyl
group) in the molecule, such as urethane (meth)acrylate,
polyester (meth)acrylate and epoxy (meth)acrylate. Since
urethane (meth)acrylate monomers out of these can be

20 synthesized from a compound containing an isocyanate group
and a compound containing a hydroxyl group or a carboxyl group,
a wide variety of molecular designs are made possible by
combining these compounds. Therefore, the urethane
(meth)acrylate monomers are widely used as materials for

25 coating agents, adhesives, coating compositions and plastic
products.

Since the urethane (meth)acrylate monomers are
synthesized from a compound containing an isocyanate group
and a compound containing a hydroxyl group or a carboxyl group

30 as described above, an acid component and a by-produced
high-molecular weight impurity may remain in the obtained
urethane (meth)acrylate monomers. This acid component may
or may not cause a problem according to use purpose. For

example, when a urethane (meth)acrylate monomer is used in



5 JP:A 2006-201546). Therefore, a | arge nunber of urethane

(meth)acryl ate nononmers having a high acid value are avail able on the
‘mar ket . However, the acid conponent contained in the urethane
(neth)acrylate nononmer may react with anojher nonomer 10 conponent or
an additive conponent, thereby causing the coloration or

di scol oration of the obtained polyner in application fields other

t han phot osefsPhiFe sedsiiftd. vea nasthanet (#eeH) ek yraveengngreplem. For
cont ai ni ng aahgﬁg%_a%%%n&nofa Hh ARG S £OIPPRENE 80, haV1RgRalllegh aci d
val ue may 15 teriorate in storage stability, and there is roomfor

i mprovenent imethi scrodpdst monomer hipingxamplia,d ed ugppliral iless fhan
optical matetgi ich. e quu o I

product i ncl éd@gﬁ?gzgsjfg}n%efﬁ&g%%lghg%%ﬁl &%%f%k@aoagfﬁgc (()J(rélES ?%1r?e3e2t and
t hese 20 5 eqiPramenNs-2096 46Y) .a OThetrane o, et N)acyy | mirebepnofrenrashane
conponent of ,a osition for the cured. product 1s_effective.

Hovever , t he (EFE) EoABaReR TROITE TR ThiThe” U e haRet i Bhy B AT Fat e
mononer causgsathabdegoadaticomznfkareat her resi stance. Wen the

optical material is a 25 photochrpomc |lens nmaterial, t

. i d
conponent nay causlé'o‘f’ﬁ?éeﬁetté??o?%ﬁid?P“&ﬁo%erthd:tOdbtrﬁ'Jd?ﬁ%eld?ghe urethane

Therefore, thgeenscakgatoaddder MM pvesEat withhhfotBepeRbnomer

Si nce the high-nol ecular weight inpurity contained in the urethane
(met h) adidy| atEMRBABREN OFnéreasis tiHee FIBRTYE B0 RPTERY ABHERRE, thE
nmay make filthabi-gniopebat dQncf1dhe 1dies of t1ps Oges L ARAC RN ORERME 0
and conplicate. Further, this high-nolecular weight inpurity may
becone the capBéightaodefdsilidsainfyy eyt aoleC tpeepeiFoF FaREE1HF -t hR
ur et hane ( m&?ﬁe&sxgat@ew%@rﬂvﬁ@ Iﬁ%ﬂ@f‘%@ﬂté:?ni‘ﬁ?da' Nafgll hfBlnt
To cope with these problens, there is known a method of reducing the
anount of a &fghnnekédukcampasiegtit antpurdyindgya dhsgll e-hg Fadnet hawe
(meth)acryl a : cqnt ai.ni i gh- cu Lght : i bt y¥ALN
vt b1 Lol BF S Br R A D O et 1 e Shtar fegaon ok
solution to ampadsembent isuchiss ctpat ed carbon, a synthetic resin
adsorbent or activated alumna (refer.to_JP-A2007-6318 _.ln.this
method, it is considerddt ! Eg)rrt ?Eglléﬁiylv?ﬁejhnf |lv%%9%gaéﬁe§ﬁlarqg |Slleh
used, an acidscgponenttloanch® ialese retveda efdred entdductl GHovevier high
according to studies conducted.hy the inventors of t pr esent

i nvention, if%tHhaR9FBund ﬁatsrr\ﬁl‘}gn Sé_b‘ijir%ﬁ%% %I’%‘f‘r?ﬁa i U TReFR s
a case wher eréheibegbniel eculealo Vel ghte iHENY | e ClBNWOty Det & BN BEler as
conpl etely though the acid conponent, can be renoved. It is disclosed
15 in Exanpl 2sC8PPIPERL2667 26 SPRP AN Vhet Contlemt CpFed product 1s

hi gh- nol ecul @r et ght i MpaGEL¥rbecares .3 Hhnphee: Sitd Die@bidi fied
by di ssolving a uret hangﬁgmat h) acryl ate nononer containing 0.6 %of a

hi gh- mol ecul @FeWeRBRt (MABHY POF Vil I MATBIMS S Rt eTt e t@caterohien of
alumna. It M\@§t£8i"ngegﬁgka%gemeﬂh@nﬁi%h}‘ﬁt 'o‘ﬁul%i%falla el hale is a

(et h)acryl ate nononer containing no gh-nol ecul ar wei ght inpurity
i s cont &t edphotachirontedl e simaterihk, adtd satddcanpenaatiray idauscethe

and the filtg b acen ed.t edyce ha cr -
havi ng a red%%%%réélrée\ggﬁué%g%cgjrh@%n%to thi g&g&s rreq?h%%f a ég’uty%%g%s
of a hi gh- nokesal avomeifght imppumvemernis igontlal medesddecs. shows that a

g ol ecul ar vel ght 4 ITRY bidl  L B1 QSR HAELLAS, WERLNa0Ra o
adsor bent acgpe ditg:Hand hengtet nos wif a I iy 638Rases the viscosity
30 of the monomer, it may make filtration operation at the time

of production cumbersome and complicate. Further, this
high-molecular weight impurity may become the cause of a

deposit and may degrade the performance of the urethane

(meth)acrylate monomer when the monomer is used in a primer.



30 Dt SCLOSURE OF THE | NVENTI ON It is therefore an object of

the present invention to provide a urethane (neth)acryl ate nononer
‘having a low acid value, a | ow content of a high-nol ecul ar wei ght
impurity and 4 excellent storage stability and a process capabl e of
produci ng the urethane (nmeth)acryl ate nnﬁ%ner efficiently. The
inventors of the present invention conducted intensive studies to
attain the above dhj exipe Foltiedilre st tihy olbl.éms prideer¢ ol $ ekdueen tdhgnethod

anount of an_ acid, conponent and the t . of i.gh- rs Wel
Mpar ty, 11 ASESTTarhy Thetal B it el P S LR fly
hi gh- nol eculgy dveightvimpur idnetafdres (@retadsor behd t ¢ smeomeactethtaiming
uret hane (neth)acrylate noner, gont.ai ni.ng 1Q no hi gh- nol ecul ar .
wei ght i mpurd ty-9 Gfﬁfémkaarc ﬁﬁ?ud?]fgffyetl@néew?ﬁe]éﬁ%&lg%%t% FrLe
di fferent adsorbent snd beythewncq bae sbeninetimatech @b i aa avdsorbent
used, the acid conponent could be renoved |ike vapor but t%e
hi gh- nol ecul ket fhe cF hpakpely Caebrd nét Sbfé"q}lﬁﬁfgorec%]rfbl% gpypent or

wher eas when, 5 |t by atieshiGal bearuastdigeda 16e7 acs ds spnponerhieatk thod,
not be adsorbed but the amount of the high-nolecul ar wei ght irrpurirE:)L/na

coul d be redidces wwenidpeedi FhateRe& tsUladdty ol detdidehvatrd alu

activat ed Cai&é? ANd the agt E¥abedeAltUFLAaLES, | 88 efehdl & accouM ently .
is considered that the activated alum na has 20 excellent adsorption
abilitylfor the adlavemmporedtosihee £p ebHbdieRs conpcaledndtiert it

this crystal, 1S LAV ' e: by- ctipn, of d that wh
hi gh- nol ecul%&vﬁ%%ﬁ% éﬁpﬁ#%f@réﬁgﬁv%W%ﬁﬁ?ﬁg' regul ts g?u%t udi %s when
conduct ed bydtievatedntdnsing theupedsertthaneydt inraiwwidee there

is a connection 25 bet n.the t..of fer. go j i
sol uti on af t%g L TP %?&rrggf Wi Jt%ﬁ%tmr%%%d‘lsrglr nt‘a%:;l{lrcl3 p %?%ﬁrrg‘ﬂ%{i %#}E%Jh%tely
hi gh- nol eculatowdh gttie | aqold | ¢gmpoventedaandet hamothd. prbducs i dinsofosed

t he hi gh-nol ecul ar i ght _i gpuri a S ressed by reducipg_the
anount of mdtrbrE}E?)‘“éf?)geagt g?ﬁf\néﬁogﬁ%\?g%@e%q 2@? cl%%t%r?%sééﬁta
invention wasi ¢ehed whas@tt dmphhiix f bediorgs 0.3 % whEmab sslution

according to the present invention, firstly, there i rovi de

, S d a
uret hane (nE&REISH ¥ ADASREV LRIV PG TR G THHIYACILA0E Torgner
than 2,000 pypddBssigandsag ag¢i d high-molecular weight impurity in

ethanol is contacted to activated alumina. It was found that
20 when a solution of a urethane {(meth)acrylate monomer
containing no high-molecular weight impurity is contactéd
to activated alumina, the activated alumina is filtered, and
the filtrate is concentrated to produce urethane
(meth)acrylate having a reduced acid value according to this
25 method, about 0.3 % of a high-molecular weight impurity is
contained. This shows that a high-molecular weight impurity
is newly produced when the urethane (meth)acrylate monomer
is contacted to activated alumina as an adsorbent according
to the method of JP-A 2007-63189.
30 ‘
DISCLOSURE OF THE INVENTION
it is therefore an object of the present invention to
provide a urethane (meth)acrylate monomer having a low acid

value, a low content of a high-molecular weight impurity and



val ue of not nore than 0.2 ngKOH g. The content of an insoluble
conponent in a solution of 1 mass % of the urethane (nmeth)acrylate
‘mononer in tetrahydrofuran is not nore than 0.1 mass % based on the
uret hane (nmeth)acrylate nononmer and 5 the, content of a hi gh-nol ecul ar
wei ght conponent havi ng an aver age nnlecd%ar wei ght which is 3 tines
or nore that of the urethane (neth)acrylate nononer is less than 0.3
mass % exFaiihat, sdocaodi 5§ tiHey b entpTavensi oarabéeond! v,

there is proyj duci . s
10( et hy acr v G BURBREneH € S5 n FAZ iR S PEY T PR ShEE e i ctently.
first solution conflaéningeataret bdnéhemptde)s eady yilraten thiomo neendravt &g

an acid value of nore than. 0. . nd _an_organi ¢, sol yent t. .
mater-pontaih?ﬁﬁnﬁﬂggr%gﬁ?l 2 égggggﬁg£:§%ﬁﬁfﬁﬁagﬁjgng d%%gﬁﬁ%%%%%Eh'
150bt ai nsa sesobddsel ubi padcesat ahai agoantr efhanea¢idt bpmpoykateand the

nmononer having an _acid value of not nore than 0, . 2 K t he
organi c soIv%ﬁ?uﬁﬁdoﬁn?e%ﬁﬂgﬁmg%ﬁﬁ?%ﬁﬁn%§ﬁa Y %ﬁpﬁéﬁg¥gtggéa on the
uret hane (methyastybatedmneneizus20(d) iantaciing the second 86l uheon
to a dehydrat[ng agent to obtain a third solution containi g a .
ur et hane ( meRhYACRYLES LABNERES faviTiRP B A G d- 54l 3 D SHBE Rbr &5t han

0.2 ngKOH g, cth€a8f88NKkE 80LYeRha@Rd RRILHT Er § e MO OPNEHHBEShing
of water based on the urethane 25(neth)acryl ate nononer; and (3

renovi ng Ot henerghahcrnedpeade if Wermdtie AU o utihen Bhex Heh the
process, pre fff‘@!:&ncé“iﬁlr QFHC+S Y MU o rf U £F O DY N 86EHY R By deagen

is used as the organic solvent. Further, the water-containing
adsor bent capabheé tIGtadben iy vt ek pd vedmeoneptisiesl abh ¢ seYighaeepronent

adsor bent COQ&&iQiBg EE%E%@E wg&%rﬁgb5¥ﬂﬁﬁ¥\%ﬁéwﬁf%h—molecular weight

impurity could not be removed completely whereas when
15 activated carbon was used, the acid component could not be
adsorbeﬂbuttheamountofthekﬁgh—molécularweightimpurity
could be reduced. When the difference in function between
the activated carbon and the activated alumina is taken into
account, it is considered that the activated alumina has
20 excellent adsorption ability for the acid component since
it contains crystal water but this crystal water is involved
in the by-production of a high-molecular weight impurity.
Meanwhile, the results of studies conducted by the inventors
of the present invention show that there is a connection
25 between the amount of water contained in the solution after
a treatment with an adsorbent and the amount of the
high-molecular weight impurity produced and that the
production of the high-molecular weight impurity can be
suppressed by reducing the amount of water to a predetermined
30 value or less. The present invention was accomplished based
on this finding.
That is, according to the present invention, firstly,
there is provided a urethane (meth)acrylate moncmer having

a water content of not more than 2,000 ppm (mass} and an acid



In the present invention, the content of the high-nolecul ar weight
conponent is a peak area% obtained by gel perneation chromatography
‘(GPC) neasurenent which will 6 be described in detail hereinafter.
In the present invention, the above "high-nol ecul ar wei ght conponent”
may be referred to as "high-nol ecul ar weight inpurity". The above
anount of water is based on the mass of the urethane (neth)acrylate 5
mononer . BESTa MDBEC FORCEARRYENGHAUT OFHE moENT ONThe contmidoreli it o

the process orﬁ]?gfgb?geg oﬁgg@%gnsoiggkgnp&ﬁ% RLesto 9bt 8k Aethane

ur et hane (rrejt acrylrate noner having a | ower acid value froma
ur et hane (netigekfytayeéatenonermkavingtehrabiydredlugenofismopé nhaa ohan

mgKOH g. The, process j s _describ ste st ei.ou r.
<ur et hane (et )I‘%\acﬁll°a?°§Sr?ocﬁ8r?er%gﬁa?/f%58énﬁ/a§1§?9§§)ﬁgg ?ggfe FETROET and
nore thasg 2,008 opmténass] ardgin-meldcvbbneweighot compenthanh8v2ng an

ngKOH g> The preferred urethane (\neth | at int
present nv&Y?Bﬂg%’gogﬁcpiﬁFeg’gﬁﬁg W(’IEE% :]ngﬁ g%?%egs F%{]Or%n‘f?%e I(%l'—?lpec’f
(1) 20 (In the @homeador dith) £ By Ba €e eReiohadenpendast thaan ol Btiegess .

[
(
of 1 to 3, b, ¢ and d are each independently an integer of 0 to 10
Rl- is a hydrogen @i%h? FetBA°TGHdtH oS ?%%%F@%’?n%opo $€condly,

tetraval ent @ghdphaid G A QERTD @ o4 o\ﬂnFQBdG&in@a‘l{ﬁeaaﬁébétthi:éf@lméme
R3 is a divalent organic residue selected froma dival ent group

havi ng 4R ar GreERtagrrgats BOPANERr GOIRF S sF¢phatfe ring

and an al kyl 9k 4nbSaardinv@l @l \QHGRNI eSSy S& eféellahéom
a dival ent gtrai(;ﬁp 3%33%8!3(3%0' yet her gt rlqct ure, a divalent groélijp
havi ng a pol ycar bonatle) scrydetieenemnenear diavdlrshan groifp vRaergt gore than

et o s o % AT PG S PUBn Y S o Sdon s LoD
adsorbent capable of adsorbing an acid component to

15 obtain a second solution containing a urethane
(meth)acrylate monomer having an acid value of not more
than 0.2 mgKOH/g, the organic solvent andmore than 5,000
ppm (mass) of water based on the urethane (meth)acrylate
monomer;

20 (2) contacting the second solution to a dehydrating agent
to obtain a third solution containing a urethane
(meth)acrylate monomer having an acid value of not more
than 0.2 mgKOH/g, the organic solvent and not more than
5,000 ppm (mass) of water based on the urethane

25 (meth)acrylate monomex; and ,

(3) removing the organic solvent from the third solution.
In the above process, preferably, an organic solvent
containing no active hydrogen is used as the organic solvent.
Further, the water-containing adsorbent capable
30 adsorbing an acid component is an inorganic adsorbent
containing crystal water or adhesive water.
In the present invention, the content of the
high-molecular weight component is a peak area% obtained by

gel permeation chromatography (GPC) measurement which will



In the above fornmula (1), R2 is a divalent to tetraval ent aliphatic
hydr ocar bon group which may have a substituent. The aliphatic
thydrocarbon group is, for exanple, a linear 5 or branched aliphatic
hydr ocar bon group haV|ng 1 to 10 carbon %§ons Exanpl es of the
substituent for the aliphatic hydrocarbon group include an al kyl

group having 1 to 4 carbon atons, al koxy group having 1 to 4 carbon
atons and pheaabesqgridp] 1ﬁh&’s&ubbhem@emaft§mr eflar &l pre segtthypvention,

010U, TRt 20, LT BB g, conp A1 58 RSBt gres

of the dival at'i on group inc

al kyl ene gr 0@@53§mhhgalsmm1emdlmnEwga@hm mphyhewé gr Dop, alpropymenat of
group and but Iene rou and hatlc rocarbo rou

represent ed Y8 ¢H ¢ eb3§89eopo q%gj}s %fc#h Fh%F% LATEY bgte
resi due sel egbgdmbrom a di val ent group haV|ng an aronatlc ring, a

di val ent group having an aliphatic ring and an al kyl ene group. A
description is subsequently given of the divalent group represented

by R3. 25 di¥grenbpdr eUR BAWRYI NN UONELE CINVIgrIoN  Exanpl es of
the aromatic ring include benzene, biphenyl, diphenyl methane and

napht hal ene. The H@Wﬁoﬁﬁlﬂﬁetﬂlmﬁﬁ(Qﬁo%ﬁ%ﬁu?ﬁn&?eb8r§§?§5héav?8tﬂﬁ§' it

aromatic ringg %5gg&bieoEoVb%t%1??EﬁMi@gﬁhéHéNWhegm?aé£9ﬂBEéCmbhaﬁer
may or may not have a substituent. Preferred dival ent groups

havi ng a0 arlbaeing gi hgware acdst editce I thar Forhae ngrebhharayglats
(Ra) (CEI On (RN LERAM IR (HA 0T ARRE RN 2 ®dko/g.  The

process is described step by step hereinunder.

<urethane (meth)acrylate monomer having a water content of

15 not more than 2,000 ppm (mass) and an acid value of not more
than 0.2 mgKOH/g>

The preferred urethane (meth)acrylate monomer in the

present invention may be represented by the following formula
(1) .

w AR A i
4Lrownmm WMTEWJ 0 WRVNWMTNRSmrQW(ﬁH* )
20 0 /4 o] 0 O /p 0 O Je¢ |40 0 a
(In the above formula, a’s are each independently an integer
cf 1 to 3, b, ¢ and d are each independently an integer of
0 to 100, R! is a hydrogen atom or methyl group, RZis a divalent
25 to tetravalent aliphatic hydrocarbon group which may.have
a substituent, R® is a divalent organic residue selected from
a divalent group having an aromatic ring, a divalent group
having an aliphatic ring and an alkylene group, R! is a
divalent organic residue selected from a divalent group
30 having a polyether structure, a divalent group having a
polycarbonate structure and a divalent group having a

polyester structure, and R® is a divalent group having a urea



(CH2) n( CHA,

10(In the above fornmulas, Ra is an al kyl group having

1 to 4 carbon atons or al koxy group having 1 to 4 carbon atonms, mis
‘an integer of 0 to 3 which indicates the nunber of substituent Ra's,
and n is an integer of 0 or 1.) Qut of tQp di val ent groups havi ng an
aromatic ring 15 represented by the above fornul as, groups
represented by the followng formulas are particularly preferred. 9
33 di vatd@end gr oapdhsail rgtayraiipphaiing isngirethane bond.)

10

15

20

25

30

Intheaboveformula{1),Rzisachwalenttotetravalent
aliphatic hydrocarbon group which may have a substituent.
The aliphatic hydrocarbon group is, for example, a linear
or branched aliphatic hydrocarbon group having 1 to 10 carbon
atoms. Examples of the substituent for the_aiiphatic
hydrocarbon group include an alkyl group having 1 to 4 carbon
atoms, alkoxy group having 1 to 4 carbon atoms and phenoxy
group. The substituent is preferably amethyl group, methoxy
group or phenoxy group.

Preferred examples of the divalent to tetravalent
aliphatic hydrocarbon group include alkylene groups such as
methylene group, ethylene group, propylene group and
butylene group, and aliphatic hydrocarbon groups represented
by the following formulas because their raw materials are

easily acguired.

Cl;Hz_ CHQ""O"‘Ph CH2_
_CHQ'_CH _"CH2_CH _CHz_?_CHQ—
CHQ— . CH2“‘ , CH2_

Iﬁ the above formula (1), R® is a divalent organic
residue selected from a divalent group having an aromatic
ring, a divalent group having an aliphatic ring and an
alkylene group. A description is subsequently given of the

divalent group represented by R3.

e divalent group having an aromatic ring

Examples of the aromatic ring include benzene, biphenyl,
diphenylmethane and naphthalene. The bond of the divalent
group may be attached to the aromatic ring directly or via
a methylene group. The aromatic ring may or may not have a
substituent. Preferred divalent groups having an aromatic

ring are represented by the following formulas.



Exanpl es. of the aliphatic ring include cycl ohexane, hydrogenated

bi phenyl, hydrogenat ed di phenyl met hane and 5 bicyclo ring. The bond
‘of the divalent group may be attached to the aliphatic ring directly
or via a methylene group. The aliphatic r%ng may or may not have a
substituent. Preferred dival ent groups having an aliphatic ring are
represented by the follow ng fornulas. 10 (Rb)s(Rb)s c5 (CH2)t (CHA
10 (Rb)s(RGs (0-12)t(Cl-12)t (CH2)t- (CHA (In the above fornulas, Rb
is an al kyl group haV|ng|1 to 4 5 carbon atons or al koxy group haV|ng
l1to 4 carboglQ tons, s n integer of 0 to 3 which indicates the
nunber of subS#iM.ue 2mand t is 0 or 1.) Qut of the

di val ent groups Hg g an aliphatic ring represented by the above
formul as, groups nepresented by the 10 followi ng fornulas are

partlcularly prefer d 0 -CS-CH
(Ci 2)n

(Ra)m

00

CHz)n (CHz)n

5
(Ra)m
(Cth (Cth
(Ra)m (Ra)m
(CHy),  (CHa),
/ AN
10 (In the above formulas, R, is an alkyl group having 1 to 4

carbon atoms or alkoxy group having 1 to 4 carbon atoms, m-
is an integer of 0 to 3 which indicates the number of
substituent R;'s, and n is an integer of 0 or 1.)
out of the divalent groups having an aromatic ring
15 represented by the above formulas, groups represented by the

following formulas are particularly preferred.



QC1l-12- s3 CH3 CH2-CH3 CH2- ' _o._cH2 0_  alkylene group 15The

al kyl ene group is preferably a linear or branched al kyl ene group
having 1 to 10 carbon atoms and may have one or nore methyl groups. A
| i near or branched al kyl ene group having 1 to 6 carbon atons is nore
preferred, as exenplified 11 by nethyleﬁb group, ethylene group,
propyl ene group, butyl ene group, pentanethylene group, hexanethylene

group and the foll ow ng oroups CH3 , CH3CH3 CH3 5 In the
above formula (1), R4 i di va t orga resi due fed froma
di val ent grou o@ i ng oI y uct : fl val gr oup havi ng
a pol ycar bonat ructhere and 3 a|va ot e avin pol yest er
structure. A CHy—

CHa CHj

0

e divalent group having an aliphatic ring

Examples of the aliphatic ring include cyclohexane,
hydrogenated biphenyl, hydrogenated diphenylmethane and

5 bicycloring. The bond of the divalent group may be attached

" to the aliphatic ring directly or via a methylene group. The

aliphatic ring may or may not have a substituent. Preferred

divalent groups having an aliphatic ring are represented by

the following formulas.

(Rb)s /—\ ((l-:HZ)t
N

(%th

Rb)s (Rb)s

<H>

(CHz)t (CHZ)t
f



10 description is subsequently given of the dival ent groups
represented by R4. dival ent group having a polyether structure

This is a group derived froma pol yet her polyol conpound 15 or a

pol yal kyl ene pol yol conpound, preferably 13 di val ent group represented
by the following fornula. - OR7TOR8 )O In the above formula, R7 and R8
are each independently an al kyl ene group having 1 to 10 carbon atons,
and e and f aq 20 each,;ydependently an integer of 0 to 50 but
cannot be 0 at ﬁe same tinme. R7 and R8 are each preferably an

al kyl ene gro
met hyl ene gr
pentanethylen roup

gr oup, propylene group, butyl ene group,

V|ng 6 carbon atons, as exenplified by
y#éée
an exanethylene group. e and f are 25 each an

i nt eger of prdﬁéﬂably oK%btzo particularly preferably 0 to 10.
di val ent group haV|ng a polycarbonate structure This is a group
derived froma pol ycarbonate polyol 30 conpound, preferably a

di val ent group represented by the 12 followng formula. 00

OR9- 0- 8Ri 0- 80R9- o- &grg the above fornula, R9 and Al are each

i ndependent| y/a
atons, g 5 i

. hydrocarbon group having 1 to 20 carbon
an ynteger of 1 to 50, and h is an integer of 0 to 50.

A9 and Rl are h preferably a divalent group derived from an
al kyl ene group ( 6&)ng_l to 6, carbon atons or a bi sphenol having 13 to

20 carbon atons

exenplified by nethylene group, ethylene group,

propyl ene groypy, PH&y£889e9f8PHu1%Q PRD qy%ﬁhﬂ#ﬁ?%g*ﬁﬂ&;hav1ng 1 to 4

hexanmet hyl ene group and groups represente

CH3CH3 5

10

15

ng fornul as.
carbon atoms or alkeoxy group hav1ng 1 to 4 carbon atems, s

is an integer of 0 to 3 which indicates the number of
substituent Rp's, and t is 0 or 1.)

Out of the divalent groups having an aliphatic ring
represented by the above formulas, groups represented by the

following formulas are particularly preferred.

G o G Q.
S-S

CHy— CH; CHy— 7

¢ alkylene group

The alkylene group is preferably a linear or branched
alkylene group having 1 to 10 carbon atoms and may have one
or more methyl groups. A linear or branched alkylene group

having 1 to 6 carbon atoms is more preferred, as exemplified



g istan integer of preferably 1 to 20, particularly preferably 1 to
10. his an integer of preferably O to 20, particularly 15 preferably
0 to 10. divalent group having a polyester structure Thi s
is a group derived froma polyester poly L conmpound, preferably a

di val ent group represented by the follomf g 20 formula. ( 00 ---
OR110_8_R128-0R110 In the above formula, R11 and R12 are each
!n?ependeptgyyaﬁeahyygﬁeeggbupp kaviyignk tgrdi(p cgribary Btroasgroups an
i nteger o or 1, and | is an_integer.of 1 to 50. .25R11

each preferd%??yé%nﬁlﬁ§%ﬁﬁe BFBGBmﬁggﬁ&ﬁnf ﬁ&%#ﬁnuﬂﬁﬁF%ﬁéﬁiéggé §tSup
exenpl i fied hyqnetdyFenecgraupgretulyl.ene group, propyl ene group,

butyl ene group, pentanethyl ene group and hexanet hyl ene group. j is an

13 integer of preferably 1 to 20, partjcul afiig preferably 1 to 10. In
the above fo (1),/%B7f§\a di val eht ~gro ving 5 a urea bond or
a dival ent group having acuiethane bond.Cry cription is
subsequently gi Ea of the dival ent groups represented by R5.

di val ent cgroup having a urea bond 10This is a group having a urea

bond (-NH-C(-0)-NH) in the nolecule, preferahly a group represented
by the foll owi ng flor ntit@. abeyeHEoonuRa3¢l), R® 1s a divalent organic

residue selected from a divalent group having a polyether
structure, a divalent group having a polycarbonate structure
and a divalent group having a polyester structure. A

10 description is subsequently given of the divalent groups

represented by R%.

e divalent group having a polyether structure

This is a group derived from a polyether polyol compound
15 or a polyalkylene polyol compound, preferably a divalent

group represented by the following formula.

<0R7) (OR8 ) o—

e f
In the above formula, R’ and R® are each independently an
alkylene group having 1 to 10 carbon atoms, and e and f are

20 each independently an integer of 0 to 50 but cannot be 0 at
the same time. R’ andR®are eachpreferably an alkylene group
having 1 to 6 carbon atoms, as exemplified by methylene group,
ethylene group, propylene group, butylene group,
'pentamethylene group and hexamethylene group. e and f are

25 each an integer of preferably 0 to 20, particularly preferably
0 to 10.

e divalent group having a polycarbonate structure

This is a group derived from a polycarbonate polyol

30 compound, preferably a divalent group represented by the



00 (i1n the above fornula, R13 is a dival ent hydrocarbon group.) 15In
t he above formula, the group represented by R13 is a divalent

‘hydr ocarbon group having 1 to 20 carbon atons, and preferred exanpl es
t hereof are the same as those enunerated.for R3. Qut of these, it is
preferably a dival ent group having an alﬁéhatic ring or an al kyl ene
group having 20 1 to 10 carbon atons. divalent group having a

ur et hane bonflollowing foFmuda.s a group having a urethane bond
(-NH-C(=0)0-) in the nolecule, preferably a group represented by the
25 followi ng fornula. @ In theghb ve formula, R14 is a divalent
hydr ocar bon g(qgga;dJﬁé}é&@h@k&ctg;nubg?—the group represented by
R14 is a dival\ent hydrocagbon group/having 1 to 20 carbon atons, 14
and preferred exanples thereof are the same as those enunerated for
R3. Qut of thgsenel hbbveprrefanally @ dnwalréhta s ospchavhagpandently a

aliphatic ring or an al kyl ene group having 1 to 10 carbon atons, The
ur et hane (ne@gYQéPVFaP§dﬁ8ﬁ&ﬁ9°Q59£QHHNQﬂﬁ§n%b¥aF%e§6iﬁafh%np?Egﬁﬁt g

i nventiony i s; gepresapbed rbyrt he abaie faidnH ai £ 13n ande 85y r cont @i Boaso.
2,2,6,6-tetragegg%lprerldlne skel eton or a 2,6-di-tert-butyl phenol
skel eton i n RhantbRecdke erFhprefiensdlonet Al vadeptage onpnarer VREvEREM

an acid val ug,o 1 €nL h@Ro 06 2n ABIEH %0 6 bBIe BN @Rea bisphenol
(meth)acryl a e %%n er d@e% gs a raw naféri&aﬁ n tﬁézgéocesg O%S?he

present invehavdnghad &n &6 ¢ardiane adfomfor &% e bi kgkdHpy, mahly4ene

comercially ila r t T

ur et hane (negﬁ¥§%fy?gﬁgigg%bgg#ﬁﬁayqﬁ%ﬁﬁggﬁﬁ%égiigphbgﬁgagggﬁo ggg?'
The ur etltanepénethabyyeate grengnehdranaithahere i grvap uandf grorest han
0.2 nmgKOH/ g nay_be simply. referr to .as " rial urethane
nononer " herﬁ?%ﬁ??gp%ggoﬁ C%P& %? ¥ Eﬁ?;ﬁéﬁéggggf t he present
invention, it CH;,

g is an integer of preferably 1 to 20, particularly preferably
. 1to10. h is an integer of preferably 0 to 20, particularly
15 preferably 0 to 10.

e divalent group having a polyester structure

This is a group derived from a polyester polyol compound,
preferably a divalent group represented by the following
20 formula.

AT
—OR"[H-0-C~R'?—C-OR""1-0—
A :
j

In the above formula, R*' and R'? are each independently an
alkylene group having 1 to 10 carbon atoms, i is an integer
of 0 or 1, and j is an integer of 1 to 50.

25 R!! and R'? are each preferably an alkylene group having
1 to 6 carbon atoms, as exemplified by methylene group,
ethylene group, propylene group, butylene group,

pentamethylene group and hexamethylene group. J is an



is possible to reduce the acid value of a urethane (neth)acrylate
nononer having an acid value of nore than 0.2 ngKOH g to not nore
than 0.2 ngKOH g. Al though the upper Iimt of the acid value of the
raw nmat eri al urethane nononer 25 is not Egrticularly limted if it
exceeds 0.2 ngKOH g, when the production and acquisition ease of an
ordi nary urethane (neth)acrylate nononer are taken into
considerationqte@emxmﬁmgréfeﬁabls labouf 030pagkdHlg a rTlye paeife redllye Lok o
t he raM/nate£ ur et hane nonomer which can be advant ageously used 30
in the process of the present invention is preferably nore than 0.2
ngKOH g to not nore than 25 ngKOH g, nore preferably nDre than 0.2

KOH g t t th P | arl
adsor bent cont af ni il vy PEP AL EPURF Ghhedt ve\Ear e W< SHCLH TRER

step (1)s ifatlhhee@%@lndlérval deveiehbegraupnaierhgl aunethaneenboager A
is too high, there is a case where the acid valu Sﬁgqﬁiggf r educed.

Therefore, tIRSFEWPHAPRY i8] SUPSERATS tohsHgie &Rk groups
pref erably hﬁ%;f@s@ﬁtédVB&Uﬁspf nore than 0.2 ngKOH/ g to not nore
than 5 10 ngKOH g. To produce a urethane (nmeth) acrylate
nononer froma raw material conmpound for the production of a

urethane, ang ag{¢apPind §abhpt RERARK 15 BeneRldy used as a catal yst,
as exenpl|fred“%y—TnUTggnrc—acrdS"é%Ch—as—hydTUthIorlc acid, 10

sul furi é0aci d and Hiig iie &cigdover §aniadaei dsesuepngs! sWﬂT%rhr@ alfg) in
oxyaci d and Gal hoyx ¥3|c'ucieac gef@'ﬂgb 5" A §e .fceggn‘eég ‘Eh%cfcglﬁé'ﬁfng
as n-butyltin dilaurate, opper ena |nc napht henat e and
tri-n-butyl tforrmahlari de. Therefore the aC|d val ue of the synthesized
uret hane 15 (meth)acryl ate nononer becones hi gh because an acid
conponent deripned Hron1th&1catHIyst remains in the nononer.
(Meth)acrylic acid, erlveq“fro a hydroxyal kyl (neth)acryl ate
conpound as & a@r at@fdal ygnpound for the production of a urethane
also remains in fihe urethanel20 (neth)acrylate nononer, thereby
i ncreasing the aeid val ue. &nce the urethane (neth)acrylate nononer
contai ns an aC|d conponent_ derived ffaomthe, catal yst and an_acid

PrpitALraE, by

conponent suth? ¢ CadPFIid-2acfd 4 YRLERS, DYRECGRFROD P TRB Y

the ureghane (et ppamd aikF@noimiuld AvHBtErdgh tepideneced by RY is
nononer) exceeds 0.2 ngKOH g. When the urethane ( neth)acr

nononer i s u%e%@%%l%ﬂFaﬂﬁﬁﬁ?éﬁ?&Pnoﬁrﬁuﬁh6?6@%%%|%{W%:¥e§¥%gb%p atoms,
uret hane (megfy 3§fé(f§£§eHDBQ%F>l@%V't%&JH HrAGiKk Ve 45 UREYe
Therefore, urethane (neth)agrylate nmononers having an acid val ue of

10 to 50 30 mgnm@tedefcaw.ﬁ I abPet rf thesear ketis preferghly g @iyahent
desired that_a cur duct 0 [ 18,4 8L B&Hen
(neth)acrylé% 1%%&%%%$£ h%ﬁl%P %ﬁégggcg e%yg%%ﬁg%ﬁgn It ?s ugeda¥lng
a longtkAe. Tocarekd tcarbent heomaw naterlal ur et hane nonaner is
preferably synthesized 16

e divalent group having a urethane bond

This is a group having a urethane bond {-NH-C (=0)0-)
in the molecule, preferably a group represented by the
25 following formula.
H H

1 |
/N‘*C.’O\RM/O‘\C’ N\
11 I}
O O
(In the above formula, R is a divalent hydrocarbon group.)
In the above formula, the group represented by R is

a divalent hydrocarbon group having 1 to 20 carbon atoms,



froman alicyclic isocyanate or an aliphatic isocyanate. This

uret hane (neth)acrylate nononmer is generally called "non-yell ow
type". When a raw material urethane nononmer having an acid val ue of
nore than 0.2 nmgKOH/ g is used, the 5 proigss of the present invention
is not particularly limted. Wen the above urethane (neth)acrylate
nmononer synthesized froman alicyclic isocyanate or an aliphatic

i socyanat e igndiseteféheepr egasplefs ttheqpreSente ithentamn zanthese

advant ageously enpl oyed, 1Q0Qut of r terial .urethane n

raw nat eri alelﬂlﬁl%?ﬁ%ﬁégn%‘?%%er h(gleﬂC rP?N 5ﬁ%egc?r'yf'léﬁs é)lrg?%rrag:&f EI;&JSC%%Q%ISK
a M chael adgdithemaeacyi &R 4Diphediuceranyi gh-awl £Tky denaeggbtp having
inpurity. Therefore, a urethane (neth)acryl ate nPno%gar ) nihesized bg
usi ng a hydrbx§al Ky 1cHBY AeCMEped 1S CHTHPAR NG IR EY +aF S monomer

ur et hane5mri9fr§fe§é(]51i?e<%@§ﬂn@bi UsitHe %ﬁ:@)é%@x)lﬁir@)ﬂti%ﬁr ybat&presented
2- hydr oxypropyl acrylate or 2-hydroxy- n;ﬂ}e)henoxypr opyl acrylate is

preferably usedthe abovghfoppgdass 1df afe preseEttdHvehti on can be

advant ageouss y, gpg0 s?r%\@@h 1AWJTRLEN Al s MRt fene frononer 20
having a plurality o nmet h) acryl oyl groups in one nolecule is used,

nore speci f i 2abt¢inhentabnawliphesdlals kalatgnel hroHoRero aGihg- 2 to 6
(met h)acryl oyl groups in one nolecule is used. As described above, it
is considered that a raw material urethane nononer having a plurality
of 25 (mét h)acrytbyhe gimerigs) acagdl & e causes nhifvihgan agdicdt yahue of more

reaction to produce.,a hi.gh-ml ecul ar weight inpurity. Therefore, the
process of tﬁéa%rgsén?‘gkggé%?i on provides an excellent effect when

t he above raw nat erhal uteehinae (nmenbyecriyd atsehor@dfeur tumrd d$hea raw
process of the present invention can_bg advant ageausly .e e :
a raw nat erir&?t%%? a]ﬁé%é’r?@rcel‘?aﬁlf’ﬁgg%er%ﬁee% rl%%lrb%{g)%?y afgsﬂ’?%&d
100, 000, prefgrablyr 30Q< ens8, 000, marwie/ @y efret abtymd80ctalby0daitable
used. The nol ecul ar weight of this raw materjal uretha nononer is

17 a vall@e caredyratebNersRtt AdY ya;éoofbet Hjeseéi&'omT éiﬁetrﬁ}airheg-the
nononer. The rav, PRESLE a8k cUREhBARE RBHOREr phavibedt B¢ abknewnopesobas.
wei ght has high viscosity. Accordi ngﬁto an estimate, by the i_nven&ors

of the presehheidaiann, (Fethkasryhpke IR hI AT HE ath&sichgalue of
organi ¢ sol vgnt. i snLAMRY9dme&oM /hagly afldidigi § eacté PReQCESr &8s “raw

bet ween nol ecul es, thereby producing "a hi gh-nolecul ar wei ght inpurity
whi ch is crosaténked hirghhdineemsinamedy hempked b - it is consi dered

t hat Wh%@pt he solvgllo ) 3; Ghadyally JRImued AndntOpLhechtoingahesuhar ic
wei ght i'mpurity is produce romthe raw materi al “uret hane nononer
havi ng hi gh ¥$spossilplet he viestasi thheheovitbsval gh of adt REAFNGNGI t h

the result that ost-treat nen kcated. . Si h
process of tHrgebgéggﬁylia%?e%??8}fllegglﬁgﬁ%%%gcgh@%;ggu(g?imoor?é;?%taheg'2
15 hi gh- nol eggik@n /@etghhoicnmuidrdet yohart QrovighaH An. exdaii@rgh effiectpper

et s oy TR 87 At SLNANSaTRA00R R8NP RE 309 B ERhERY Rbnomer
25 is not particularly limited if it exceeds 0.2 mgKOH/g, when
the production and acquisition ease of an ordinary urethane
(meth)acrylate monomer are taken into consideration, the
upper limit is about 30 mgKOH/g. The acid value of the raw
material urethane monomer which can be advantageously used
30 in the process of the present invention is preferably more
than 0.2 mgKOH/g to not more than 25 mgKOH/g, more preferably

more than 0.2 mgKOH/g to not more than 20 mgKOH/g.
pParticularly when an inorganic adsorbent containing crystal

water or adhesive water is used in the step (1), if the acid



In the present invention, the raw material urethane nononmer has a

ur et hane bond and a (nmeth)acryloyl group in 20 the nolecule and is
synt hesi zed froma conbi nation of a polyisocyanate, a hydroxyal kyl
(meth)acrylate and optionally a polyol cggpound and a pol yam ne
conmpound, and a commercially available uréthane (neth) acrylate
nmononer may al so be used. Commercially available raw materi al

ur et hane 25 nehofers tacer givvest ¢l alvugehage measaefnd s e Mgkt ethere

monomer s man%é%c&gr dwlt?grghd}ﬂe %@%é;Fg%%f%%ggredIJEgd Suflh'eféﬁ%‘%e,

aigo U-4HA (hon- | owed type ecul ar wei ght
of about 600ﬁhemléudlagerwa&Hn(mrdm1y@hb@m@rtly§)e¢m'@@netda@@rlyreﬁerably

groups, nol ecul ar wei abo t 600), NK O n

type, 6 acrykll% I r %‘3 V‘—:I(r)rll) U an}o%ltg j%‘&ﬂ{&%&& RBﬁKI%&EQV‘%Han
U-6H (nos- yel b omerdotiype, 6 net hacryl oyl gr oups mol ecul ar wei ght of
about 1,000), NK A igo U—108A eI | o 18 type, 2 acr

groups, nol ecul ar T/\%%&ﬁ’t 5 & %aﬁﬁyg]oégﬁ T??Rme% PYbin a rau
(non-yel | onedat ¥pealZ2catpyhayl f@foﬂh)@,pﬁmitﬁﬁtli@rﬁ orisgbireghadlequn acid

1,100), NK digo U 2PPA ( non- el | owe
acryl oyl gr oups, Aofactl Epeﬁﬁé’l gHiS &‘er’fo‘?%]tl%dbﬁe‘j NKE O i gAY 8B 1S

(non-yel | O\A/eéxéﬂ{ glfzea%s((z ONlo r@fz0URS adl LG eI IgPdr &EnBOPUE acid,
1,000), NKAigo 1101H (6 acr onI groups, nmol ecul ar wei ght of

about  13800)SuNEer &Fjafot UANGLPA FBCa%‘?WoVIrg@ﬁ’d&p§Clﬁﬁl%&ﬂéls et §aRic

of about 800).; &IKQDkggcyé é%%ca%cﬁ%l@&ry‘sl&}’ch M QY PRe t AD! 8§VEAT of an
wei ght of about 4,70 A igo UA"4200 (2 acryl oyl groups,

mol ecul ar vvefplg@@n@f- aﬁédt SPCIBO@)S AP NEG AN bl LU ZA0D, (2OBREY| oyl
roups, moleg¢ t b {

?mnolrorers ITB.I’]U%% ur e%gg 9%8%@%9%{%@ 5 Hﬁ?ilﬁié“rg%@)rl@g%é&ﬁ&g

AH- 600 (non- ’yledai‘@ﬁ\edetypbe aca@lr yladyle grioupdss mmﬁmed\/eughth@ﬁe

about 6 , Al type cr r

ne ant o anblt 0oy Y LY Bor B Bt WL SECHREs 22 ST

groups, nol e@cbmla@nmtg&érbfredbbmmaﬂoe) ,ca2@IAr=h0 Iden(@iors el theedohyper.

4 met hacryl o ou mol ecul a h f about 700), - 306H

(non-yel | om@?%éagéyé&fzyﬁfﬁfi éire&&ﬁ%dt r%o&ﬁ my%k?%ﬂ?%fabout 700)

and UA- 3061 (methygtlonedet ¥pRpotnaceyl aytagroapsrianl esupanndefght the

of about 800), and 25(3) _urethan met h) | at e noponers
manuf actured-:”E)?/d‘EﬁF2‘;%1g eyt écuéﬁt?’aig_“t@d qﬁ& SR ER Y 199 urethane

(non-yebhowegnd ¥Reac2ya&E¥! A¥hofE@UPSheFBbeCHhalWRli gt thE abodtvalue.
1,500), Ebecry1210 (2 acryl oyl g@oups nol ecul ar wei ght of about

1,500), Ebectinaogoke (Worthie olathiperybaleatpPPBgr §PBLpsns an acid
ol ecul ar mé&%oﬁénébaéquvegogkonﬁ%@lg kA dinothy eld et tydRpoRent

acryl oyl groups,
such as (meth)acrylic acid as impurities, the acid value of

the urethane (meth)acrylate monomer (raw material urethane
25 monomer) exceeds 0.2 mgKOH/g. When the urethane
(meth)acrylate monomer is used as a raw material of a
photosensitive resin, a urethane (meth)acrylate monomer
having a high acid value is used. Therefore, urethane
{meth)acrylate monomers having an acid value of 10 to 50
30 mgKOH/g are available on the market.
It is often desired that a cured product obtained by
polymerizing a urethane (meth)acrylate monomer should not
be colored even when it is used for a long time. To meet this,

the raw material urethane monomer is preferably synthesized



nol ecul ar wei ght of about 800), Ebecryl14858 (non-yellowed type, 2
acryl oyl groups, nolecular weight of about 600), Evecryl18210
‘(non-yel |l oned type, 4 19 acryloyl groups, nolecul ar wei ght of about
600), Ebecryl18402 (non-yell owed type, 2 acryloyl groups, nol ecul ar
wei ght of about 1,000), Ebecry19270 (non1§ellomed type, 2 acryl oyl
groups, nol ecul ar wei ght 5of about 1,000), Ebecryl1230 (non-yell owed
type, 2 acrykpyh 8houpscyfoheculsak yaeiagh caf aﬁxnﬂ1§h£MEb 1socyanate.

Ebecry18201 (non-yel | owed typ 3 acrylo ou nol ecul wei

of about 2, 1D0}SaR8cEBRRFY1BE6H @ﬁgﬁ’%ﬁy&{*ﬁg}jﬂ?%&s AT %/Y yeediiea
groups, nDle®H&ﬁL @@ﬂghtty gf .abgHEn1a3@8). materialThe d@uimmtesidher
ur et hane nonomer %as a nmol ecul ar wei i npur nt ent

c
preferably n@@vh@@ealﬂh%l‘ﬁl Va%uﬁagg%lorﬁo%éa‘br%f%r%%%?Hggolﬁa‘é@/g the
(detectign '%ﬁ& of (FPCHABASW SrERL vehews Pek oWt pBYtisng ra yr Biviited.
ane

material ure nmononer 15 having a | ow content of a high-nol ecul ar
wei ght i npurWhen the aheve yixgthare f (MR )2 oby b2 he CIPRYBEE LS Fahh el zed

easi |y nmade h r a AHEE
bref e ably HAEon TR U R ey or o e T a2 B00. pom (oo e

20 | ower I|n1n$ed)f the mpeesaomferttha PIEYYPH (lm‘é%r)t¥@ét‘é@tl|]@ﬂ limt
of the measur ]L. of ouat er e%?ﬁt shown bel ow). O dinary

comer ci al | y ‘\7%? 3Bre pr ve a water content within the above
range. Tioe pr esentomm\m?ntnaonmra&@lmasl ulre theing vangsesfs t herpawa@berial

mat eri al urethane nononer h_has an acid u

myKOH g and ‘FE?FH%PQSIHBB?IQE% aYﬁggp?Bdﬁ%fVlgﬁhf Sgghpg}gégdwgufguges =
wei ght i npurit ¥nad® ald ot ot hisacalijeecto Ibf@d@cecaehsghf—mbﬁuecpdese\meight
i nvention conprises the follow ng steps:, K 30 acti afirs

sol ution conpPFPYFhGYa utRthahere(ndt H)@egg @G?FM r]‘r('l‘fla Ay En
acid val ue OéyH’@hés&Eéa By 2u8y glﬁj{hd):aﬁapkgana@rﬁbévents;b@cﬂflcally
wat er - cont ai nl ng adsor bent capabl e of adsorbin

aci d_ conponent to
obt ai n &5secandayonatréhcoFEitdtng FWMBTHa gbesf?r%‘fl WY %cP§i8Pe
mononer havi é‘gh98r@§ygt}ﬁ§'ﬁu%‘ac%f l%‘%te Mor_8, J ek $o oy NUKE | Dat Eher

organi ¢ sol vent™ and nore ppm (mass) of water based on the
ur et hane (nedhhudrokste- ﬁbﬁ@@éWPISXPZ’)l SRR Ryl ¢ ierabevePi¥cBRgd-

solution to a dehyﬂﬁ@tngcess of the present invention can be
advantageouslyemployedwhenearawnmferialurethanenmnomer

20 having a plurality of (meth)acryloyl groups in one molecule
is used, more specifically when a raw material urethane
monomer having 2 to 6 (meth)acryloyl groups in one molecule
is used. As described above, it is considered that a raw
material urethane monomer having a plurality of

25 (meth)acryloyl groups readily causes a Michael addition
reaction to produce a high-molecular weight impurity.
Therefore, the process of the present invention provides an
excellent effect when the above raw material urethane monomer
is used.

30 rurther, the process of the present invention can be
advantageously employed when a raw material urethane monomer
having a molecular weight of 300 to 100,000, preferably 300
to 50,000, more preferably 300 to 5,000 is used. The

molecular weight of this raw material urethane monomer is



agent to obtain a third solution conprising a urethane (neth)acryl ate
nmononer having an acid value of not nore than 0.2 ngKOH g, the

‘organi ¢ solvent and not nore than 5,000 ppm (nass) of water based on
t he urethane 10(neth)acryl ate nononer; a (3) renoving the organic
solvent fromthe third solution. A description is subsequently given

of each step. <step (1) of reducing the acid value of the raw
mat eri al 15 arethaaecabrodeitedo fpom ribree tvien O Xhgkadrpy>constitufyng

this step, t i ue t i : '
o Teduced 10 R HBIEEt ha D, SR B o P e e e HERSABR AP R8P e
the raw mat esbabe unel denka nonehent ilsad ihristh diissolsidd 1 nAscomdgars to an
sol vent, and the optaj ned. 20.first sal uti i S . contacte s
wat er - cont ai %?Ebmﬁggobgegpecéﬁlgglntetog & sgc?’oel r?greaéjnerg’?cil c%r?r%%%%ht}tAls
| oner acisd vehueraf pesstbikachaw tihetnhe haateargaonint as el vignadsor bemovved,
nore preferred. That_is, i.\gmj[is nost preferred tl}gt t he acig va%ug
measured by ¥H&IFREROA2EAGN O n RS FEHN SbTHY xR 88" SABLFE"25°be 0
ngKOH g. | n €Raséderstdic ohgtde igiiusird @l 16 aledl girodugtirdrnyolvhdch is
uret hane (nmeth)acrylate nmononer, the acid value after contact with

the wat er - coR¥@f it hg¥8dsHAEBAEINERFHONLSY 1 hdh S F TP IgKAY ¢*F n nost -

cases. 30 Orgghicqspbyenhats@iehnn thie Sfdiradntsolditd@dually rémotbe and
present invention, the organic solvent for dissolving the raw

mat er i all Our et harsl Forrkechsagorebaltt i Ew sl yy |3 finrafygeq oo fhe raw
sol vent whi CH%Q%%JZQ!LVG%EB%@\MME Ha MRS Nanen "Pnosss i apd dnes

not react wt 21 nononer. Specific exanples of the organic
sol vent i ncl utlecastbliobschaeisngibh ¢4 sdardrdnl vivohsh tdee opesebl vehes 2

such as acet ggt—gﬁgQXReﬁkh¥éc5ﬁEQQQnﬂg% fbﬂaﬂé?pu%%Hmﬁﬁkﬁeegrocess
ester solvents such as ethyl acetate, propyl acetate and butyl

acet at e; ar oofitilee sotasetits isuch Esoberre sePRs Sk hdicapd ogypiceieon efhehe
sol vent g .such., dieth et her., - hut. t.hyl I pr opy|

di but y! 1 he??gﬁé?‘?gﬁﬁéhg ur'gn 98d lﬁ‘:‘%@n & - Sﬁ%‘?‘(g&‘g‘%l%n?gagggﬁnt
as hexane, hepfane whercthbexanraandideéoatyidama plonivaleeniea vihay ddenabove
sol vents such %0 af di chl,oglgmet hane, . chl or of orm and car bon

tetrachl ori d818GRLGFy¥ELSEEI ¢Ent$SSUch as et hyl ene gl ycol nononet hyl
et her acetate and pf oplyd epeegkxeol nirenaienhylthet heiw acetetinl urethane
In the present invention, since the step of, reduci t he wat er .
content is iARPR@ERE PASt ReUSEERaRS) t\%dgﬁr\ﬂ 13 é‘ée{l}% %%%%r?ﬂ%ﬁdgroup in
her ei nabiger, t M@t gh188L 4RI bty ilsh i g Sebivedt cosb phet epabby a

| ow. Further, an organic solvent containing no activated hydrggen IS
preferably usellyispayenafsreaspedimoiemliiyl amilydfey 53t et duni ch
does not coni,gi noagtiyakedo hydi 0geRpanAahasiada eb eyanohubbbibyual, 286
of not 20 nor t%an 20 vol%is preferred, and a nonaqueous organic

sol vent havi agcamngtadralslar aviriilep lef upethape e(tdn AQrybt U ienomer may
preferably u INg thi i ef nhPetash! ¥Yreth
renoved and %ﬁgopkr?%&%%ﬁq'on%%ﬁgq{#%&l%%gguq%ﬁblv%\?éhtmi rr%uri ty rethane
cont ai né& | rmoéhemérnabky ghtvannéd lwwet hane 25( et h) acryl at e nononer

is easily su essed The_organi I p i,Gul .
preferably ugg{j iir?ﬁgaﬁ?e%%ﬁ?ﬁ\%%ﬁ%% ?‘gnéglgé& géhkr%gr%%g%f\égeﬁg,smn
xyl ene, ethyl acefakemubdt gheadebdt €o.netlhyd. etuntl &ketdhe@ligo U-4HA
di chl or oret hane and chl Oﬂf or lc“jntThese4 grgggi c,sol vents g@éc%ﬁaursv?(ejight

al one or (non-yellowed type, C oyl groups, m
of about 600), NK Oligo U-4H (non-yellowed type, 4
30 methacryloyl groups, molecular weight of about 600),

NK Oligo U-6HA {non-yellowed type, 6 acryloyl groups,
molecular weight of about 1,000}, NK Oligo U-6H
(non-yellowed type, 6 methacryloyl groups, molecular

weight of about 1,000}, NK Oligo U-108A (non-yellowed



30 in conbination of two or nore. The amount of the organic
solvent is not particularly limted if it dissolves the raw materi al
‘ur et hane nononer. However, when it is used in a |larger anount than
required, the yield per unit operation becomes |ow and the renoval of
22 the organic solvent takes time. Theret®re, it is preferred that

t he amount of the organic solvent should be m ninmumthat ensures that
i.t can be dispersgghe The spegibiyt aioupls,omdlkeudrgani«i gol entalayt
be suitably determned according to_the t he raM/nagerial

. 5 type (:)Lf
ur et hane mononer b0 he NE 9 igio Und 26RgARPR Y61V EMEd $8PEnharfter Y1ovl

mani pul ati on ease?%§ppﬁ5§ééuqa% ReQduet igdn 9fodther hi @iy ooyl 2go
wei ght inpurity, the anmpbunt of the organl c solvent is preferabli/t%%oo

to 1,000 parts byUTRRER (Feme yrlefenre®tyPe002 £6 BO® Past SUps / Bir Hecelar
based 0”§100 par té%PthEraéf Qﬁohﬁles'ébﬁit,hﬁﬁkeo(lm)tﬁxfl{sd@ﬁ SIRORET 1 owed

In the step (1), the raw material urethane nononer is dissolved in
t he above organi ctspé vedt agndlelié gbtapsed molestulsag! eggh sof about

contacted to the yaigy; QU 8hhiR%ade0s PRNTs L2:AR3NI 60LoadSRRLOg ax

an acid conmponent™t0 reduce acid value o
(et h) acryl at e noneixgnt cofit abned iLlp80A¢ , sdKutOldgo AFcdridhig( ¢ ;aehyboyl

bel ow can be. easi 950 TRa0EEE S ThacaPat et Fo i CPRer ATSREEEPaAT a2
wei ght 20 inpurity2 conteloed grotbe, fiobédylabtaébedtuobtdlamet 4,700),
(et h)acryl at e ‘'mononer, can. be i su essed, description

i s subsequently i%énHi° Dﬁ)g_ﬁ?@o@ﬁc$&?ﬁfn@r?%$acm%f%%?g%r byej‘(:?ht

means of the watesr @@rial ni Bgoadses bendligh Wkt £40C o atpyigyl groups,
adsor bent Anﬁ%énom adsor bent n%ybe usg&r@s t he
wat er - cont ai ni ng ROERISBEBENTCLIBE P EREYbdv t’hod wi t hout

limtation ifojt iScabhfel (mAdEPLBENaRE ChoRRFRANE Hadith COM & NSy
wat er. Water 30 may be contai ned as adhesive water _or crystal water

Exanpl ed50f the vRYQEISHACHEN R lalsor Berdt - FHEPRRAEXPUEs(neRryellowed

hydroxi des of an alkali; garln. et RS 3 JRANESLENYhEA £a¥BUtL 600),
strontium or bari oxi ggsglaﬁgﬁhﬁj{? oxl des of netal smgf the al um num

group such as al UEnedd dmdrbarei Owerd L YRS , WAPS-YIsri lalKPHE Si it bRER £2 T
adsorbent s SO 411 bECSRcRE dR0%e Ue I GRIBENLon vegak, ¢
al um num oxi de, siéiltanrdioxlderompgnesiolmcdroxiadeodr af i wim 600) ,
20 UA-10II (non-yellowed type, 4 methacryloyl groups,
molecular weight of about 700), UA-306H (non-yellowed
type, 6 acryloyl groups, molecular weight of about 700)
and UA-306I (non-yellowed type, 6 acryloyl groups,
molecular weight of about 800), and
25 {3) urethane (meth)acrylate monomers manufactured by
Daicel Cytec Co., Ltd. such as Ebecryl270 (non—-yellowed
type, 2 acryloyl groups, molecular weight of about
1,500), Ebecryl210 (2 acryloyl groups, molecular weight
of about 1,500), Ebecryll290K (non-yellowed type, ©
30 acryloyl groups, molecular weight of about 1,000),
Ebecryl5129 (non-yellowed type, 6 acryloyl groups,
molecular weight of about 800), Ebecryl4858
(non-yellowed type, 2 acryloyl groups, molecular weight

of about 600), Evecryl8210 (non-yellowed type, 4



5 hydroxi de as the main conponent nmay be preferably used, and crystal
wat er - cont ai ni ng i norgani ¢ adsorbents conprising al um num oxi de or

al um num hydroxi de as the main conponent may be particularly
preferably used as they have high acid cggponent adsor pti on power.
10Commerci al |y avail abl e products of thesé water-containing
adsorbents may be used. Commercially avail abl e products include
Kyowar d (regi st eradryiagémgrk)pser imed egfu ldrowee Gteli ¢al algout €09} . and
Tom x AD series of, Taom ar eyt i,Gal : d. i.al

avail abl e 15 prod%%?grgﬁgé5355§?$M§%g$%?§%féﬁﬁ#%© %ﬁ%r %?%f &¥Oups’
adsor bents conprisobgecalum redgbti de adcute Il 00 conflomenyl $hed ude

Kyoward 300 (conposition: . 2. 5My0- Al 203, nH2 =0.5 to 3 of, _Kyowa
Chem cal Co. « Lt ASORERA L3RR SRB0 2 A0PBOSY LR i 2 BR LB S ntp 8t
t;))3));]I Foni x- AD3§6 %B@ﬂﬁo&LDan; %P@a%ﬁlk%dﬂkndﬁiﬁéﬂxwﬁﬁu(ﬂyﬁeS o)

3 and Tom x- AD700 (conpositi on: 203 ..10Si 02-nH20 (N= 0.1 to

(of Tomita Phar med€EY{edl B5CUPEyrdMPleE e It avai $3bre %r%ﬁﬁits
of crystal water-goataynBng1i NALHAARIQ 1AL R8s, CONEL Pl HgL agHeupEM
hydr oxi de as the mai n conponent include Kyoward 200 25(conposition:

Al (OH3) . nH20 (n=0RBlegudny pefdkjord Ehetitcal I&P) g Foegrylssod
Toni x- AD400 ( CoNpPPshLLoB; DNabiCBry 1529 (il d, 1120016 weigh
Tom ta Pharnaceut?@%% g%%}éﬁﬁgr%ﬁpCbnnergyal ygévailable productgeé? ¢
cryst al 1@at er - conehi abAyti AeP§ani-c adsorbents conprisi ng magnesi um
hydr oxi de as the i t,,l LOMRL ( L1 LOR;
My6Al 2( OH) 16CCB. nﬁgbg?aﬂ“ ﬁtgggg?%q(%%;@%g% en cglrgg?,ﬁfﬁg)ﬁéiéwlar
Commer ci al | ywav@ht dbipe prigdaons eot @f predle radtlarnebmoaient g iOncrgans e,

Kyovard 2000 RGO rY Ny & 0L L LA LRRG ToboE 6] ot

Kyowa Chem cgthowio.beldd)). By usindhe watematemtiailnimge tddsor bentomer

whi ch ¢ reduce the amount of the acid.c onent efficiently. .
containigcr ?%}n%a?e?9wAF?Hg38 i & %&Qﬂﬂ%? e%ﬁ%]%ﬂ%ﬁ%éﬁ%r§m RFity.
wat er can 5 fiedyae itthe odnmobatr infal he cidiad neepedentcteth dertly 1gsmatle
contains crystal water, water remains in the system (the second

sol ution). ThegRfore, the anount of this water nust be reduced in the

subsequent step. Wenkde, ahayvedunenganicladsethent henuped ptdeerably
organi c solvent used in the first 10 sol ution naﬁ be a water-sol ubl e
2,

organi ¢ sol V&ht hAATRF &N hyWEF SN oS £R@N Pr 800 PRE (BASS! i onRe

of the apgount,of - vwedel ¢ RS OAYRe G FaMdMteritNQ08NbFmadEE BENtdetd€tion
organi c solvent is preferably a solvent containing no active

hydrogen, pakimtil @f | yher epapaisepstie ofb oird a0 RRTLHEAE DRYaRi keigw) -
sol vent. W@P&‘ﬂérggélgﬁ}nggcmﬁl 'aqfa\iaﬂa!bqé; BRSO have a water

wat er - cont ai ni ng adsorbent In the present 1nvention, the adsorption
and renoval @noéntheibbid torpedeve andse wat er - cont ai ni ng

i ted and can be A PE TSR BUE B Rt n T e LR R T

t he abogé wah®tecDal ainehbaadseohener whdatortdencen vidid avkioswnof more

met hod. than 0.2 mgKOH/g and further suppresses the production of

a high-molecular weight impurity. To attain this object, the
process of the present invention comprises the following
steps:

30 (1) contacting a first solution comprising a urethane
-(meth)acrylate monomer having an-acid value of more than
0.2H@KOH/gandenlorganicsolventtxnawater—containfng
adsorbent capable of adsorbing an acid component to

obtain a second solution comprising a urethane



25The anmount of the water-containing adsorbent is not particularly
limted and may be suitably determ ned according to the type of the
‘wat er - cont ai ni ng adsorbent in use and the acid value of the raw

mat eri al urethane nononer. Stated nore sgecifically, the foll ow ng
range is preferred 30 when the effect of 28he renpval of the acid
conponent, the renoval of the water-containing adsorbent, the renoval
of water in the casetnfadselakeanohonegani eimgsor hent cabtaiof mgpt more
crystal water and theéyleld of the obtained urethane @ggth%a r IageOOO
nononer are takenthabd -ComgRaer grithe OREAS L CoBC SHRR T ANCERP TS i?%%‘
amount of the watghynCORiHd NLRg,AespRRAd b8 tHeheeahbyel(deto) 80rylate

parts by mass, nore preferably 1 to 30 parts by nmass based on 100
parts by nass of mheouest hane (neth)acryl ate nononer. 5As a specific

treat nent; net hod [ dsgihentnl sousedeaniBeat
first SOEUtI&%PnH§Q ga%g%Fga%EE %geﬁéegag?g? %gntalnpngoadsofbgntabing

a known net hod. Megenspeciddtcanln g ﬁhﬂlK%Sﬁﬂ@ﬁepmeéoﬂ@rééﬁﬁﬁeﬁ vhekhepe
each ot her mhlle H8¥P25 F%ﬁb%reﬂo Bﬂe?1%§? Qﬁ?g%éd.qgﬁuéQﬁfnotznore

procedure for m xing t he |rst on an
wat er - cont ai ni ng aﬂsnr@eﬁmngﬁﬁﬂvgmmﬂh&cprgsnn@tSpéVEﬁéu&@@lqpﬂimﬂr@eﬁhan

but generally, th t ai_ni\n u t he
first solution. Tﬁe$@énBBPa3uF§S o?ﬁigi Qf éﬁgiéﬁlrs g?%gﬁ to
15 the wat er- contahethgaadymaheannbman [&ndlcularly Ilnlted but
preferably 0 to 70C, nore eferabl When enpe

at the tinme 6f) coﬁ?ﬁBYlPQIF emPFﬂFH hgo g F&Rge" ?heﬁagguésig¥$on'
the acid conponenta cadsbeipeduaedsf uhb;eeamertﬂi@amm of d¢aeh step.

hi gh- nmol ecul ar wei ght inpurity can also 20 be reduced. The
contact tinme is not particularly limted and may be a time during

whi ch the anpgpt,ofi 1 heraciedueamponaid £ bea1esusedehyl kyw material
exanple, it is 8 mnutes to 10 hours. This treatent tlygﬁcan be

deterni Réd byrebhpreet MAGORSLt t6f "2 MRS rided’ sol HIFGH

confirmng that thg, agid; Vsaééiﬁ %fhet be ;ur ¢ hases £ i3 ate xﬂﬁﬂéﬁﬁél
contained in the treated sol ut'i on becomes not nore than 0.

After this cenehbanermanpewt, itsheadhiead cfcﬁnrme@r%d%@%e%t%laﬁK%g/g
removed by aTéUR&@uggt{ﬁgi {fﬁ 4P| §he3Qald hkEaLHAA Qtethane monomer

centrifugation e present invention, the second sol ution
is formed bylsoﬁiastldgsshévadove anrsrqeohutSGhvﬁnttheﬂd the obtained

wat er - ¢ tal gggggﬁent Ac%gﬁ%{ Qx§5u§%€ Bgeggﬁgﬁgya&ESrbent

i nvent o ?ﬁV% |on con I'rme
obt ai ned seceglﬁalsméubfcudgmsbmgnaxalamad camEineEnul loweropeidf value

water in order to reduce the aci v e of t he uret han
(et h) acryl af ELRBNGRBF3EE Kot ﬁkﬁ&ﬂ# g%ﬁrbent is more

treatnent. lprupsrakgo fowad iéuﬂlttﬁBSnost‘preferred.tbat the acid value
measured by the method shown in the following examples should

25 be 0 mgKOH/g. In consideration of the industrial-scale
production of a urethane (meth)acrylate monomer, the acid
value after contact with the water-containing adsorbent is

not less than 0.01 mgKOH/g in most cases.

30 Organic solvent used in the first solution
In the present invention, the organic solvent for
dissolving the raw material urethane monomer is not
particularly limited if it is a solvent which dissolves the

raw material urethane monomer and does not react with the



5 water exerts an influence on the purity of the finally obtained

uret hane (neth)acrylate nononer and that the organic solvent nust be
Tenoved after the anmount of water is reduced. The obtai ned second

sol ution contains water due to the 10 fa?t1 that the acid value of the
uret hane (nmeth)acrylate nononer is greatly reduced to not nore than
0.2 ngKOH g by the contact treatnment between the first solution and
the wat er - conbaphneng adBeFbeht. eAsmalessalft thetovganieupglviat trelude
second sol ut] aj .t he juret ha J n
nore than 5,%8@%%%(%?&?’%011 v%g)t rellr r&%argﬂgj‘}ggn t %’ 3‘%%‘%%‘2%;@89%&@ Such
(met h) acryl ate aosiooee, besilles &tey bl e gad aesdbinventsobTy lugpépne;
limt of the_apount .of ter. _contained j | C i i

af fected by th eﬁeﬁ%lovcﬁrb Sré glcallsnst I¥gL %%?%QJ\C/%{ %gfog)gﬂl %gé?é&grﬁé&dcﬁngyl
ur et hane snonasetaaad thema® ianwuitvesftd heuciti as doopoereat bofuene and
general |y about 30, 000 m ss) based on the S t he,_urethan
(met h) acryl a?%iﬁBﬁOn%thgoséggaﬂ g g4 e?ﬁaﬂéefﬁgihfgg?ﬂfg% nrgﬁgpyl
havi ng hi gh ptrety deptoelfl eitertd,y dibdthel prgsent tavesahyonoftuben and
anount of water contained_in the second solution is 25 preferably

nore than 5, BOBEPPRY (AELEN 3 G T RHFR 02 DO HINT ( nBERY 2" For e

preferably nmpye1bhanadec088d RRIBAHBSHSINAOh 11041 88 ¢ H1adyehd sA& P8 such
(mass) based on the urethane (neth) acq%/ ate nononer. For exanp

|
even whdf an2$ FordEf conRigR en Chd@Hiod Hith gRersAt Ren \K,gttglaql‘glq@a?;f gpd

ef ficient 30 C5b@Fenkle s3MpURLs Qi PL&K b&1 adbHehedny? aehe
than 5, 000 p%%???rgsé)bgt gnt{‘%, 800 ppn§| (nt:'aﬁé% b%;% on the uret hgne g

(met h) acryl ateehphonend propylemedadaidt inenemeypk eqliedt | §CgFaéh - of
the step (2) of C%?ﬁé Ng-d £1&, Se£00dn89LHL | oDnabt ahnedi LB LRer8LiERing

(1) to 27 a dehy ng ‘agent to reduce the anmount of wa er. <step
(2) of reducthg wheeanoumtent iwmtisrcboftdiiredha sserori@)swhdchonill be

5The secend sol utign_.ohtain in_th e . {)., contains :
or gani cigol v%%??r%lgﬁgeﬁﬁgﬁé r?%%hlﬁ’ag?agﬁbea esifn%lrrieﬁ a%?nghgn"%?.gﬁlc
val ue of notseabrenthas Pr2fegkOiyg land mbue thlean B0 @pm ¢ neskyenf

wat er based on the urethane, (.neth rvl ate nononer. 1QEven en
o noner havi Sar b TREDE) e e TR b ik BeBal Y s o T g Bratea
puri ficati onméfe tdige SDADERT 1y Waire brean ieesgenenal Wiyl clermed nby aontain

met hod such as distillation under reduced pressure. . Particul ard en
o vent W Ch BRL PRy e BN g (15 g BREeEeromebt b bt ) L ol 8

for purbhi cabhbpl LBagndot he18r danipg-FAMeM, isndi Sthdheguasder organic
reduced pressure, water can be renoved at the same tinme. However, it__
was found tha@lvfeh PAEiBEganTatesl sehrbiditynpéeRommPEcwafiaR 10 vols

remains in tpe £ase. ofp1Pe 8Lt Nane BN REE Y4 A &n IORYBfontd, water is
hi gh- mol ecul ar "wei ght 1 nmpurity is produced.
easily removed and the prodgction of a high-molecular weight
impurity contained in the finally obtained urethane
25 (meth)acrylate monomer is easily suppressed.

The organic solvent particularly preferably used in the
present invention is selected from toluene, xXylene, ethyl
acetate, butyl acetate, methyl ethyl ketone, dichloromethane
and chloroform. These organic solvents may be used alone or

30 in combination of two or more.

The amount of the organic solvent is not particularly

limited if it dissolves the raw material urethane monomer.

However, when it is used in a larger amount than required,

the yield per unit dperation becomes low and the removal of



20Al't hough the cause of producing this high-nolecular weight inpurity
i s unknown, when a urethane (neth)acrylate nononer having an

‘i ncreased content of the high-nolecular weight inpurity is analyzed

by FT-IR it is conceivable that the foléomjng is the cause. That is,
when nore than 5,000 25 ppm (rmass) of wa r is contained in the
second solution and the organic solvent is to be distilled off, if

t he organi c S weifarl isc & dlotarentt aMesCht ime-.bolrhe reifolrepat ér i s tmeeferred
probability of contact between . the urethane, (neth)acr t e_mopnoner

and wat er i st ihedaRgups ‘Pf&ﬁl.e RF?ﬁB&éjhs?%g?ggﬁ%%%%g’levgﬁ%mgﬁa%hat
the residual . 2gh € §amaNent cadbanikpllryenice DRetdbscificismount of the
considered that this water hydrolyzes the urethane noi et

. . ety of .t he th
ur et hane (neR¥gaRty| R B amndifst Do SPréahdy SRTaMME ST ERCOREIPEsHP the

that theganine andet pge(peihhack¥hayl uGOWARY endidst idHed e thyeachs
ot her throug 28 a M chael addition reaction to produce the

hi gh- ol ecul ge vergheinpatvept - ThFS eBhaBAEy "BEdEMES &t &then
t he uret haneséé;%%%ugg%%gabg??geg%th ¥ & HY et SN B £ eNgREN

havi ng an acr gr oup. is assumed fromthis result that even
when the uretipmeityet hacapbans edndier drganid falat uss referably

activated al j;(ﬁ% na, fto‘h:%;’ré&%@%?bggﬁggs trﬁ&é@a‘éﬁgbish%o to 500 parts

hi gh- nol ecul wel g rity ai hed ori‘ginally can be reduced by
acti vat @d alhbyr masbubanatiepngéiér aed sboyt masslef ride neretpaeduces a

new hi gh-nol ecu] ar _weight inppurity with the result that 0.3 mass% of
t he hi gh- nol ﬁ%%%[a%bfgﬁ%ei %BPF‘F}%T s contai ned. It is
under st ood from abnveHdattep M1Yhe theesant mbheenbilonyebbineemphemer is

organic solvent is renpved fromthe 15 second soql uti nt -
wat er must @?%‘Eﬂsﬁ‘ég Jtrbtg‘Sta%Yee Yt 55 66 Vﬁﬁ‘% Tﬁ%gcsr}ﬁe %ggggg%lré\i %hggt
urethane (nmeih)@ciyhate BBAGHEBRW tholhd aidterFhiencain ey atdlabnednby
contacting the second solution to a dehydrati ng agent (a treatnent_ .
for coni&cti®@pPahesseéondsesPifdod &tlite %‘%g}ﬁfg} aq't‘? n@e%%%%t{ﬁ%yaﬁjed
sinply referyefhtosasthdeliydegahhan (heedtymity1 1es eidtediier )codbasned in
dehydration treatnent is preferably carried out until the anmount of

wat er beconesheraebubbPy - nACHRF S RGaRC 3tHdd PpRRedaste warer content

preferably not s g.Lhal 2,000: BRMIKIBSS)s BasedisRd be1 sk aidinne @bsily
(meth)acryl at e nononer in order to suppress the production_of the

hi gh- ol ecul sedweeghanidnpbei pyosimcs ierf iad &he yhighrrmle®uise Vehept
limt of .the, anount of IS 4 ref Y, @ﬁ@ nessthihe
detecti %rq Iijrﬁl?uﬁ%h/hgo}qrrg%gé?gné%%o eottﬁer%lﬁl%n?@% vva(lger s%own

bel ow) based({mathhecuyébhanmod®fmeet teacbd stambhon¥pPIes$8d100 ppm

) oo Lot o DSOS SER BRSO IR o cre ndPhi o
is removed fresutbegsenendcsadl wiilae bhhenssecondf stheitwaberoababaining
preferably 1006 2pang 0 Parts by 29
25
Water—-containing adsorbent
Any known adsorbent may be used as the water—-containing
adsorbent used.in the above method without limitation if it
is able to adsorb an acid component and contains water. Water
30 may be contained as adhesive water or crystal water. -
Examples of the water-containing adsorbent include oxides
and hydroxides of an alkali earth metal such as magnesium,
calcium, strontium or barium; oxides and hydroxides of metals

of the aluminum group such as aluminum and boron; and



mass,; nore preferably 100 to 500 parts by nass of the organic sol vent
based on 100 parts by mass of the urethane (neth)acryl ate nononer.
‘When the second solution contains the organic solvent within this
range, the process can be 5 sinplified t he production of the

hi. gh- nol ecul ar wei ght inpurity can be sﬁg ressed nore. The above
preferred range of the amount of the organic solvent contained in the
second sol utwanedeesnhet ndnfif énofrgemitche ducaflegnietl ¢empel pingheilicon
anount of the_ organic I . i in fi,r i 10,
based on thé°§%ﬂ?n%%eF§§I%ggét%%ﬁé%b%%bﬁer?EQ%Fgliggﬁggggé%ﬁg%£§£ng
amount of thenerganic sdkvehtnhbasedmer itshiegumetdrartel unf netijacrylahenum
nmononer is not, greatly.changed by the reductio qi the,acid val ue and
filtration. F&idescri bEECROOVE  Phe BEME IO YT LR T Een 18
carried gut ibedeseidbeaorganing isolcseplonentt ennyved preferhelseasad, and
solution. A descriftion i s subsequentl, iven of(%%g deﬁydrating. .
agent . Dehydv'aY$Hl aj@RET26PR CARE T PRe &M 9NNt G R HR" HehSoR At £ hgd

agent is selgrt®onfihoskiAer AN CukBhi®, hyA06PaAECa OXt e sma Bl hystip sesnt
thereof, partially dehydrated products and inorganic hydroxi des.

Speci fic exdmpy d2¢ tRRFebf U] pEl uder¢ hOFgaAY 88 t 3SsHiRRY aRanagheeh irid

sul fate, soq&ﬂgbégéﬁgtgdsggb@&ggl%gw%gLfate, copper sulfate and
cal cium chl or1 de, preferablfhanhydrides t hereof ; hydroxi des such as

cal ci umlfydroxi de;Camysrei2ihe 2ealieblsuphodeciknsl edultdess eves, and
silica gel. e pfothesendrhy duabi-pandaehlay MM dethndtially

i norgani c salt and crysta ne zeolite are preferred, and anhydrous

30 magnesi umeulizivke mnbgdcbasisodidm Kyboairsl Egiditousdd widemark)
sutfate and Jpl ecul 3t RLENESCALR1RAN! Leul Al PLAILUHEH « HifSferies of
dehydrati ng ‘agent's ey be uséd al oné or i'n"conbination of two or

nore. The armanittof Phhemdebytdiabiingoagedttd.s Sooetriodta ltllye av3( laiplant

of water _falls within the above range, preferably .0.1 tq 50 rt

s mbpe pretdiahr ot T573050a b oEy Rasetnaas Birta i AR gfp e
mass of the agmhhideng el ihaauy akedapBeTRhe MME0Nt admbreieveenitdbude
dehydrati ng agent and the second sol ution naxgbe carried out

b
known met hodkY Prafe 3] y compesiéionar é - rMEEI AL edu el BN s? itﬁ’)r/ég.) (of

The tenper atgyj§y4 arhéhecdehydr at L.eB . b, eate Mo i HI2 QR tdsmbEs 1 yion:

limted but preferably O to 50C in order to sugpress t he production

of 10 the hiZfrOsonBzl @=0ni it 31 hpUremix nip 200 Theomp @t tietit * 9hs AleCs
not parshcul.ardy L i m 4 ed, . byt ) 1nedh g pakt aaf o
t he treg?ed ?o%%btzi gﬁlz(%tﬁ}ir%c; 5so u??gn%?%?ﬂlonﬂ%)%g@oﬁgd the amount -
of water becdifssiGonHedr éN+hBn15£000) ppriofmEos)i tsa Fbch me adiet gat Hame

(et h) acryhﬁgf.Panﬂﬁﬁnercially available products of crystal
water-containing inorganic adsorbents comprising aluminum
hydroxide as the main component include Kyoward 200

25 (composition: Al (OH3}:nH;O (n=0.5 to 3)) (of Kyowa Chemical
Co., Ltd.), and Tomix-AD400 (composition: Al (OH)3 NalCOz
nH,0 (n=0.1 to 2)) {(of Tomita Pharmaceutical Co., Ltd.).
Commercially'available}products of crystal water-containing
inorganic adsorbents comprising magnesium hydroxide as the

30 main component include Kyoward 500 (composition:

MgeAl, (OH) 16CO3 nH20 (n=1 to 5} ) (of Kyowa Chemical Co., Ltd.).
Commercially available products of crystal water-containing
inorganic adsorbents comprising magnesium oxide as the main

component include Kyoward 2000 {(composition: Mgp.7A1l0.301.15



15 It is generally 1 to 24 hours. To renove the dehydrating
agent after the treatnent, a known nethod may be enpl oyed, and the
‘dehydrating agent can be renoved fromthe solution by filtration or
centrifugation. 20l n the present inventigp, the anount of water
contained in-the second solution can be réduced to not nore than
5,000 ppm (mass) based on the urethane (neth)acryl ate nononer by the
above met hod.n®Qretthdnet g ngt h) bef yKaveanthemecahationg Ritgh Jpurity

can be produced by¥ﬂ%?%%§$92§§§thgg Pcaagb%%%%tZQﬂﬁy gggafgg%#éfﬁhf

solution (third solu escriptron 1s subsequently given
step (3) of ameowningfthbeorgadi coswlovemt fafdmaimmtiy rebsiodins oprystal

<step (3) of renovi rgani ¢..sol vent >, 30The Lrd.sol uti i_ne
o the' aboveafep! (ot BiARGh R HETbERERL Cop et AR e P R R
(et h) aceyl atednoaonee havung af abied avdldeofpaeninmeefidibenOl as it

KOH g and not t han. 5,000 f water, based h
et hane (meTRYEAERS| ST haRONGESRe WEGEA DRty E™ | Wit hf 4o Ca] (che

third sol utigecohBiesempunénpl tliecvsfand £ S0d ardurpy effetablsywhaklksmust
within the sane range gs that of the organic sqlvent contained in the

first sol utioh ZHHGeHE 1SeEBRSYRFAEFBAT TR - | WheThéhenfPaVEotReTHALC

contains the;@s8apkRtSPLVEBEd nt@eaffbr?@ﬂﬂu f1-psvef e @bl yid0Ohéofirst
1,000 parts by nass, nore preferably 00 to 500 parts by mass based,

on 100 pPArt sSHYURHRE MY PR HRAEERASO LPEEhEERDE St tioBAViRY active

ur et hane ( neﬁ}Eﬂf‘&?¥ﬁ?t er SRR AW PHed & SIMELG 3F hX¥almfun® olfOMater
content of a hardly sol ubl e hi gh-nol ecul ar wei ght |Egur|ty 10 which

‘i's crossl i nketodighd df remditerfalling r oarsifa B serd@Rtt .ot hRaPEPaBAE $PHRENT
purity can b r fLeiLgn - A5 ' £, O 960+-§

Col vent from  RErEpeEaEel fr fon “haut o s ST A Prp B Bgen,

t han 5, 000 ppartihessarapdrasfergadive thel wétve omreniuewehi argaeiabove
range. %gThqaa thog of renoving the organic solvent fromthe third

solution™i s ho v%%rticularly limted, and the organic solvent nmay be

removed by distillation. However, since the anmpbunt of the

hi gh- nol ecul ar_wei i nppurity.may increase when the_third sol ution.
st r eat od dELIRR BT TedRer b Yoo Ry 8 et S e
t he range ofa@$otieerd®C. Therefore, distillation under reduced

pressure is preferabbéicarried out to ensure that the teggera

e i Y Enoval
falls within the agbJd' aHgeSHe coPHHGE Y 1 HES BRI P bRiRsInd g emova
ur et hang25 {#etha ageyhatempeRener HyatihRy Wity s d 1 €ahg bedsorbent

produced. capable of adsorbing an acid component are not particularly
limited and can be carried out by contacting the first
solution to the above water-containing adsorbent in
accordance with a known method.

25 The amount of the water-containing adsorbent is not
particularly limited and may be suitably determined
according to the type of the water-containing adsorbent in
use and the acid value of the raw material urethane monomex.
Stated more specifically, the following range is preferred

30 when the effect of the removal of the acid component, the
removal of the water-containing adsorbent, the removal of
water in the case of use of an inorganic adsorbent containing

crystal water and the yield of the obtained urethane

(meth)acrylate monomer are taken into consideration. More



<hi gh-purity urethane (nmeth)acryl ate nononer> According to the
above process, there can be obtained a urethane (neth)acryl ate
‘mononer having a water content of 30 not nore than 2,000 ppm (nmass),
an acid value of not nore than 0.2 ngKOH. g and preferably a content

of the hardly sol ubl e high-nol ecul ar mei%%t conmponent which has a
nunber average nol ecul ar wei ght of not |less than 5,000 and is
crossli.nked sbgbi di oBNSyonahkyambuhesst ttian a3 maseftaThéng3@dsorbent

content of the high-npl ecul ar weight c nent in the obtai.ne
ur et hane (ne%$0%ﬁﬁ§¢%@%fﬁn OLEFOé%ﬂFﬁﬁggggﬂb@&SFd 896en8§§&$rgbly 1to
(detection |3gida feassy ethdy vded dd Q@ngareishog) mhy sadffushengrethane

production conditions. The lower Iimt of the 5 water content is 100
ppm (nass) i mebhspaEraRtEn™eNMTdustri al - scal e producti on.

The uretRBane (methyacyylgbei FPROERECRLaANER thbd ReidH agess of the
present invention has a urethane bond and a (neth%acrx%gzlsgrou in
a

t he nol ecul ewaher FSOByALRESIKzadsSPrEMNT018 BEREI nAPFoA lution may
pol yi socyanate égﬂtgcbéer Q%Y 3hkY by BN R M By aiek ©PbéRPaby Yaaknown

pol yol conpound. <cured product, production process thereof,

pol yner i zat ineathadt | diore SBActiieal by odifetl < ar e BIRchitRedoBy 2GS ST
the high-purily AGebAaRe (HEL DAR Y AL PROUR ARLALNRM BYckher.  The
pr esent i nvention. Crthis case, e high-purity urethane

(et h) acoy| apeocedoner fory rieinged e thed ngie TConponeptubieni angajhe

be m xed with_ anot her pol ynerizabl .

nononer conﬁ%%??FBﬁ?nﬁgfﬁéﬁgha Sﬁﬁﬁgﬁggﬂggéo<§H%§F;§%$8%gﬁ?%r?hgularly
ur et hane (nethieassyat generandly , melye e used st 4 drel po layisemibeald] ehould
nmononer constitutin he n r conposition without restriction, a
monoval ent ofe pdfged Rtt§§r3H§F$ E%ﬁﬁb or nethacryl ate conpound,

a polyallyl 25 conpeingerapdratpoeyfbroasnybhateéngrthe first solution to
pol yt hi onet hacryl at e conpound . may ae gLeferabL% gsed. . lThﬁ‘ red
m xi ng A&t i ot WhkSTTePhEAANERSt AT SAEPFRAt &SnDBAbMR? FEAGULAE N ohbREFS
copol ymeri zab|, ¢ &ébekﬁglngVﬁomoﬁﬁ?rmB@é be cdetrabliynad tac Gordi.ngwhen
pur pose. The copol yneri zabl e 30 nononer nay be used_in an apount o%ove

pref erabl y 20he o0t pae o bjrenaslie qforentrstefably wo-h R 1458
parts by mass,, a; t%ﬁ@'&&ddmpro%f e5h@bh ¥i 40890 AOn 00 PV S by RS Eully

based on 100 parts by mass of the urethane (neth)acryl ate npnoner.
The copol ymeand di¥ice amonoree £ dybhbigtrreBioFudeterai gl imaurity can also

20 be reduced.

The contact time is not particularly limited and may
be.a time during which the amount of the acid component can
be reduced fully. For example, it is 30 minutes to 10 hours.
This treatment time can be determined by collecting part of

25 the treated solution and confirming that the acid value of
the urethane (meth)acrylate monomer contained in the treated
solution becomes not more than 0.2 mgKOH/g.

After this contact treatment, the water-containing
adsorbent can be removed by a known method, for example,

30 filtration or centrifugation.

In the present invention, the second solution is formed
by contacting the above first solution to the
water-containing adsorbent. According to studies

conducted by the inventors of the present invention, it was



according to use purpose. Specific exanples thereof include

pol yacryl ate and pol ynet hacryl at e conpounds such as et hyl ene gl ycol
“diacryl ate, diethylene glycol dinethacrylate, triethylene glycol

di ret hacryl ate, tetraethyl ene glycol dinethacrylate, ethylene glycol
bi sgl yci dyl methacryl ate, bisphenol A di #ethacryl ate,

2, 2- bi s(4- et hacryl oyl oxyet hoxyphenyl ) propane and

2, 2-bi s(3, 5-dbhr orme4- PRADacKh¥| oyt exyethexyphanybluptepanastpobyakliyil a
conpounds such as diallyl phthalate, 10 diallyl terephthalate, h q
dial |yl isophehaRaleaMARAF|9F RATE far@tel 4 ¢ dEfokystedifa the acl

diallyl fumaaige JH @h%ylﬁr&@ﬁé’xﬁ@n@ﬁet@l ol vl e homplihabaiex maaras twan

car bonat e, allé di gl ycol carbonate and trlnethylolpropane triall
t

car bonat e; AR 1 b £l U adarsR hi ot WASr P8 LeBRFolRAS Vinis
such as 1, 2d§+§%PE£QﬁEE¥|9¥|EQEQXE$H§9QH1 the purity of the finally

bi s(2-acryl I oet et her and
1, 4- bi s( et heletyiogiit hrekbehyl )mti@@@rmw aRegerporndsthal the

met hacryl ate §§QH9¥EQ§1§F% %EFQ éﬁ) rzghglﬁﬁégﬂf of water

nethacrylate acr I sphenol
A- nmonogl yci dis ee@ecedethacrylate 4 egC|donxy met hacryl at e,

3- (gl dy1- 2-
3- Eg|§g:dzloxyoﬁy| Oxﬁfrox gé ngpefgé%#gﬁﬁf %%er %Pe to the

3- glycidwlOXﬂaathyﬁaﬁxyneoayhdwalzﬁhyﬁﬁdﬁﬁ$nnmyﬁhamey[m¢9h)anylate

h di |
o heed 1 o BRPREA 1 BIFRE phot BEAPGRACERI BSLi LOFEnhen §-2 RaROA7YChy
copol yneri zaphe HBROHEE Eﬁébt&%nﬁObMﬁhh¥h6ﬁﬂuglﬂﬁﬁétd$@buyiaheand the

gl ycidyl 30 nethacryl ate,  bi spheno| A_di ngethacr
2, 2- bi s(4- MY RERFyFOPFBAPBAL aeﬁﬂa?%ﬁenyﬁip%p%@ it was found that

trimethyl ol P¥ P aBE-bhE ML AGH Yt rits ipTLftefall ye tisete (meth yalBylate
optical material which has excellent nechanical strength,

shrinkag®, rerosesrare makbithiary Saf@hPER | @ﬁs%a‘?%é&atree%lbﬁvngﬁjcé’ncﬁhe

be obtai ned by, cQERL N AgcANg e 1%&%%1&&9@15'%332&& S HONOFBYS 8Pganic
the high-purity urethane (me acryl ate nononer of the present

i nvention. Asphoenthr dhie %@m®©sllmbh phythe apeanrhedt byakeki agntpdned
nmonomer CO”QB?'HB%?s@%EHda ?TSE?SHTfE“é%f%QQR&PB?'tﬁé%ﬂﬂﬁﬁﬂib@erééﬁang

of the total
the acid value of the raw material urethane monomer and the

20 amount of the acid component but generally about 30,000 ppm
(mass) based on the mass of the urethane (meth)acrylate
monomer. To produce a urethane (meth)acrylate monomer
having high purity most efficiently in the present invention,
the amount of water contained in the second solution is

25 preferably more than 5,000 ppm (mass) to not more than 20,000
ppm (mass), more preferably more than 5,000 ppm (mass) to
not more than 15,000 ppm {(mass) based on the urethane
(meth)acrylate monomer. For example, even when an inorganic
adsorbent containing crystal water is used for efficient

30 production, the amount of water can be adjusted to more than
5,000 ppm {(mass) to 15,000 ppm (mass) based on the urethane
(meth)acrylate monomer.

A description is subsequently given of the step (2) of

contacting the second solution obtained in the step (1) to



noncgirer conponents which are the high-purity urethane (neth)acryl ate
nononer and the nononer copol ynerizable with the above nononmer to the
‘phot ochrom ¢ conpound is not 10 particularly limted in the above
phot ochrom ¢ conposition, the photochrom c conpound is used in an
anount of preferably 0.01 to 30 parts by?fass, nore preferably 0.01
to 10 parts by mass based on 100 parts by mass of the total of the

pol ynmeri zabl g8 gEAQAREteaRPaGRS tol TEdetitos afioant i 6f wheer.
phot ochrom ¢ conposition of the present invention is not particularly
limted, the photochrom c conposition can be cured with heat and/or

light, and %Qgé%_ N 28t FQRUERLY @t OlaniBdh e ropi t eRaldnt aisesh iFheecond
pol ynmeri zation rhitiator used for thermal curing 20 i s not

particul arl ysplwtied> and exanpl es thereof include diacyl peroxides

such as henzoyl pepoXi dg.,RaChbeeRBRZ Yl NASHRKIGL tiHlecanOVd step (1)
per oxi de, | auroyl peroxide and acetyl peroxide; peroxy esters such as

t - but yl per oxgetefihyl thexamgandc sdmarperoxyreteandofmeeh) acrylate
cumyl peroxy £2,0820e6a0a1Le. b Bl RRNQKY Bencoatis, ANC. Ralpub vh PRERYH /g

i sobut yrat e; "percarbona such "as di i sopropyl peroxydi carbonat e,
di - 2- et hyl hexyt nperexydirc Ah0Aat prandnal s sed Watpiroxysedrdioiiditenrahiane

azo conpounds_s as ' -azqobi si sobutyronitrile, 30
2,2'-azobis(zmagﬁg?ﬁ§V§§%§rgﬁqﬂmqﬁﬂ,
i,i'-aZleSEZ-nEthW$@Mtwhéﬁihrmbﬁbmamdhaving a {(meth)acryloyl group

, 1' -azobi s(cycl ohexane-1-carbonitrile). , The pol ynerizatli
initiator whFeRFRSNESEYFHrd 'ecﬁ}lrégll*f:ﬁlélioél ﬁgtgb%%ci%o “Hr1 f/qat%r} can
limted, andpe £51 1 her@ndvedoy nC mede dae e asbéhzoi hlaetibyl under

et her, benzoin butyl ether, benzophenol, acetophenone, . .
4, 4" -dichl oréﬁéméﬁr@ﬁ%ﬁ%vraret%&*yia%%aﬁﬁgn%%? s 381vent which easily

2- hydr oxy- 2- ggLHyh 1 3-phenwlar Opanrdir aBerobearyl i seidud forkshal fication
15 and the organic solvent is distilled under reduced pressure,
water can be removed at the same time. However, it was found
that when the organic solvent is removed while water remains
in the case of the urethane (meth)acrylate monomer, a
high-molecular welght impurity is produced.

20 Although the cause of producing this high-molecular
weight impurity is unknown, when a urethane {meth)acrylate
monomer having an increased content of the high-molecular
welght impurity is analyzed by FT-IR, it is conceivable that
the following is the cause. That is, when more than 5,000

25 ppm {mass) of water is contained in the second solution and
the organic solvent is to be distilled off, if the organic
solvent is a 'solvent which co-boils with water, the
probability of contact between the urethane (meth)acrylate
monomer and water is assumed to be high. Although it is

30 conceivable that the residual acid component has an influence
on this, it is considered that this water hydrolyzes the
urethane moiety of the urethane (meth)acrylate monomer to
produce an amine with the result that the amine and the

(meth)acryloyl group are crosslinked with each other through



1- (4~i sopropyl phenyl) - 2- hydr oxy- 2- net hyl pr opan- | - one,

1- hydr oxycycl ohexyl - phenyl ketone, 2-isopropyl thioxanthone,
'bis(2,4,6-trimethyl benzoyl ) phenyl phosphi ne oxi de and

bi s( 2, 6-di met hoxybenzoyl) -2, 4, 4-tri met hyl pent yl phosphi ne 10 oxi de.
<phot ochrom ¢ conpound> As the pH@Eochronic conpound i n use,
known phot ochrom ¢ conmpounds such as chronmene conpounds, ful gi mde

conpounds, 15 $PikQOXaZHAEE EBAPLEAES i oSPitOPiHcRIu OGNSy aMmblecular
bi si m dazol e conpounds may be used without restriction. Th may be
used al one dreigikoiiatfon JHitSus SHASHGYe Pecomes r?ﬁ@rgﬁgég when the

ful gi m de cqppoungdse $RLEAPXAZING tEORRAGRAr SR IO Sh HOIPREiR¢ISa 88 d
chronmene conpounds i nclude 20 conpounds di scl osed by JP-A 2-28154,

JP- A 62- 288880:00@04n29880 andaWHIerY4598.oup - There are known

chr omene sconpoundsy hayl ngs &xgeh ! £ALmPRALQCREQIE RIGREIVSES WiRs] dase
t hose deScribed in the above patent docunents and may be preferab

used as the wonpoaeat (25tB) aThyde tehromsme I orip i %ﬁ@a?ﬂs%$b%@dgb?
J0- 2001 ORI By AL 1L oA AU GUOT Wb or e
high-molecular weight impurity contained originally can be
reduced by activated alumina but water generated by this
10 treatment produces a new high-molecular weight impurity with
the result that 0.3 mass% of the high-molecular weight
impurity is contained.
It is understood from above that, in the present
invention, before the organic solvent is removed from the
15 second solution, the amount of water must be reduced to not
more than 5,000 ppm (mass) based on the urethane
(meth)acrylate monomer without fail. This can be attained
by contacting the second solution to a dehydrating agent (a
treatment for contacting the second solution to the
20 dehydrating agent may be simply referred to as “dehydration
treatment” hereinafter). This dehydration treatment is
preferably carried out until the amount of water becomes
preferably not more than 3,000 ppm (mass), more preferably
not more than 2,000 ppm (mass) based on the urethane
25 (meth)acrylate monomer in order to suppress the production
of the high-molecular weight impurity more efficiently.
Although the lowef limit.of the amount of water is most
preferably 0 ppm (mass, the detection limit of the measurement
of the amount of water shown below) based on the urethane
30 (meth)acrylatenwnomer,itjj;lOOppm(Hmss)j11consideration
of industrial-scale prodﬁction.
This dehydration treatment must bé carried out before
the organic solvent is removed from the second solution. The

second solution contains preferably 100 to 1,000 parts by



2000- 229976, JP-A 2000-229975, JP-A 2000-229974, JP-A 2000-229973,
JP- A 2000- 229972, JP-A 2000-219678, JP-A 30 2000-219686,

‘JP-All -322739, JP-Al11-286484, JP-All-279171, JP-A 09-218301, JP-A

09- 124645, JP-A 08-295690, JP-A 08-1761%2 JP- A 08-157467, US Patent
No. 5645767, US Patent No. 5658501, US ?ent No. 5961892, US Patent
No. 6296785, Japanese Patent No. 4424981, Japanese Patent No.

4424962, 36naM200& 86668 e \MEPG080028828)0 papdaseby Ratemtf Nbhe organic

4369754, Japanhese f ent No. 1621, Japa P 85,
W02007/ 08653??f‘ﬁ%‘3§a%6§911565 é% PRIk @9?‘%%%@% %‘?\I\%%é@%g‘gso,
JP- A 2009- 573R8: hyapapesecPabroheNo. WHOH6H8e Sedapdnsskufhdentomoains

4158881, Japanese Patent Ni. 4157243“ Japanese Patent, No. 4157239
Japanese Pat'éh® RBY2R1§7597VCREpYn&Se P L35 ISy TPBPTOFESS Ccan be

2008- 74832, JARANESEcRalcAttie. pRd82lT don Japaties e ot a1 doul 3804386ht
02005/ 028465, 2003/ 042203, JP- A 2005- 289812, JP-A 10 2005- 289807
- JP-A 2005- 112779 1§ AR Re PARETC NG 3922180 T hp2BB3F0BBREST Ted range

3\8‘88‘????458-'[@@%1‘1\@ amhit043, tHE‘cﬁ?@&&@@%ﬂ&ﬂenﬂ%ﬁ:ﬂi@@lﬁ 8hd second
" solution does not differ from the preferred range of the

amount of the organic solvent contained in the first solution
10 based on the raw material urethane monomer. This is because

the amount of the organic solvent based on the urethane

(meth)acrylate monomer is not greatly changed by the

reduction of the acid value and filtration.

As described above, the dehydration treatment must be

15 carried out before the organic solvent is removed from the

second solution. A description is subsequently given of the

dehydrating agent.

Dehydrating agent

20 In the present invention, the dehydrating agent is
selected from inorganic salts, inorganic oxides, anhydrides
thereof, partially dehydrated products and inorganic
hydroxides. Specific examples thereof include inorganic
salts such as magnesium sulfate, sodium sulfate, calcium

25 sulfate, copper sulfate and calcium chloride, preferably
anhydrides thereof; hydroxides such as calcium hydroxide;
crystallinezeolitesuchasnwlecularsieves,andsilicagel.
Out of these dehydrating agents, anhydrides of an inorganic
salt and crystalline zeolite are preferred, and anhydrous

30 magnesium sulfate, anhydrous sodium sulfate, anhydrous
calcium sulfate and mclecular sieves are particularly
preferred. These dehydrating agents may be used alone or in
combination of two or more.

The amount of the dehydrating agent is such that the



Si nce chronmene-based phot ochrom ¢ conpounds out of these photochromc
conpounds have higher durability of 15 photochrom c properties than
-ot her phot ochrom ¢ conpounds and greater inprovenent of color optical
density and fadi ng speed out of photochrgnlc properties by the

present invention than other photochrom conpounds t hey can be
particularly preferably used. 20At | east one of the photochromc
conpounds usgflonnt tde weresedt lilzventhon tise priefws alslnges preferably 0.1
chr onene- based éﬁ ound, ﬁarticular refe abI an |£deﬁ nagh%h08¥r
conpound r epr@sehtRIT b PREMEDFI PR PHF ﬁt 0 @ nass
chr onene- basggs£@npAUNGS. pardb b@uﬂﬁﬁdﬂdﬂﬂiﬁﬁﬂdﬁéﬁﬁ@M@ haythgaanylate
al kyl group or an aryl group as a substituent, heterocyclic group
havi ng a ni tRe®g@Rcat om as a hetero at om and bonded via the nitrogen

atom cyaho group, c&hééé‘t%&H@eeﬂafﬁge@el%éﬁhtﬂﬁlboggeia@ Ky gheupecbnd
hal ogenoal koxy group, thioal kyl group or thioar rou and R16 and

R16 may be bondedliebgezlidPe iR T ors LU My B knowm mﬁéhaﬁky|Pa‘?6ﬁﬁaPéyr
not particul arly Jdfrht anﬁ;’édR:rij@JI?é}I ¥naNs @] Kybqar OHPe hawiped ak @ @or

carbon atons. %referre% exanpl es” thereof include nethr frou et hy
group, 10 priopyl dghpdpagagnbimplatgrenip is not pevet kel dh kyllﬁibaﬁ P§t

not partlcularl¥e£5g£&e€ byts {?Eﬂ{%gﬁk t%y%h@§E€@s gh%ugrgaﬁbggoﬁ of

to 12 carbonfaf efred exanples of the cloal kyl group

i ncl ude 1@yc|tﬁpe¢p.3dh-guc®1mcubz§/cluwlgkyu :Lgpamptyczy@rgperﬁlw tgearmentstime
| oh I I

Cyc! ohexy! 91QUBsr CYELORSRN LY QU AT CHEL GPED Whe 050P0 e THEGaBIOXY

group i s not'd pr et er oXy group
having 1 to &Laébamngtmﬁt ¥ eher t edaeadnd last oén t fehiatkexy ugrionpy and

207he. ar ol kyRoRFBERLTE Fbe Cokr adearly A A Bt HerCaer b8 y9ER Enan

aral kyl group, hayigien Tmta@sllbatsaé@@m oh e MR- trafer ned he xamylles cofiohbeer.

aral kyl group include benzyl group, henyl et hyl group, phenyl propyl
group a%g phgﬁy}%ug?Peﬁﬁéﬁﬁ 1Tk #Aal group is not particularly
limted but To remove the dehydrating agent after the treatment,

a known method may be employed, and the dehydrating agent
can be removed from the solution by filtration or
centrifugation.

20 Dnthepresentinvention,theamountofmmtercontaiped
in the second solution can be reduced to not more than 5,000
ppm (mass) based on the urethane (meth)acrylate monomer by
the above method. A urethane (meth)acrylate monomer having
high purity can be produced by removing the organic solvent

25 from the obtained solution: (third solution}).

A description is subsequently given of the step (3) of

removing the organic solvent from the third solution.

<step (3) of removing organic solvent>

30 The third solution obtained in the above step (2)
contains the organic solvent, the urethane (meth)acrylate
monomer having an acid value of not more than 0.2 mgKOH/g
and not more than 5,000 ppm (mass) of water based on the

urethane (meth)acrylate monomer as described above. In this



25 preferably an aral koxy group having 6 to 10 carbon atons.
Preferred exanples of the aral koxy group include phenoxy group and
‘napht hoxy group. The aryl group is not particularly limted but
preferably an aromatic hydrocarbon group_having 6 to 10 carbon 30
atoms or an aronmtic heterocyclic group having 4 to 12 atons form ng
a ring. Preferred exanples of the aryl group include phenyl group,
napht hylb grodkﬁlrc& @io@ﬂl\ﬂlcﬁ Ogh,e %Mbuht%ﬂt@he pygsnhbngblgenurpr@@emiyly
group, benzot hi eny oup, bezofuran group an zopyrrolin

gr oup. Substﬁéthjt%d”l%?i 1oryle of P st ?%l%aﬁbﬁ/ ?Jgs? Wﬁ‘gmo%es%Jrvent
nore hydr ogen, &t 8% Qf 1 hhenar ¥k rgkowp 10y idns Wit |1‘I1’!~t§3ﬂ§ec5(b&¢cﬂ1 asltbeon.
sane al kyl group or al koxg}ﬁgroup as above, a substituted am no grou

havi ng an aliklyﬁlt grooufher thi Tak pRlyitdes GRPAERINS §BScPrEBRLS BRLBARTtoIn

a heterogyclic group. NG¥i BeeoRhih %oatt%mla%@ hed et o WQH&@@F’ more
bonded via the nitrogen atom may alfso be pref erably used

substi t ut ed mf@r@bbmplﬁ@vtﬁg5ﬁﬁ BRRYS SYomessr kaped \an gW)QJppaa%t% by
substituent |s_ pref e,‘r_}qgl Mrgghgﬁ%eqmert g] %Qgﬁl%%é B NG F OURy urethane

di al kyl am ng" gr oup yl am no group am no gr
exanpl es thermﬁh)mtpﬂetﬁemhybmﬂrnhagn@@pa eqa@ucmﬂ rftﬁlgs)o‘(@luer a low

pheny! ami no S bdgé;ﬁa};}%a'eae'ﬁgcy s, o uggé TS ALRLL 1 QUG R Limpur i £y

di phenyl ani io° ctic gro has & Nt rogen at om as
hetero 16 atvﬂ'ﬁﬁ@hﬂcﬁ.é Scihoesleth e d mr@ﬂdimegenoaadjﬂry,aadsméﬂrparegunt Of

t her eof include mor p hol i no grou thio hal i n rou IS
group, pyrrd’f"i”iﬁjﬁy"f‘ Jrboph gPﬁéEgz A8 Fog) dr&r%@?ﬁ%ﬁ%. pegfrgz#in%llgr
and i ndol i nytergé the organic dammmﬁhesxahlthe bhh@gesohubmoarmav1ng

fluorine atom 20 chlorine atgm brom ne atom odi ne, ato
The hal ogenoaal"@‘Feﬁr%‘%t?gtoﬁfﬁapﬁgdwes ﬂhd%% GPasdt e20d an

hydrogen at oiisy9fithgoabere abkylendr qupHIN atd Uidne Bioge . chl orine
atom or brom ne atom A hal ogenoal kyl group substituted b uori ne,
Bg ‘Y%t t

atom oul Sof these ke grefled eqf QSmPf’éPQr t8g examiss st rom
hal ogenoal ky éhﬂfﬁl!{blﬂ?i&gﬁé e ?ﬁ%‘étri)é'ul%rquip,llﬂhft@épr anet Bk @Feapic

and trifluoronet group he hal ogenoal koxy group is
obt ai ned by mnb*s@mt umam@va)m@mmverﬁ)baf Ayardgéntdosms BPWERETabBYBCS the

al koxy group, by a 39ff£ﬁ§{|h?§?2§8g}e&ﬁ:‘a]g LY r?q{@@nggup{wﬂﬂ&%aiﬁ&eé’se

hal ogenoal koxy gr oup su uori ne atom out of ese is
preferred. Rriedrertlee ’e]xamjl eslmtl'pmle ilsaltageres ledx e griotip fereperrture,

[ bor OB RO 9" iR e ShLLHEr QEPHIRRL AP 3N Litd 1AL BB IO 70°c.
Therefore,dlstlllatlonunderreducedpressure1s;meferably
carried out to ensure that the temperature falls within the
above range.

According to the above process, a urethane

25 (meth)acrylate monomer having high purity can be produced.

<high-purity urethane (meth)acrylate monomer>
According to the above process, there can be obtained
a urethane (meth)acrylate monomer having a water content of
30 not more than 2,000 ppm (mass), an acid value of not more
than 0.2 mgKOH/g and preferably a content of the hardly
scluble high-molecular weight component which has a number
average molecular weight of not less than 5,000 and is

crosslinked high~dimensionally of less than 0.3 mass%. The



The thioal kyl group is obtained by substituting the oxygen atom of

t he above al koxy group by a sulfur atom Preferred exanpl es thereof

‘i ncl ude thionethyl group, thioethyl group and thiopropoxy group. 5The
t hi oaryl group is obtained by substitutisg t he oxygen atom of the
above aral koxy group by a sulfur atom Préferred exanpl es thereof

i ncl ude thiophenyl group and thionaphthyl group. The ring fornmed by
bondi ng R15 apdtRhé tdgetiemigh-1olretbrabigishtarpphanegt in the

hyd b i.0g.havi '
VoS ShERAER skt GERIAD AL ol AL d st

ring such as benzene, "nap ene, racené may
condensed t o0t enas s phate toediytow dambion mersgretheyat heHatlilowing method)

hydr ocarbon ri ng,may, have an.al kyl group. ot al kox roup having 1
515 car bon BYoRRIas ARy oREPufninpropdili BheBery Brdr SRl ARG of ane
gi ven bel®w. wkietrheohitrgs: Showirobebhew, (hdes cai hodoasadetapioa @& bon

aton) having two bonds at the | owest position corresponds to a carbon
atomin a fi%EgHéﬁﬁéﬁZGSﬁ%ﬁftﬁﬁ%ﬁkF?i?%ﬂS and R16. Q

Preferred exanpl esTpé thethadenqrapit)keyrat  oipeimer ussdainelihBy the
present invention are conpounds represented by the foll ow ng
structures. PER&RFPest the Pre?ﬁétféPW@%ﬁﬁQne¥éﬁpPegrﬁﬁ@aﬁﬁb§¥ﬂﬁba@&ra

the purpose ¢hebhf Het-Rahb 1l Hshibal hnthd e 1REeI@NENHMNVE Rtinah itz &f € rom
in no way to be taken as’lifmting. Method of determ ning the anount
of aci d lbnpaneaNbiTREIPH [AFnih P L FRFVINIES 2afr febYBGOXYa1kYL

e SR TAPLS ot ShE O Camep et peopt o eedbobhe
<cured product, production process thereof, polymerization
initiator>

15 A cured product can be obtained by using the high-purity

' urethane (meth)acrylate monomer obtained by the present
invention. In this case, the high-purity urethane
(meth)acrylate monomer may be used as a single component but
it may be mixed with another polymerizable monomer to be used

20 as a monomer composition. Although a monomer
copolymerizable with the urethane (meth)acrylate monomer may’
be used as the polymeri zable monomer constituting the monomer
composition without restriction, a monovalent or polyvalent
acrylate compound or methacrylate compound, a polyallyl

25 compound and a polythiocacrylate or polythiomethacrylate
compound may be preferably used.

The mixing ratio of the urethane (meth)acrylate monomer
and the monomer copolymerizable with the above monomer may
be determined according to purpose. The copolymerizable

30 monomer may be used in an amount of preferably 20 to 20,000
parts by mass, more preferably 50 to 15,000 parts by mass,
particularly preferably 100 to 10,000 parts by mass based
on 100 parts by mass of the urethane (meth)acrylate monomer.

The copolymerizable monomer may be suitably determined



An N 10 potassi um hydroxi de al cohol solution (ethanol solution (to be
referred to as "neasurenent solution" hereinafter)) was set in a 2-n
‘mcro-buret, and a stirrer 15 was prepared. A graduated neasuring
cylinder was used to weigh 50 mM of ethanol and 50 m of toluene
accurately, and they were put into a 2003#% beaker and stirred and

m xed together by neans of the stirrer. 3 drops of a phenol phthalein

sol ution werg-@ggeinga £akkyp@tibo £8Pt Yspdd i fld @xadld W4 hhareolfutetIige
solution. 20 g of a sanple was_added to the above sol ution after

enpty titratP@hyamaYseFecay BRA YARESE CHVR HheCRBPHPASS 1P ASamsh ptene
the stirrer fw&fe&iaérgieleaOhifek&ﬁya@{éol WHdR! e SI0h 8t DAt Ve €
a

added to ca.r?y out 41 sanple titration with a volunetric solution to
obtain a titeriethelapehsdyeplcdloetiEiary tdte adietiagthy1enpagtyceh

the follgw ng, é[llyﬁ ' ' U (KO By 17 did Pl déinadriidte,
vol UITEtI’IgC sorﬁ |o%1&§9}<a1§?6 %Eg%é?llte ?f sanpl e (ggiy 1df1 In atlhjéﬁf[ °
above equat ilmhspheneprdsdnnethherivdetter, of the vol unetric sol ution

obt ai ned by .usj ng. t Al i | ut i t he
N'10 pot aseiam Ty i ARC AR R aER AR AR Aens AR 10
was 0.094. 1D, JHei an®ubtdobrohe-dameltdaics: vlvey wei yhithof yphenwt et hane

(meth)acryl ate nononer contained in the sanpl.e._ Eval i

stability atpﬁ%a??WSiyé%zggnfpgﬁo&?do SEi & :C?qug‘gioyff[]%}g{halate’
eval uatiion ofisiapiltéyephthheatione ddifalllhd ciongenthalaion, ofiallyl

sol vent, the existence af Rge preci pitati.on of a sqbg? apd a rjise in
viscosity wadthatREd: FhellyisPRRdY ST et a¥t oh"BF 4 %6l i d
on the wal | @fan1yeserlovsadate,cancantylateddithtsol vere, addalbylhe

purified 20 urethane (nmeth)acryl ate nononer was checked visual]y. As
for the exi stafenatea %Jrlsbéli#ﬂ%ﬁé%%%i‘%%b?%t%i%%‘gsﬁﬂfﬂ%ﬁéytﬁ% heRgne

by using a C@ﬁ{@ﬂzfﬁﬂégﬁbghﬁﬁemb@ag@ﬁ%a@wmiahd/i scosity before

and after purification were conpared and eval uated. 25 Eval uati on of

hi gh- mokéculrelyviehjpmethparyigte compourkls aiftuats on of a
hi gh- nol eculIal,r%yﬁig%ejﬁﬁgggkgggmﬁi%qre@h%é)’ut by neasuring the
[ I's har

wei ght of a so whi ¢ l'y soluble in tetrahydrofuran and the
measur enent lois 62 38creleghpliiobthyd ) sdhett @ncdy gel perneation

ChronatOgraqp@lé%gqmegﬁgcg§§8§ﬁ%ﬁﬁwﬁéﬁﬂy¥ﬁﬂéHEéﬁg?a%%yﬁ%%%%%h@ounds
and methacrylate compounds such as -glycidyl acrylate,

20 glycidyl methacrylate, P-methyl glycidyl methacrylate,
bisphenol A-monoglycidyl ether-methacrylate, 4-glycidyloxy
methacrylate, 3-(glycidyl-2-oxyethoxy)-2-hydroxypropyl
methacrylate, '
3-(glycidyloxy-1-isopropyloxy)-2-hydroxypropyl acrylate

25 and-3—glycidyloxy—2—hydroxypropyloxy)—2—hydroxypropyl
acrylate; and monomers such as divinyl benzene.

When the above cured product is used for application
in photochromic plastic lenses, a copolymerizable monomer
sﬁch as polyethylene glycol diacrylate, glycidyl

30 methacrylate, bisphenol A dimethacrylate,
2,2-bis (4-methacryloyloxypentaethoxyphenyl)propane or
trimethylolpropane trimethacrylate is preferably used.

An optical material which has excellent mechanical

strength, low shrinkage, high storage stability and high



42 urethane (nmeth)acrylate nononmer was prepared, and the wei ght of
insoluble matter separated by filtration with the quantitative filter
paper (PTFE, 0.5 pn) of ADVANTEC Co., Ltd. was neasured to cal cul ate
the weight ratio of the insoluble 5 matter to the purified urethane
(meth)acryl ate nmononmer. Measurenent by S%I per neati on chr omat ogr aphy
(GPO) Solid phase: KF8025 of Showa Denko K. K. (exclusion limt of

. 20, 000) Col werniohen tenperatce ea@E 4Dt Mbriedgb phaserin Bty amaddf thaae

Flowrate: 1 m/mn Detector: Rl detector 4 of Co.

Cai 1 br at | on ERULVRSERRAELE. BOPGLEy Perdcrnd s Ty taah e vharghne

t egr ahydr of urmét S ph gt iy0Atwasohbmaeasul aethed\psiange tievadbioven equh pnent
under the above conditions. In the present invention, the . .

hi gh- nol ecul BROWRFGRPEGnHERBRE (Hicgh Ho! RS S A ghePY L R) the
means the tahghomér hbehpaBliesshak iwei ghtpleargpaneisc haspguan . aver age
nol ecul ar wei ght nmeasured by the above nmethod which is 3 tinmes 20 or

more that of the JhHeiMan@ (FHeehyatigl afethendrérl &d RN eH98 0t

the hi gh- molgcudbas r vebghbnearRORGALIDaSR 1Ok tilieyar®ad ©f thethane
uret hane (nmeth)acrylate nononer is taken as the content (mass) of the
hi gh- ol ecul Eme el YRty EBRPIMRRPIS DRINB ANG BREATCST CARDUITSSE Zaalervith

The anopunt o} I i RABRY mg&@&g@ Y3 I
Fi scher met ﬁ%%g\ﬁés}?%‘égtﬂgﬁﬁgreg E?’s.tg%%r aquamal} er. (pro u(gl?m?alng: H_@E_
VKA- 210} 0of mKyot beEl @elyohinst aBnuf abrcuabPagehoteeiromrhe F@UaMs EF bR,

of M tsubhsnheéq%%#g%@%mf@coﬂﬁ&n $ Hsed B8 bk o£8feferably

dehydrat e was used as ‘a solvent.
0.01 to 30 parts by mass, more preferably 0.01 to 10 parts

by mass based on 100 parts by mass of the total of the
polymerizable monomer components.

15 The method of curing the photochromic composition of
the present invention is not particularly limited, the
photochromic composition can be cured with heat and/or light,
and a polymerization initiator may be optionally used.

The polymerization initiator used for thermal curing

20 is not particularly limited, and examples thereof include
diacyl peroxides such as benzoyl peroxide, p-chlorobenzoyl
peroxide, decanoyl peroxide, lauroyl peroxide and acetyl
peroxide; peroxy esters such as t-butylperoxy-Z-ethyl
hexanoate, t-butylperoxy dicarbonate, cuﬁylperoxy

25 neodecanate, t-butylperoxy benzoate and t-butylperoxy
isobutyrate; percarbonates such as diisopropyl
peroxydicarbonate, di-2-ethylhexyl peroxydicabonate and
di-sec-butyloxy carbonate; and azo compounds such as
2,2' —azobisisobutyronitrile,

30 2,2"-azobis{4-dimethylvaleronitrile),

2,2’ —azobis(2-methylbutyronitrile) and
1,1’ -azobis (cyclohexane-l-carbonitrile).
The polymerization initiator which is used for opiical

curing is not particularly limited, and examples thereof



nmonomer was cal cul ated fromthe foll ow ng equation by obtaining the
specific gravity pm(g/cnR) of the nononmer and the specific gravity
‘pp (g/cnR) of a cured product of the nononer. 5Shrinkage factor (% =
(1- pmipp) x 100 The cured producg of the urethane

.(meth)acryl ate nononmer was nanufact ured By a nmethod which will be
descri bed hereafter, and the specific gravities of the nononer and
the cured prodottdeerenneasurieehbyia mastiol afdiany dengerionbusy l16tber,
a picnoneter, (JIS ). r ct angd pro i

fhoreof. - PAM=GpRERTL: AERERDRERANG, Cofmotr e Sk SBsRE R B hone.
radi cal pol yaketRakiyaneitppheabore,was i njected into a casting 15 nold

conposed of | ass_pl ate and.a_gasket -made of an ethyl ene-vyin
acet ate copo??ﬁ% r??ﬁec rF'ﬁ%g’é’tl a %%?R%tfo%n%b RENEY Retny
manuf act ur e pe€eyred product. Pol ymerization was carried out in an air

furnace by gradually raising the t erature from30C to 90C over 18
hour s and’ 2017kf it &PRFAGVELRE SPaperat - Y TN bhY SPRORTS. LAPLEr

the end of pplyyBEbZGLLBNoha YAl YHEKy VA HorkeN 20tk obrrofyiineh gbASSthone,
casting nold to obtain a cure i zed | anm nate and

, _ roduct_. Phot opol yner _
producti on ppbeédsit RerEdmethyl Zﬁ*@f)i%@mﬂ%o%bg?t ABH

contai ni ng 0po haabinei Adili-81 of, Masr AReth eOpERL Y gnsYphaae
of a substrz?ggg%agi lrﬂr{g{g:&gt%g \%i@ltzk?@ﬁ)ght' Wit h which ?ﬁ% yie b
phot opollyner¢zddeeon initiator could react in an inert gas atnosphere
so as to obtain a cured product having a cured .30 filmon the surface
of the substrate. CR39 (refractive index of 1.50) which is an allyl
resin pl asti<phenschasmasedoapotie>substrate, and the pol ynerizabl e

nonomer conpositi i . ilmgﬁ ns g‘]; .
1H DX2 spin coat e%%%%l%‘%g&ggrgﬁt%g% 1 é%qé%’neﬁgﬁgl ?%gg‘i”é?r%lc
was used 44caspauhdghsusbuzsechonenadiangothdspofyheinzdbl eomphongs,
conposition in.a nitrogen gas atnopspher.e for_ 2 mnutes to

obt ai n %Lﬁe ciﬁjeﬁoﬁ?‘%aﬂlg?. cgmﬁyéllnﬁlf’i SR ot oc ?%ér?%n%rgogégti es and
weat her resisiangedazole cAmpbanadehimy ke ursst producht wasstsedtasna
sanpl e, and a beam havin ag intensity .of 2.4 mMNcn? at _a_wavel eng'grg

of 365 nm anth9¥% P che HEe Cedt HIbeB ik bR t A EUPf SEe™

The above fulgimide compounds, spirooxazine compound,

spiropyran compounds and chromene compounds include
20 compounds disclosed by JP-A 2-28154, JP-A 62-288830,
W094/22850 and W096/14596.

There are known chromene compounds having excellent
photochromic properties besides those described in the above
patent documents and may be preferably used as the component

25 B. These chromene compounds are disclosed by JP-A
2001-031670, JP—A.2001—011067, JP-A 2001-011066, JP-A
2000-344761, Jp-A 2000-327675, JP-A 2000-256347, JP-A
2000-229976, JP-A 2000-~229975, JP-A 2000-229974, JP-A
2000-229973, JP-A 2000-229972, JP-A 2000-21%9678, JP-A

30 2000-219686, JP-A 11-322739, JP~A 11-286484, JP-A11-279171,
JP-A 09-218301, JP-A 09-124645, JP-A 08-295690, JP-A
08-176139, JP-A 08-157467, US Patent No. 5645767, US Patent
No. 5658501, US Patent No. 5961892, US Patent No. 6296785,
Japanese Patent No. 4424981, Japanese Patent No. 4424962,



10 of the lam nate was applied fromthe L-2480 (300 W SHL-100 xenon
| anp of Hamamat su Photonics K. K. to the sanple through an aero nass
‘filter (manufactured by Corning Co., Ltd.) at 23C for 120 seconds to
devel op color so as to neasure the phot ochrom c properties of the

| ami nate. 15 1) Maxi mum absorption wavePéngth (Amax): This is the
maxi num absor pti on wavel ength after col or devel opnent obtai ned by
means of theyspechyophakenekepoOthZPP36008,i pspankaeepdsent No. 4369754,
mul ti - channel phot odet ector) of X suka El ectronics Co., Ltd. 20 ;’2{56 5,
maxi mum absod@PapASAaTREEREt Noi-s 460R0Edre dARANE TR LT LR t f
col or .devel 0@6@@&7/08235@' oryppt bedls-denside, [Ht-1RWoooe69Tba, TbPSAI S

t he difference between abSorbance fe(120)1 after 120 seconds of

exposure at 20@9apd680maIPmAM28890IEI0sh WRARATERR Fare (¥ - 261 dnbdr-
no exposure at the abgye H‘EXN%“W%%%VBH“ %;ﬂ%’@é@“@é@eném&an@@?ms

sai d t hat as‘?%%l 3°Val ué Becomes hi gher, phot ochrom c properties
becone bett efapaB}sdegatensf Noet ér1|56r2§t9|,onT6(P@n£E[€( 1Bapeyr AdY - x41DP27,

The follow ng deterio gsle%r% eronlﬁfll%rhE{]BeStJ 55681 e6lg oyt 5Qp§Qe§e

eval uat e t he’ tRatHgr FS$tance o dt ochroni ¢ cured pfoduc
exposure. Thpatést Nbe deﬂeﬁrf@r,awa@mr@fset @Eﬁn@h@d photaghronic

Suga Test 1 mee?iaRb2FREE FOAUHRR G0 Yot F el e P 2T Ry

col or opty capppd52densi7t yTmas mwz‘mbpfmm afattemtt Ne .t 8522189,
and the color optical densit AO) hef or r,

opti cal dens‘l“@%gg%é%?%fzt'e?g?%% %% a:?ﬁf%%@’o J%E?‘a?ﬁé)g et
of [(1- AZOO)#Jé\@boZ/@@@hlqsahhiemW/eﬂam deterioration (% 5 whi Ch IS
used as an index of the weather resistance of a photochrom c cured

product. As the deieeeofh8ePERREPAEFEN PHOCHTEE TMhvierCoMRRIRES: Roy ©F
esistance ofyibe phetachtomiye cunet prafucly bosagRs: highani 14ty of

degree of colorati he degree of coloration was 10 neasured
by usi ng 5 heph@t@c:hapmﬁ@r @ﬁ@@%l@s (s o tdTe IS RO HRSR T PREE r GRABRPENAS

Co., Ltd. A gﬂ%ﬁfv\%@egl rgpyré\l? g&t €54 YA 01 QUL 'd%@lstﬁ:%t aWaSfading

desi gnat ed as use as an i ndex of the degree of
col oration cspsed d:Lyt dét};ércpmfahr@nlcIHrqmr’Qﬂee%bzbdet%@treéseqthénﬁthon

val ue bec_orre§?15 SI gor O%i’)eh%\@g{ c}rﬁﬁcﬁﬁﬁéén%é(}} éaj?leb%uﬁggtﬂwﬂﬁﬂy

becones hi gh reduci acl d conponent
201, 000g of préﬁanabayahbﬁdavallable al i phatic urethane acrylate

nononer _having a cture r S 3\% t.he I I{K%r{}g Gactd

val ue 012%5 0 rrgKO—é‘E %7 h3 rﬂﬁ%?uﬁﬁ |g?1‘fh|rcr’r%g%‘zlcggﬂl§ ent d‘ °

mass% 2 acryk@yéntugﬁf:eaaabngmeupsefmabnycamnnomeﬁe&baeed_ppqmpound
particular preferably an indenonaphthopyran compound
represented by the following formula out of the

chromene-based compounds.

25 , .
(In the above formula, R to R*® are each independently a

hydrogen atom, hydroxyl group, alkyl group, cycloalkyl group,
alkoxy group, aralkyl group, aralkoxy group, aryl group,



25(rmass)) was dissolved in 3,500 g of toluene and stirred and

di spersed conpletely (first solution). 0 H2C=CH C-0-CH2y 9 cY2-0-Ph
"CH O CNCH2N-C-0-CH Hl Ph-O- CH2 0 H601-12-0-9-CH=CH2 O 300 g of
Kyoward 200 (Al (OH) 3.nH20 (n=0.5 to 3), nuf actured 30 by Kyowa

Chem cal Industry Co., Ltd.) was added t0 the obtained first solution
and stirred at 25C for 8 hours. 46 After the end of agitation,

Kyowar d 200 wabstillttsesdaning qmmbaﬁﬂhgaam\aélﬁyih gépupaspean(a\byl gyoup

of ADVANTEC Cp., &di t]l_léu 1{1\%{ gpg %Jblqt% ¥ A%on

acryl ate mondie? Tont a ne A ne eco i on was

mKOH g in tasmsheteaormlrmwamd H’d&mdedaoan‘dhemim:tncwercenbai, negh 9o 6eoup,
ppm (mass) of .water based,on the urethane noner. (2) Step
(2) of dehydPéfw'll%Sngfﬁ(‘)lpg @faqto%?sf} a‘ﬁﬁmﬁer}}%ﬁ %’(% %Vecglrar FPgi eve 4A
10d(dianEierh%go@eﬁoﬁ&ko&@ﬂgiaopurfhhéalNﬁanRHQEOEhEHi@akyl group, and
| ndustries, Lt assa_dehyd ent added to the. above

t ol uene sol ufi or‘??%jf Rhem ﬁiye fa é’nglgﬂ/ S¥RohdE LB ut i on)

and stirred at 25Crher abkhougsoupnd st hl%to ﬁl&ﬂlﬁ@ﬂ:wlpﬂnMéd but
filtered with the PTFE filter paper 15 (0. 5 nlnof ADVANTEC Co., Ltd.

The obt ai nedPtREEE2ENURITOR IOt HTRItP 1h53‘0’6m§) Fﬁags?aSPC’%ala&omﬁased
on the uret hﬁeef@'f&lébaéﬁaﬂ?mégeiheﬁé’af $ren ud® mefchgqr@ybng cwgn @roup,

sol vent Then, to distil f toluene fromthe third sol ution
distill & onPsPPYSf JrREPs @nFeUtiEs TERYR ed out under a reduced

pressure of 10 pm"%% ﬁgﬁoéﬂc?@ QQHE §Q RQEaerélEH&bfr'lgdan@&@@”%ut

acryl ate nononer. unt o |dua tol uene was 0.2 mass%
The preci pi taredarebly sotlvdlmad kydt gseepy bavilmg Waltle of garbget gEoms.

used for thep,..rerred examples of the cycloalkyl group include

cyclopropyl group, cyclobutyl group, cyclopentyl group,
15 cyclohexyl group, cycloheptyl group and cyclooctyl group.
The alkoxy group is not particularly limited but
preferably an alkoxy group having 1 to 5 carbon atoms.
Preferred examples of the alkoxy group include methoxy group,
ethoxy group, propoxy group and butoxy group.

20 The aralkyl group is not particularly limited but
preferably an aralkyl group having 7 to 1l carbon atoms.
Preferred examples of the aralkyl group include benzyl group,
phenylethyl group, phenylpropyl group and phenylbutyl group.

The aralkoxy group 1s not particularly limited but

25 preferably an aralkoxry group having 6 toc 10 carbon atoms.
Preferred examples of the aralkoxy group include phenoxy
group and naphthoxy group.

The aryl group is not particularly limited but
preferably an aromatic hydrocarbon group having 6 to 10 carbon

30 atoms or an aromatic heterocyclic group having 4 to 12 atonms
forming a ring. Preferred examples of the aryl group include
phenyl group, naphthyl group, thienyl group, furyl group,
pyrrolinyl group, pyridyl group, benzothienyl group,
bezofuranyl group and benzopyrrolinyl group. Substituted



25 distillation-off of the solvent and in the purified urethane
acrylate nmonomer, and a.rise in viscosity was not observed. Wien the
“wei ght measurenent and GPC neasurement of an insoluble conponent were
made on a 1 mass% tetrahydrofuran solution of the purified urethane
(nmeth)acryl ate nononmer, 30 no high-nol ecgBar weight inpurity was
seen. The anmount of water was 600 ppm (mass) and the acid val ue was

0. 08 mgKOH r%—fe/gfg{lﬂ%gk@ﬁ%aﬁﬁ%ﬁo%fofsu%iﬁiﬁtiifﬂcf%r% ed Paferacrhydaden
nononer was 6.2 % 47 Exanple 2 (1) Step (1) of reducing acid
conponent  atoms 19000heofhralcomesiociPyl 1By sakitidBiental s pHat#e the same

ur et hane acry] at hayi C Sami
For T om ng - (oHRLE TP by R B g g AR e & P prmino

i mpurity conjemipéfavir® anssl%yRgaonpl @ybEnfamect genale grbehd,s daseribed

content qof 900, ppm (es di I 1.n 3 3 n d
stirred nd%a?%%%fs 1 %3%%?%?§?¥C§??r§?ggglﬂ ygﬁg.ggﬁitEBBQE qtéilas a
lal—c-ngc3H6]: On&r€tschRof 20dCHoNAE Mia tHe 1itiN-Ogon G3HEMOmEY CREepRbe
g of Kyoward 200 (of Kyowa Chem cal Industry Co., Ltd.) was
added to thép%%fgfﬁgﬁyff &l sol ution and stirred at 25C for 8)hours.
After the end of aghd adihes:i Kyovar 8m2A0 wasubShbiiihgr ed milkllt pgoup or

quantitative filter paper (No. 2) of, ADVANTEC Co.. Lt usi
Nut she. The 2RiJFYVhl P hHe? u?‘%?%%h%u%% yjrﬁt%r%%B?rg}yc%ﬁ?%Fﬁgg fpom
t he obt gigned, segoadi 6! Birbap , Was 20183 KA @rdup | ednplahincngponpr and
T s second o eyioming Gotp: and 2xdplas Eheredr RAEThAREEPTaRERo
’
group, ethylamino group, phenylamino group, dimethylamino
group, diethylamino group and diphenylamino group.

The heterocyclic group has a nitrogen atom as a hetero

15 atomanuiisbondedviatherﬁtrogenatom,andéxamplestheredf
include morpholino group, thiomorpheolino group, piperidino
group, pyrrelidinyl group, piperazino.group,
N-methylpiperazino group and iﬁdolinyl_group.

Examples of the halogen atom are fluorine atom,

20 chlorine atom, bromine atom and iodine atom.

The halogenoalkyl group is obtained by substituting one
or more hydrogen atoms of the above alkyl group by a fluorine
atom, chlorine atom or bromine atom. A halogenoalkyl group
substituted by a fluorine atom out of these is preferred.

.25 Preferred examples of the halogenoalkyl group include
fluorométhyl group, difluoromethyl group_and
trifluoromethyl group.

The halogenoalkoxy group is obtained by substituting
one or more hydrogen atoms of the above alkoxy group by a

30 fluorine atom, chlorine atom br bromine atom. A
halogenocalkoxy group substituted by a fluorine atom out of
these is preferred. Preferred examples of‘the
halogenoalkoxy group include fluoromethoxy group,

difluoromethoxy group and trifluoromethoxy group.



20 urethane acryl ate nmononer. (2) Step (2) of dehydration 100
g of crystalline zeolite (Ml ecular Sieve 4A (dianeter of 1.6 mm
‘manuf act ured by Wako Pure Chem cal Industries, Ltd.)) as a
dehydrating agent was added to the 25 above tol uene sol ution of the

ur et hane acryl ate nonomer (second sol uti®h) and stirred at 25C for 6
hours, and the obtained solution was filtered with the PTFE filter
paper (0.5 pm) of TARVANHEG Goys didupThe eblained byl edbsalithitamg the
cont ai ned 1,200 ppm (nass) of er %ased on the urethane _ 48

acryl ate nomoggen (Bjosted 8§ BPOVENBVKAF YorIFaN: WoI% et fur atom.

Then, to di Sflfelrﬂr P%édté);{ yene-Eroput-he £t Rind (3@ WiHihe il group,

distillation- he so vent was carried out under 5 a reduced
pressure of mdﬂmhtgmwf@ndmh@epgomxo’otga‘wza purified urethane

acryl ate NONONEr . he c%jﬂdy 1he.resi dyal 1 halug Smtqtéhm%he
a so

The prec pitation R not seen on the of a reactor
used for th@p@t@énldwdmmfotheo&bohe safla\lé’-lWYamqqp tlfh«e PpUiEieg atom.

observod. WG THE! S ShENRLES Y CRERP and AR R 7t gep and

i nsol ubl e cajmaflﬁmhw\l&yle gadepon a 1 nass%tetrahydr ofur an sol ution

el ght | mpur y WSS eenS TR 8P 18" akor Wb 00 BES L dads
wei ght inpurity er Was p M ass
and thejaci ¢ atdiea e abh @Blpg&&bglydﬂtﬁ:a&wdamkagq Haetog dofo tifecarbon
purified urethane acryl ate non

r S 8.4 % |e. 3 20(1) Ste
(1) of redudtifiisci dAcoRFEHEtitt 1y ocia%@ngrbpgnﬁugpi Bﬁagg‘%l ne)
ur et hane aCH@ﬁﬂfhéﬂ%%%ﬁ”pﬁ%ﬁ%ﬁ@hﬁeﬁéhﬁﬁﬁmﬂhﬂéﬁ&@§@nﬁedebyohﬂensed to
fol | owing fornula and obtained by reacting

hexanet hyl erféel a8-idh oy dhed 2o FROD - FiRIg ox YD R4 LRIG i Gy dERFyrbon
val ue of 0. ,{g’ﬁ%%?@é Jﬁqitm ecHb@p ¥ei ghkok Pryrbby E@ﬁiﬁ@tlo’ﬁo 5
ac

0.0 mass% unctional™ groups, water content of 1,200 ppm
(mass) ) 1has o gt wedrianas @@@b@t@ftl@myl £@éttat0éll@ﬁ&ysz>r?ﬁ@ar§ﬁ‘drlngs

di spersed conpl e S n hownObe®ow, the carbon atom
H2C=CH- 8- 0- (ﬁnﬁ%%lqg%gé]ﬁ% T b ingss shourceetos 5T €25
(spiro carbon atom having two bonds at the lowest position

corresponds to a carbon atom in a five-membered ring bonded

to RY and R'®.

o 0 Q) s

Preferred examples of the indenonaphthopyran compound

20

used in the present invention are compounds represented by

the following structures.



30 200 g of Kyoward 200 (of Kyowa Chemi cal Industry Co., Ltd.) was
added to the obtained first solution and stirred at 25C for 8 hours.
"After the end of agitation, Kybward 200 was 49 filtered with the
gquantitative filter paper (No. 2) of ADV@HTEC Co., Ltd. using a

Nut she. The acid value of the urethane acryl ate nononer contained in
t he obt ai ned second solution was 0.04 ngKOH/ g in terns of a nononer.
Thi s second 5 sol ution contained 9, 000-ppm of water based on the

uret hane acryl ate | . (2) Step dehydrati on 100 g of
crystalline z¢oly i )
manuf act ur ed Dy >
dehydrating agent 3 to the abg
t he urethane acryhy

dcetate sol ution of
n) and stirred at 25C
for 6 hours, and tered with the PTFE
filter. paper (0.5 pm ADVANTEC Co. ,%4tkd. “The obtained third
solution 15 contained 1,900 ppm of water based on the mass of the
uret hane nethacryl ate nmpnonmer. (3) Step (3) of Vi Nng organic

sol vent Then {still off ethyl acetgz m the third
.solution, the dist Ye solventqgﬁ af\ri ed_2Q, out
under a reduced pr &S ' LES
purified urethane acr ober. The anount of e residual ethyl
acetate was 0.1 nmss W precipitation of a sﬂll. as_Nnot seen on
the wall of a reas i

and in the 25 '
Vi scosity maﬁﬁgot observed. \Wen the wei ght neasur enmenfCand GPC

measur enent of an insol uble conponent were made on a 1 nmass%
tetrahydrofuran solution of the purified urethane (neth)acrylate
nononmer, no Bxghphebecul ar wei ght inpurity 30 was seen. The anount of
wat er was 700 ppm.{.na and. the aci d val

shrinkage factor o h? ﬁ‘:?lpluor“f]ﬁ%&x%rm gheasngggcffé\g?g?ggéowe\%ggIg%feﬁf
Conpar at ibve Bxatpeée 11 ddtrating tHor poeysarti savenafitcer bhhea st em ab way
reduci ng the_acid copponent .was . carried out in the sane manner as in
Exanpl e 1, the E?ebaggnrgﬁnéﬁﬁdtﬁﬁg'organic sol vent was carried out

wi t hout carrying out the step of dehydration. 5(1) Step (1) of
reduci ng acid conponent ., .1,000 g of the sane aliphatic urethane
acryl at e noriéHERCAsCF nABkSAPE-E 119 &S0 AR WY cﬁ'PSa‘??bé nfg?{@l?@?nt: '

hi gh-nol ecul ar weig{d #dPLGwLiNg COME Lt i6h Pad BE5Yed20aEr¥bWétermine

functional groups, water content of 1,500 pgn1(nass)) was di ssol ved
in 10 the amount of the acid component contained in the urethane

(meth)acrylate monomer to evaluate the acid wvalue.

An N/10 potassium hydroxide alcohol solution (ethanol
solution {to be referred to as “measurement solution”
hereinafter)) was set in a2 2-ml micro-buret, and a stirrer

15 was prepared. A graduated measuring cylinder was used to
welgh 50 ml of ethanol and 50 ml of toluene accurately, and
they were put intc a 200-ml beaker and stirred and mixed
together by means of the stirrer. 3 drops of a phenol
phthalein solution were added to carry out empty titration

20 with a volumetric solution. 20 g of a sample was added to
the above solution after empty titration and stirred and mixed
with the sclution by means of the stirrer. Further, 3 drops

of the phenol phthalein solution were added to carry out



10 3,500 g of toluene and stirred and di spersed conpletely (first
solution). 500 g of Kyoward 200 (of Kyowa Chemical Industry Co.,
‘Ltd.) was added to the obtained first solution and stirred at 25C for
8 hours. After the end of agitation, Kyoward 200 was filtered with
the quantitative filter paper 15 (No. 2)4bf ADVANTEC Co., Ltd. using
a Nutshe. The acid value of the urethane acryl ate nononer contai ned

in the obtai yied, 58¢QRG- 23194 28h RS0 uR8 Lt FEIKQE Dut Toh @b tdiRa titer.
nononer. The second sol ution _contained 11, 000 Cgpm (mass) of %ter '
FROVPRgENE

based on thelle ettibhedaefyrateudsndmsr thro@Hi el ¥8)1 5P
organi c solv ; hgp;ioho distill off toluene fromthe above
second sol utlfég%]fowhrégdie-grti T ati on-of f -of the solvent was carried out
under a reduketd prajoser(@BfOR/E ImmHg1Ae T50CL | of TBOKovPSURBtBhESF Pl Rt1ion
purified.urefhang ac n 1 -The,amount 25 of the residual

t ol uene \‘Z’/as %% ﬁassé/g%ahg g?eglggjib%gt rt?r% of a small anobunt of a white
solid (insoluble rtdre aws s eguadn drhe fnakbrefseatseabeofagsed pérthe
the distillatipn-off.of t % - i sjit rose by
30 % \Wen t‘ﬁ%f ie%ﬁ%cn%%gg;g%nt%matﬁ&%%%lc%a%éuﬁﬁe%tél%%g%%&?nsol ubl e
30 conponenthytrecnbdeionaaill wedstitoet.r afiy difoftineat /dd) ytdters ofum he

urified urethane t h) agryl at noner, , 1.2 .mss% of I | ;b
Eonponent vv;%y ?%’(ﬂ%gg(?q%ﬁ?&%l. ﬁoﬁﬁg‘é Por> & APgH S 8&’&%‘%@@%‘?8@% HPb8a.

i mpurityphaving amevhecuFacheeisghiolehiich thas e ighesoOrtinorer ¢ hhanef
the urethane acryl| ate nmononer 51 was confirped by GPO nmeasurenent.
The armount of ™k LRCHES2ES2BEFEMTY( ﬁﬁ?&)a%#eﬂé SV UR was 0. 09
ngKOH g. -The shrinkage factor of the purified urethane acrylate
nmononer was 6.2 % Conparative Exanple 2 . For conparisopn,

conmer ci al | yEeRhRa bR at phabéd &y Bén thss Wid 9h %?Igg%mb?a*fh‘én of

i norgani c-adsQoibgnt.in the step of reducing the acid conponent. _
101,000 g of the sanme aliphatic urethane acrylate nononer. as in
Exanpl el (aci d vafer Wie 5evalugkorngothsrbidiidculadr s ghitms mphirfhs
content of O 9 cryl ayl. f i 0 OUDSe t tent of
1,500 ppm (n%(%g?%?%%tg?gsg?fvgd S,iorjf%%,qlgedoqg{eo%tol ue?%@aﬁfd 1gl'?(?rred and
di spersed canpéeiplyatipnsef B5seblidtdamh ) rigeginfvisadaidneracasponked.
("Purified i rasagl; of N. pp Envi.r ' . .

to the obt aisfr:ré%l ?‘}l{r%FeggFu??oﬁﬂgng\%tcﬁﬁlgt?%%rgSOgjfaorg{’B %uar!@.st%%?‘g?ll
the end of agf tatéose]l tlzedbd aiorecrsotaite chewasl ¥ént ensdimitile pheified

guantitative filter pape No. 2) .of ADVANTEC Co. . USI a
Nut she ?b re%%J%h?ﬂ% z’g?ﬁ};?gﬁyigrtﬁoﬁl.onﬂgnee facld v(:éllﬂl‘ét]ée]g%(fi %%3‘%?% hane
acryl at e nonpaertige®M:aideshdd dhe elitsai nedviecosdiyol theoniwassbtglwas
nmgKOH/ g in terns of a nononer. T erefor%,fé{sg(e effect of reducin

th
acid val ue BR2eRFPENBYyIFSRY & fEE ' Re Q/a‘fjlféc%%tf%rho?n%eghanges

reduced fullyy il ¢ BFYRNENS £PSe VeI e NP c£8l 6h @k r@ltompared and
Conparative Exanple 3 (1) Step (1) of reducing acid conponent 1,000 g
of the same @V#pRAELE-uret hane acryl ate mononer 30 as in Exanple 2
(acid valsue of 0.95 ngKOH g, high-nol ecul ar

Evaluation of high-molecular weight impurity:

The evaluation of a high-molecular weight impurity was
carried out by measuring the weight of a solid which is hardly
soluble in tetrahydrofuran and the measurement of a A

30 tetrahydrofuran solution by gel permeation chromatography

(GPC). The measurement conditions are as follows.

e Measurement of weight of solid

A 1 mass% tetrahydrofuran solution of the purified



wei ght inpurity content of 0.0 mass% 2 acryloyl functional groups,
wat er content of 900 ppm (mass)) was dissolved in 3,000 g of ethanol
and stirred and di spersed conpletely (first solution). 250 g of
Kyoward 200 (of Kyowa Chem cal Industry 52 Co., Ltd.) was added to
the obtained first solution and stirred @ 25C for 8 hours. After the
end of agitation, Kyoward 200 was filtered with the quantitative

filter paper (No 20 ol  ADVANTEC, OBy kil HSbnoedo M hendbRCAR thne

value 5 of t acrylate nononmer confa in the obtalne
second sol utépnines10b03 mgKOHkg sepatretest &fy & inidrateion ™iet ks ettiomd

sol ution contained 31,000 ppm (Mass) ter _based t ha
acryl ate nordwertitafigedy(Hr BPP?&T@%%’ @r&a‘ﬁ?)cogg{b/\}m%?ﬁéhﬁ%%‘
distill off gibansdsdremideseadntsahe wedghtheadiist b @té dmoffulpie
the sol vent was carried out under a redyced pyessure of. 10 at

50C Tor & hoWRSEEs BBt PR RUBAELALd GEEORE R ) AT T Ty O RE:
anount of thg pesiddahefth8olyenap etk aFETH ochinpi ®pt fptipt (GPCPf  a
smal | 15 anount of a white Solid (insoluble matter) was_seen oy,the
wal | of a redelbd Riveeef FFEGMRS Ml Shovwa DeRker K-5f (RECLBPYERL 11 BAE °F
t he viscositgoaéoépc rose by 20 % Wen the wei ght neasurenent and

GPC neasur enent “of "an insol ubl e conponent were made on a 1 mass%
t et r ahydr of ut@husol aveontefiperat2TesurdiXiCed uret hane (meth)acryl ate

nonomer O'ﬁﬁgﬁfﬁg?%ﬁgﬁg@ Egighﬂgh%d%gﬁggpent was produced and 0.4

nass%)opoa arar weight “inmpurity having a nol ecul ar wei ght
which is 3 tirbes pateoré tAdmiof the urethane acryl ate nononer was

confirmed by GPC peasur &é. The a &gév was 25:2,4900 ppm
(mass) and thRe EEFErVaIﬁgf %t%FYf¥f$§ é% @%EgéﬁrlnRége actor of
the purifiedcalebhaneoaceyrake muROWEYTdNG18skt ¥Wherf¢ here is no
Exanpl e 4) 30 Exanpl e 5 (experi t on conparison of stora .
stabi I ty) et e T AR BRraNa Rl SohBaRE vas
as in E&@D'ﬁegsﬁ@éadbxahwn@f Q9 B O @ i g nphde| alte webghe
impurity content of O. nass%% 2 acryl oyl funct, onal .
conditions. In the present’ invention, the high-molecular
weight component (high-molecular weight impurity) means the
total of high-molecular weight components having an average
molecular weight measured by the above method which is 3 times
- 20 or more that of the urethane (meth)acrylate monomer, and the
area% of the high-molecular weight component based on the

area% of the urethane (meth)acrylate monomer is taken as the

content .(mass) bf the high-molecular weight component.

25 Measurement of amount of water
The amount of water contained in the monomer was
measured by a Karl Fischer method using the Karl Fischer
aguameter (product name: MKA-210) of Kyoto Electronics
Manufacturing Co., Ltd. The Aquamicron of Mitsubishi
30 Chemical Co., Ltd. was used as a titrant, and dehydrated

methanol was used as a solvent.

Measurement of shrinkage factor:

The shrinkage factor of the urethane {meth)acrylate



53 dgroups, water content of 900 ppm (mass)) was heated at 50C in a

ni trogen atnosphere and stirred, a small anobunt of a solid was
‘precipitated on the wall of an oven and the viscosity rose by 20 %
after 24 hours. 5Meanwhil e, when the sane_operation was carried out

by using the purified urethane acrylate fdnomer obt ai ned in Exanpl e

2, the precipitation of a solid was not seen and an increase in

Vi scosity wason@he@b&agvedievaen talid ardad trauriel ldwisg uadgets st eodofr om
this result that the storage stability 10 of urethane acrylate
purified by eheahpinedtee sPrCPFESdaYHYEMM 6%/ F8 hidhthexaappaes and
(1) Step (1)tﬁé Lgduging %%b@i%gnﬁpngegcﬁ5 , 8805 9-Qtc8NpabbRbat b€ the
ur et hane acryl at e nononer “represe te y the follow ng structural
formul a and BbRairf&d by reacti ng i sophorone diisocyanate with

2-hydrOX¥pthyI acrgﬂgiﬁkéggggagﬁégeégs2;é§§§f2§$b¥p < M @h- nol ecul ar

wei ght ifMpurity conten Ss unct T onal gr oups,
20 nol ecul ar wei ghthefcusdd pardrcEonteibeotirgddansm (waidy)acHaate

Crirot col utnonsiesdh RN A By ble A0 fH PRPIART SO fq e
N C 0- C2H4-Re C=EEEEHR &hd the5pked fj cobrKydwaed 200t {ofnckypawe and the
Chem cal | ndustr was added

. Co. o Ltd. ined. f '
and stirred SireRCOTORUEEnBFE ARt OFCPngY RGP Ng) AL Bt KN oE

200 was 10 or a picnometer (JIS K22489}).

Cured product and production process thereof:
A polymerizable monomer composition containing a
radical polymerization initiator was injected into a casting
15 mold composed of a glass plate and a gasket made of an
ethylene-vinyl acetate copolymer to carry out cast
polymerization so as to manufacture a cured product.
Polymerization was carried out in an air furnace by gradually
raising the temperature from 30°C to 90°C over 18 hours and
20 maintaining the temperature at 90°C for 2 hours. After the
end of polymerization, a polymer was taken out from the glass

casting mold to obtain a cured product.

Photopolymerized laminate and production process thereof:
25 A polymerizable monomer compesition containing a
photopolymerization initiator was applied to the surface of
a substrate and irradiated with light with which the
photopolymerization initiator could react in an inert gas
atmosphere so as to obtain a cured product having a cured
30 filmon the surface of the substrate. CR39 (refractive index
of 1.50) which is an allyl resin plastic lens was used as
the substrate, and the polymerizable monomer composition was
applied to the substrate by means of the 1H-DXZ2 spin coater
of MIKASA Co., Ltd. A 150 mW/cm® metal halide lamp was used



filttered with the quantitative filter paper (No. 2) of ADVANTEC
Co., Ltd.) using a Nutshe. The acid value of the 30 urethane acryl ate
‘monomer contained in the obtained second 54 solution was 0.02
ngKOH g in terms of a nononer. The second sol ution contained 6,000
ppm of water based on the mass of the uréthane acrylate nononer. (2)
Step (2) of dehydration 5100 g of crystalline zeolite (Ml ecul ar

Sieve 4A (digyefef; Qht 1sbubPe RBNUfaGYEed h €i £Xe1é cabnomer
I ndustries, Ltd.)) as a dehydrating agent was added to_the above

tol uene sol LEITPEDILiAR LReBhAAETRORN S0 ROASHERN G doHd SdMR TR SO

and stirred hgur s..,-ard &Q@qu obt ai ned sol ution was
filtered wt tﬁécéﬁgé ?i lter nger 5 pn) of ADVANTEC Co., Ltd.

The obtained third solution contalned 1 200 ppm of wat er based on the

mass of ghe é"eiq;ﬁ%g%?ggg&%ﬁﬁgp%o Dy tjfsétser)ar(@)wé’étl’i@fmv' ng

organi c ol veh I'sti romthe third
solution, theesistahtati on-off of the solvent was carried out under a

reduced pressure of 10k a1, S0C.Lor 8 haus,La obLAIAL 3 Bk Eedna

uret hane acryl ate anoun the residua uene s 0
mass% The pg aod4m thadvang ofn arsodn ol 29 o rﬂotmtrt/eﬂrﬁ an ah‘eawalen@thaof
reactor used for the distillatjon-off of the ﬁg@%%and in

purified uret®add #8C)PAt 7 AsRoREr 2 YAUSLeRES 58§Ppyt&§ssﬁ5face

observedg Wien tthe 1wmtémmxra@mﬁ1ecarfd:oa°emasammem8OOfWanSHL 100
0
i nsol ubl e conponent were nade on a nmass% t %Ighydr uran 2§e through

sol ution of %?ﬁp%d¥¥%?éﬁ'UF@?W&H@U(RE?F?Q&Fﬁl

hi gh- mol ecul &% a@f&hﬁaémmarwefﬁars@eactirb@daapuobmimg/aa:er vasd4p0at
ppm (mass) and the acid val ue was 0.02 KOH g. The shrinkage factor

of the purif23dC uFe¥ hh#@ REYNEP et FOABHLR] oRagoéOB 5 38 ERdAprELFS(1he
Step (1) of %/xf&‘&%ﬂﬂoﬁ%dp%ﬁ%%%@s of the Jia&%aﬂt@f an aliphatic

ur et hane acrylate nononer represented by t
foll ow Agstructural formul aandobt ai ned

1) Maximum absorption wavelength (Amax) : This is the maximum
absorption wavelength after color development obtained by
means of the spectrophotometer (MCPD3000 instantaneous
multi-channel photodetector) of Otsuka Electronics Co., Ltd.
20 The maximum absorption wavelength is connected with color
at the time of color development.
2) Color optical density [e€(120) - ¢£(0)]: This is the
difference between absorbance {€(120)} after 120 seconds of
exposure at the above maximum absorption wavelength and £€(0)
25 underrn)exposureeﬂ;theabovenmximumabsorptionwavelength.
It can be said that as this value becomes higher, the
photochromic properties become better. _
3) degree of deterioration (%)= [(1—AZOO/AO) ®x 1007]: The
following deterioration promotion test was carried out to
36 evaluate the weather resistance of a photochromic cured
product by exposure. That is, the deterioration of the
obtained photochromic cured product was promoted by using
the X25 xenon weather meter of Suga Test Instruments Co.,

. Ltd. for 200 hours. Thereafter, the above color optical



55 ¢+ OCH3 iiN 241 -8-0-CH-0-CCHCH2 HC=CH C 0- C2H4- 0- C- NO 8cH,
cH, 200 g of Kyoward 200 (of Kyowa Chem cal Industry Co., Ltd.) was
"added to the obtained first solution and stirred at 25C 10 for 8
hours. After the end of agitation, Kyoward 200 was filtered with the
quantitative filter paper (No. 2) of ADV. VA EC Co., Ltd.) using a

Nut she. The acid val ue of the urethane acrylate nononmer contained in

t he obt ai neddsesong wsad etvadmawassl Beﬁérﬁgi«ffd-lbgtem tlee e sdf, &hd the color

nmononer. This SScndsIut ain 7 r.b
e e St EraToPaiRaPy (P, ERELRLNEHoT 209 BB, Ohcub D P850 cal
dehydration densit}0ROOf =Ftyest akhlel ﬂeszemelné me@wx@wtaro@mme ARalue
(di aneter of 1. 6 factur re Cheni_c (s
Industries, efdl %@@pggﬁﬁdf‘awﬁg ﬁae Egﬁaaeaft eFﬁJélSES\i;éon 5)
tol uene sol U\IJhQBhOfLst Deedr ashare iatias ate ﬁmqmtmégcgaglsebut:eoa)f a
and stirred at 25C for 6 hours, and the obtained sol utian

filtered wi tRIPRECPTRPRIF| FRERIRPRAUED: 5 APty dRBVARTEE féﬁtert?aatlon

The obt ai ned,tBbiEsSObibi-On t22 GRIMIdEd s 1IN0 RN Of ¥Rd h@@é@ﬁlr@ﬂlc
the mass of the urethane net hacryl ate nmononer. (3) Step (3

renovi ng or ganFedspEgdpet becomephdr gher di stil | off t ol uene from t he

third sol uti i |II h i t
under 30 a rg u%ée%"epéfjeozéure ofaocrl}l)oq{n'r§1%h e%%g éff:k?ifr g%?%r%%tl(%&’lnwgs
purifi edOur enbaseradriyy atsimerigrerco e darfcﬁmerme it grediS#irdl) of Suga
toluene vas Q2. MSs%. ,J0G R 84 Pi tald on x0T a3 1, vI by the

deterioration promotion test was designated as AYI which is
used as an index of the degree of coloration caused by
deterioration. It can be said that as the AYI value becomes

15 smaller, the weather resistance of the cured product becomes

higher.

Example 1
(1) step (1) of reducing acid component
20 1,000 g of a commercially available aliphatic urethane
acrylate monomer having a structure represented by the
following formula (acid value of 5.90 mgKOH/g,
high-molecular weight impurity content of 0.1 mass%, 2
acryloyl functional groups, water content of 1,500 ppm
25 (mass)) was dissolved in 3,500 g of toluerie and stirred and

dispersed completely (first solution).

0
H,C=CH-C—0~ CH, H O  CH,—O—Ph
CH o-C- NJ(CHA—N C-0- CH
Ph—O— CH O H 6 CHZ—O—(]?—CH=CH2
0

300 g of Kyoward 200 (Al (OH)3 nH;O (n=0.5 to 3), manufactured
30 by Kyowa Chemical Industry Co., Ltd.) was added to the

obtained first solution and stirred at 25°C for 8 hours.



56 was not seen on the wall of a reactor used for the
distillation-off of the solvent and in the purified urethane acryl ate
‘mononer, and a rise in viscosity was not observed. Wen the wei ght
measur enent and GPC neasurenent of an 5 insol ubl e conponent were made
on a 1 mass%tetrahydrofuran solution of4éhe purified urethane
(meth)acryl ate nmononer, no hi gh-nol ecul ar weight inpurity was seen.

The amount Oﬁf%@ h&ﬂénéogfpagﬁg@a@h and dwe-acioh valdier Wase fe@Svith
mgKOH g. The shrinkage factor of the purified urethane acrél ate 10

nononer was ohd %arE@al?mth@ filter Mapeit el ( B) 06 RBYANEEE €arrikbd-

out in the s t
oot et e o B ER ok 8713 BUBPLSA RIS’ M T popiace

manuf acturedndnyort(gnvaommeal lmn’dlmst@]@/tamed i@@owdcwb@tspngwas 0.10
al um numoxi e apd, TROnESL U 8! de s e, iy scomenenl SR tsed as

an i nor gani ¢4 e resufts are sHown in Table 1.

9 o ;I‘he soepsifdd £p008) ppar dmeasni ed ewtdm Hdwedame mmereﬁlsane
in anpl e except that cr stal wat er - cont ai ni ng Kyoward 2000

(MyO. 7A10. Bﬂcﬁ%ﬁ ® Tﬂuﬁmf to 2), manufactured by Kyowa Cheni cal

I ndustry, Co¢2) Ltsk¢pconprbsi aghyagaedionm oxi de as 25 the main

conmponent was used as an d b T I h
in Table 1. Exanpl%0? T‘Pljl'én‘g% %}Eg&?nggrzﬁg;{l\ﬁgr gﬁgé%sq%soﬁe e

same nanger g9 AsetsrExanple Eum?xﬁ@@lﬁlﬂahﬁiuﬁdlsiﬁlwa/m eEuﬁ@n(tlaerﬂiagl
Tom x AD-200 (Al 203.nH20 (n=0.5 to ,. manufactured by Tom

Phar naceut | cefdeptrigsd, }t‘éo?rbria&%gd%]lilﬁﬂi:ﬁﬁﬁpgx?ﬂ%nﬁswf‘ﬁe ﬁ@?ﬂ to the

conponent “ﬂéb&§§dt§§uéﬂe'ggig%&b% JEs AHRERIre thitehd 6Seht § Ba B¢ EmSHoMBr
in Table 1. 57 Exanple 11 The steps 3) were carried

out in the sthecemdneelusien) E&ﬁﬁpﬁ‘él#réﬁcé tgﬁhﬁt gFyStipurs, and the
wat er - cont ai (W ng; 1 ¥o1ution was filtered with the PTFE filter paper

15 (0.5 pm) of ADVANTEC Co., Ltd. The obtained thixrd selution
contained 1,300 ppm {(mass) of water based on the urethane
acrylate monomer.

(3) Step (3) of removing organic solvent
Then, to distill off toluene from the third solution,

20 the distillation-off of the solvent.was carried out under
a reduced pressure of 10 mmHg at 50°C for 8 hours to obtain
a purified urethane acrylate monomer. The amount of the
residual toluene was 0.2 mass%. The precipitationofa solid
was not seen on the wall of a reactor used for the

25 distillation-off of the solvent and in the purified urethane
acrylate moncomer, and a rise in viscosity was not observed.
When the weight measurement and GPC measurement of an
insoluble component were made on a 1 mass% tetrahydrofuran
solution of the purified urethane (meth)acrylate monomer,

30 no high-molecular weight impurity was seen. The amount of
water was 600 ppm (mass) and the acid value was 0.08 mgKOH/g.
The shrinkage factor of the purified urethane acrylate

monomer was 6.2 %.



5 AB- 300 (My0- Al 203. 28i 02-nH20 (n=0.5 to 3), nmanufactured by Tomta
Phar maceutical Co., Ltd.) conprising alum num oxide and silicon
~di oxi de as the main conponents was used as an inorgani c adsorbent.
The results are shown in Table 1. 10Tab|§1 1 After step(l) After step
(2) After step(3) Acid value ng/KOH (g) Anount of wat er ppm (mass)
Anmount of

Example 2

{1y Step (1) of reducing acid compocnent
1,000 g of a.commercially available aliphatic urethane
acrylate monomer having a structure represented by the
5 following formula (acid value of 0.95 mgKCH/g,
high-molecular weight impurity content of 0.0 mass%, 2
acryloyl functional groups, water content of 900 ppm (mass))
was dissolved in 2,500 g of toluene and stirred and dispersed

completely (first solution).

. Q
CHs N-C-0—C3Hg—O—C—CH=CH,
CH3 0
CH CH, o
H,N-(l“l,—o—ce,Hs—o—('i—oH=CH2
1.0 O

250 g of Kyoward 200 (of Kyowa Chemical Industry Co., Ltd.)
was added to the obtained first solution ahd stirred at 25°C
for 8 hours. After the end of agitation, Kyoward 200 was
15 filtered with the quantitative filter paper (No..2) of
ADVANTEC Co., Ltd. using a Nutshe. The acid value of the
urethane acrylate monomer contained in the obtained second
solution was 0.03 mgKOH/g in terms of a monomer. This second
solution contained 8,000 ppm (mass}) of water based on the
20 urethane acrylate monomer.
(2) Step (2) of dehydration
100 g of crystalline zeolite (Molecular Sieve 4A
(diameter of 1.6 mm, manufactured by Wako Pure Chemical
Industries, Ltd.)) as a dehydrating agent was added to the
25 above toluene solution of the urethane acrylate monomer
(second solution) and stirred at 25°C for 6 hours, and the
obtained solution was filtered with the PTFE filter paper
(0.5 pm) of ADVANTEC Co., Ltd. The obtained third sclution

contained 1,200 ppm {(mass} of water based on the urethane



water ppm (mass) Amount of water ppm (mass) Anount of hi gh-nolec ul ar
I mpurity % (mass) Acid value ng/KOH (g) Ex.8 0.06 8000 1000

wei ght
400

10

15

20

25

30

- 48

acrylate monomer.
(3} Step (3) of removing organic solvent’

Then, to distill off toluene from the third solution,
the distillation—-off of the solvent was carried out under
a reduced pressure of 10 mmHg at 50°C for 8 hours to obtain
a purified urethane acrylate monomer. The amount of the
residual toluene was 0.4 mass%. The precipitation of a solid
was not seen on the wall of a reactor used for the
distillation-off of the solvent and in the purified urethane
acrylate monomer, and a rise in viscosity was not observed.
When the weight measurement and GPC measurement of an
insoluble component were made on a 1 mass% tetrahydrofuran
solution of the purified urethane (meth)acrylate monomer,
no high-molecular weight impurity was seen. The amount of
water was 400 ppm (mass) and the acid value was 0.03 mgKOH/g.
The shrinkage factor of the purified urethane acrylate

moncmer was 8.4 %.

Example 3
(1) Step (1) of reducing acid component

1,000 g of an aliphatic urethane acrylate monomér
having a structure represented by the following formula and
obtained by reacting hexamethylene-1,6-diisocyanate with
2-hydroxypropyl acrylate (acid value of 0.91 mgKOH/g,
high-molecular weight impurity content of 0.0 mass%, 2
acryloyl functional groups, water content of 1,200 ppm
(mass)) was dissolved in 3,000 g of ethyl acetate and stirred

and dispersed completely (first solution).
Q HQ
HZC=CH—C—-O—C3H6—-O—9—ITI~QCH29~N—C—O—CSHE;—-O*%:—CH=CH2
O H 6 0

200 g of Kyoward 200 (of Kyowa Chemical Industry Co., Ltd.)
was added to the obtained first sclution and stirred at 25°C

for 8 hours. After the end of agitation, Kyoward 200 was
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filtered with the gquantitative filter paper {(No. 2) of
ADVANTEC Co., Ltd. using a Nutshe. The acid value of the
urethane acrylate monomer contained in the obtained second
solution was 0.04 mgKOH/g in terms of a monomer. This second
solution contained 9,000 ppm of water bésed on the urethane
acrylate monomer. '
(2) Step (2) of dehydration

100 g of crystalline zeolite (Molecular Sieve 4A
(diameter of 1.6 mm, manufactured by Wako Pure Chemical
Industries, Ltd.)) as a dehydrating agent was added to the
above ethyl acetate solution of the urethane acrylate monomer
(second solution) and stirred at 25°C for 6 hours, and the
obtained solution was filtered with the PTFE filter papér
(0.5 pym) of ADVANTEC Co., Ltd. The obtained third solution
contained 1, 900 ppm of water based on the mass of the urethane
methacrylate monomer.
(3) Step (3) of removing organic solvent

Then, to distill off ethyl acetate from the thixd
sblution, the distillation-off of the solvent was carried
out under a reduced pressure of 10 mmHg at 50°C for 8 hours
to obtain a purified urethane acrylate monomer. The amount
of the residual ethyl acetate was 0.1 mass%. The
precipitation of a solid was not seen on the wall of a reactor
used for the distillation-off of the solvent and in the
purified urethane acrylate monomer, and a rise in viscosity
was not observed. When the weight measurement and GPC
measurement of an insoluble component were made on a 1 mass%
tetrahydrofuran solution of the purified urethane
(meth)écrylate monomer, no high-molecular weight'impurity

was seen. The amount of water was 700 ppm (mass} and the acid

-value was 0.03 mgKOH/g. The shrinkage factor of the purified

=3

urethane acrylate monomexr was 8.2 %.

Comparative Example 1



600°N.D. 0.17 Ex.: Exanple, N.D.: not detected Exanple 12 The
steps (1) to (3) were carried out in the sane manner as in Exanple 7
‘except that a urethane acryl ate nononmer 15 represented by the

followi ng structural forrmula and obtai negoby reacting i sophorone

di i socyanate, 2-hydroxyethyl acrylate and-1, 6- hexanet hyl enedi ol (acid
val ue of 2.4 ngKOH g, high-nol ecul ar weight inpurity content of 0.0

% 2 acryl oyl funcE@nn@myganUpen,natEEeml dheweitgimt off rR85;ciweg ethe 58cid

comtent of o BR0 BRTL(TEE k)88, UREC: A0 I00aR R IS0 e
mononer. H, H Hthe |dddp N reid®iMd Th@ 0rbehdct belakatrewher oakaieB2but
s - Cokk- IﬁitﬁothEQIKYlnCngt the step of dehydration.
5 (1) Step (1} of reducing acid component
1,000 g of the same aliphatic urethane acrylate monomer
as in Example 1 (acid value of 5.90 mgKOH/g, high-molecular
weight impurity content of 0.1 mass%, 2 acryloyl functional
groups, water content of 1,500 ppm (mass)) was dissolved in
i0 3,500g;ofto;ueneandstirredanddispersedcompletely(first
solution). 500 g of Kyoward 200 (of Kyowa Chemical Industry
Co., Ltd.) was added to the obtained first solution and
stirred at 25°C for 8 hours. After the end of agitation,
Kyoward 200 was filtered with the quantitative filter paper
15 (No. 2) of ADVANTEC Co., Ltd. using a Nutshe. The acid value
of the urethane acrylate monomer contained in the obtained
second solution was 0.09 mgKOH/g in terms of a monomer. The
second solution contained 11,000 ppm (mass) of water based
on the urethane acrylate monomer.
20 (2} Step (3} of removing organic solvent
Then, to distill off toluene from the above second
scolution, the distillation-off of the solvent was carried
out under a reduced pressure of 10 mmHg at 50°C for 8 hours
to obtain a purified urethane acrylate monomer. The amount
25 of the residual toluene was 0.4 mass%. The precipitation of
a small amount of a white solid (insoluble matter) was seen
on the wall of a reactor used for the distillation-off of
the solvent, and the viscosity at 50°C rose by 30 %. When
the weight measurement and GPC measurement of an insoluble
30 component were made on a 1 mass% tetrahydrofuran solution
of the purified urethane (meth)acrylate monomer, 1.2 mass%
of the insoluble component was produced and 0.4 mass% of a
high-molecular weight impurity having a molecular weight

which was 3 times oxr more that of the urethane acrylate monomer



1/4-11-12 and R4" is - OCH2ZCH2CH2CH2CH2CH20-. ) The results are shown
in Table 2. The shrinkage factor of the purified urethane acryl ate

‘monomer was 6.1 % 10 Exanple 13 The steps (1) to (3) were
carried out in the sane manner as in Exapple 7 except that a urethane
acryl ate nmononer represented by the foll owi ng structural fornula and

obt ai ned 15 by reacting -
2,2, 4-tri net igbherafetringlde by- EPE- dicbsvaraeatte, Zhkydmoxysr egylater was

Y o oy PILYCERR BLST. SRCLS SR Shgtet UGB goronss.  mne
functional gshupskabel €aultar wei ght poralbdet dré6Banwaterytenkeemnbnomer
800 ppnl(nassg ) s,used and 250 parts 20 by nmass of toluene was
used based off ioéw%afts by mass of the urethane acryl ate nononer.
HH.IITHs 111l R2,,--0 yN %98NRAN ."" Rsz . N 00 O (In the above
formula, R2'" is -03H6-, R3'" is 59 CH3 OH3 and R4' is
Comparative Example 2
For comparison, commercially.available activated
carbon was used in place of the inorganic adsorbent in the
step of reducing the acid component.

10 1,000 g of the same aliphatic urethane acrylate monomer
as in Examble 1 (acid value of 5.90 mgKOH/g, high-molecular
weight impurity content of 0.1 mass%, 2 acryloyl functional
groups, water content of 1,500 ppm (mass)) was dissolved in
3,500 g of toluene and stirred and dispersed completely (first

15 solution). 50 g of activated carbon (“Purified Shirasagi”
of Nippon Envirochemicals Co., Ltd.) was added to the obtained
first solution and stirred at 25°C for 8 hours. After the
end of agitation, the obtained solution was filtered with
the guantitative filter paper (No. 2) of ADVANTEC Co., Ltd.

20 using a Nutshe to remove the activated carbon. The acidvalue
of the urethane acrylate monomer contained in the obtained
second solution was 5.41 mgKOH/g in terms of a monomer.
Therefore, the effect of reducing the acid value was extremely
low. Since the acid value could not be reduced fully, the

25 subsequent steps were not carried out.

Comparative Example 3
(1) Step (1) of reducing acid component
1,000gcﬁfthesamealiphaticurethaneacrylatenmnomer
30 as in Example 2 (acid value of 0.95 mgKOH/g, high-molecular
weight impurity content of 0.0 mass%, 2 acryloyl functional
groups, water content of 900 ppm (mass)) was dissolved in
3,000 g of ethanol and stirred and dispersed completely (first
solution}. 250 g of Kyoward 200 {of Kyowa Chemical Industry



9" (in the fornula, the average value of g's is 5.).) 5 The results
are shown in Table 2. The shrinkage factor of the purified urethane
‘acryl ate nononer was 5.0 % Exanple 14 The steps (1) to (3) were
carried out in the sanme manner 10 as in Exanple 7 except that a

ur et hane acryl ate nonomer represented by®£he fol |l owing structural
formul a and obtai ned by reacting i sophorone diisocyanate,

2- hydroxyet iy}, . aQﬁy&a§ewéﬁdaaabHC%kb%mﬁfbﬁﬂﬁﬁﬁéd(ﬁﬁiﬁtvﬁby@t@bn4aﬁd
ngKOH g, ~ hi gh- nol ecul ar wei ght inpurity content of 0.0 % acrylo
15 functi onastyrvepsatmPeburar \%eh@mrsm ABGGE fhf’oém%eﬂlge ﬁlﬂreﬁ?n'

of 1,000 pprg é%?&hd\@ s ed 13- 3P YR khebYubBES LAk ikel Benecwasaper

used based o parts y mass of the urethane acryl ate nononer.
0000 H yO 0@ . 20( b Aﬁ‘éA&EBGeC@ or milch, URATG 8 Nubie . Ehe peig value

(00H2 0 8 )rP he QP-4 %?%P#g%#% %ﬁﬂﬁﬂQYeﬁéﬂﬁaYﬁEHelﬁfthesob§a1ned

5.).) Thé results are s ri nkage factor of the
purified uretévamdamyth’ai@l oo e WwagKPHg g 98. terms of a monomer. The

second solution contained 31,000 ppm (mass) of water based
on the uiethane acrylate monomer.
(2) Step (3) of removing organic solvent

10 Then, to distill off ethanol from the second solution,
the distillation-off of the solvent was carried out under
a reduced pressure of 10 mmHg at 50°C for 8 hours to obtain
a purified urethane acrylate monomer. The amount of the
residual ethanol was 0.1 mass%. The precipitation of a small

15 amount of a white solid (insoluble matter) was seen on the
wall of a reactor used for the distillation-off of the solvent,
and the viscosity at 50°C rose by 20 %. When the weight
measurement and GPC measurement of an insoluble component
were made on a 1 mass% tetrahydrofuran solution of the

20 purified urethane (meth)acrylate monomer, 0.8 mass % of an
insoluble component was produced and 0.4 mass% of a
high-molecular weight impurity having a molecular weight
which is 3 times or more that of the urethane acrylate monomer
was confirmed by GPC measurement. The amount of water was

25 2,900 ppm (mass) and the acid value was 0.03 mgKOH/g. The

shrinkage factor of the purified urethane acrylate monomer

was 8.4 %.

(there‘is no Example 4)
30
Example 5 (experiment on comparison of storage stability)
When the same aliphatic urethane acrylate monomer as
in Example 2 {acid value of 0.95 mgKOH/g, high-molecular

weight impurity content of 0.0 mass%, 2 acryloyl functional



5 Exanpl e 15 The steps (1) to (3) were carried out in the sanme
manner as in Exanple 7 except that a urethane acryl ate nononer
represented by the follow ng structural fornmula and obtai ned by
reacting i sophorone diisocyanate with pol.ycarbonate 10 pol yol and

then reacting i sophorone diamne with 2- ﬁ’édroxyet hyl acrylate (acid
val ue of 3.6 ngKOH g, high-nol ecul ar weight inpurity content of 0.0

% 2 acryl oybgrbupsti waalergconpsntrmfe%@lﬂ)appmeiltg.tHS)o)f v Uteal, fD@t 50°C

f
of ot dene. i 5sb3 SR BPRD e S L0 Lo SRR 12 o

fe“lrethane
acrylate rmnermtid wes ﬂ:ﬂc&plmt&yaﬂ-tlfwﬁsmﬂ)(bﬂ bn d\hzm ahdwehd otsubaity

R2' is TH2 20 and R4'" is (ocH2 (in the
above forrrul 5°steh9ya§8r efgé‘f?_‘alhgjgfhc?mésl s 5, and R5' is The results
are shows i n Tabl eM@anWthéhrWH&ﬂgﬁhéa@&@é sPetdei puridd ethrrieidang by
acrylate nmononer was 2.9 %

The steps 3)
were carried b9 ﬁhﬁhé’uéfér%%rﬂi%?t%“? P ERHDF 8 l?o’é?‘@gﬁt gpgié‘tlngg in
urethane acrykahg1BOPONBherSPEESENEEEiBY bheafHbl pavigs slGiddland an
fornmul a and obt al ned

increase in viscosity was not observed even after 96 hours.
It is understood from this result that the storage stability
10 of urethane acrylate purified by the method of the present

invention is high.

Example 6
(1) Step (1} of reducing acid component
15 . 1,000 g of an aliphatic urethane acrylate monomer
represented by the following structural formula and obtained
by reacting isophorone diisocyanate with 2-hydroxyethyl
acrylate (acid value of 1.21 mgKCH/g, high-molecular weight
impurity content of 0.0 mass%, 2 acryloyl functional groups,
20 molecular weight of 454, water content c¢f 900 ppm (mass))
was dissolved in 3,500 g of toluene and stirred and dispersed

completely (first solution).

H g
CHs N—-G-0—CyH—0—C—CH=CH,
CH3)Q 5
CHy” CH, 0
N-G=0—CH—0 0-&—CH=CH,
o)

25 100 g of Kyoward 200 {(of Kyowa Chemical Industry Co., Ltd.)
was added to the obtained first éolution and stirred at 25°C
for 8 hours. After the end of agitation, Kyoward 200 was
filtered with the quantitative filter paper (No. 2) of
ADVANTEC Co., Ltd.) using a Nutshe. The acid value of ﬁhe

30 urethane acrylate monomer contained in the obtained second



by reacting isophorone diisocyanate with polycarbonate 10 polydl and
then reacting 1, 4-butanediol wth 2-hydroxyethyl acrylate (acid value
vof 3.2 ngKOH g, hi gh-nol ecul ar weight inpurity content of 0.0 % 2

acryl oyl

functional groups, nolecular weight of about 1,600, water

content of 1,400 ppm (nmass)) was used ar@ 500 parts by mass of
tol uene was used 15 based on 100 parts by mass of the urethane

acrylate no

$h % 'OOY)JZO%gBéYIDdg i—§3t£§n5%f{84mé’i§8§e21 00RO Mbnd

0O (Inthe a ove:#ornu are as defined in Exanple
15, and R5' scshmmqom@as)n@@ érh%OOeBmmt%fa%t%ﬁomS% qptRe agpet

shrinkage fagtor, of the purifigd.upghhane acrylate mononer vas 3.2 %

62 Table 2
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(2) Step (2) of dehydration

100 g of crystalline zeolite (Molecular Sieve 4A
(diameter of 1.6 mm, manufactured by Wako Pure Chemical
Industries, Ltd.)) as a dehydrating agent was added to the.
above toluene solution of the urethane acrylate monomer
(second solution) and stirred at 25°C for 6 hours, and the
obtained solution was filtered with the PTFE filter paper
(0.5 pm) of ADVANTEC Co., Ltd. The obtained third solution
contained 1,200 ppm of water based on'the mass of the urethane
methacrylate monomer.
{3} Step k3) of removing organic solvent

Then, to distill off toluene from the third solution,
the distillation-off of the solvent was carried out under
a reduced pressure of 10 mmHg at 50°C for 8 hours to obtain
a purified urethane acrylate monomer. The amount of the
residual toluene was 0.6 mass%. The precipitation of a solid
was not seen on the wall of a reactor used for the
distilliation-off of‘the'solvent and in the purified urethane
acrylate monomer, and a rise in viscosity was not observed.
When the weight measurement and GPC measurement of an
insoluble component were made on a 1 mass$ tetrahydrofuran
solution of the purified urethane (meth)acrylate monomer,
no high-molecular weight impurity was seen. The amount of
water was 400 ppm (mass) and the acid value was 0.02 mgKOH/g.
The shrinkage factor of the purified urethane acrylate

monomer was 8.5 %.

Example 7
(1) Step (1} .of reducing acid component
1,000 g of an aliphatic urethane acrylate monomer

represented by the following structural formula and obtained



After step(l) After step (2) After step(3) Acid value ng/KOH (q)
Amount of water ppm (nmass) Anount of water PPm (nass)
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by‘reacting 2,2,4~trimethylhexamethylene-1, 6-diisocyanate
with 2-hydroxyethyl acrylate (acid value of 1.59 mgKOH/g,
high-molecular weight impurity content of 0.0 %, 2 acryloyl
functional groups, molecular weight of 442, water content
of 1,100 ppm (mass)) was dissolved in 2,500 g of toluene and
stirred and dispersed completely (first solution}.

H O

O CH; (] _
N—C—O—Cﬂﬁf—0—9-0H=CH2
O

1]
HyC=CH-C~0—C,H;—O-C-N
O B CHs CH,

200 g of Kyoward 200 (of Kyowa Chemical Industry Co., Ltd.)
was added to the obtained first solution and stirred at 25°C
for 8 hours. After the end of agitation, Kyoward 200 was
filtered.with the_quantitative filter paper (No. 2} of
ADVANTEC Co., Ltd.) using a Nutshe. The acid value of the
urethane acrylate monomer contained in the obtained second
solution was 0.05 mgKOH/g in terms of the monomer. This
second solution contained 7,500 ppm of water based on the
mass of the urethane acrylate monomer.
(2) Step (2) of dehydration

100 g of crystalline zeolite (Molecular Sieve 4A
(diameter of 1.6 mm, manufactured by Wako Pure Chemical
Industries, Ltd.)} as a dehydrating agent was added to the
above toluene solution of the urethane acrylate monomer
(second solution) and stirred at 25°C for 6 hours, and the
obtained solution was filtered with the PTFE filter paper
(0.5 pm) of ADVANTEC Co., Ltd. The obtained third solution
contained 1, 100 ppm of water based on the mass of the urethane
methacrylate monomer.
(3) Step (3) of removing organic solvent

Then, to distill off toluene from the third solution,
the distillation-off of the solvent was carried out under
a reduced pressure of 10 mmHg at 50°C for 8 hours to obtain
a purified urethane acrylate monomer. The amount of the

residual toluene was 0.2 mass%. The precipitation of a solid



Amount of water PPm (nmass) Anpunt of high-nol ecular weight inpurity
‘%(mass) Acid value ng/ KOH (q) Ex.12 0.11 8500
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was not seen on the wall of a reactor used for the
distillation-off of the solvent and in the purified urethane
acrylate monomer, and a rise in viscosity was not observed.
When the weight measurement and GPC measurement of an
insoluble component were made on a 1 mass% tetrahydrofuran
solution of the purified urethane (meth)acrylate monomer,
no high-molecular weight impurity was seen. The amount of
water was 400 ppm (mass) and the acid value was 0.05 mgKOH/g.
The shrinkage factor of the purified urethane acrylate

monomer was 9.1 %.

Example 8

The steps (1) to (3) were carried out in the same manner
as in Example 7 except that crystal water—containing Kyoward
300 (2.5Mg0-Aly03-nH0 (n=0.5 to 3), manufactured by Kyowa
Chemical Industry, Co., Ltd.) comprising aluminum oxide and
magnesium oxide as the main components was used as an

inorganic adsorbent. The results are shown in Table 1.

Example 9

The steps (1) to (3) were carried out in the same manner
as in Example 7 except that crystal water-containing Kyoward
2000 (Mgo.7Alp.301.15 'nH20 (n=0.1 to 2}, manufactured by Kyowa
Chemical Industry, Co., Ltd.) comprising magnesium oxide as
the main component was used as an inorganic adsorbent. The

results are shown in Table 1.

Example 10

The steps (1) to (3) were carried out in the same manner
as in Example 7 except that crystal water-containing Tomix
AD-200 (Al,03'nH,O0 (n=0.5 to 3}, manufactured by Tomita
Pharmaceutical Co., Ltd.) comprising aluminum oxide as the
main component was used as an inorganic adsorbent. The

resulits are shown in Table 1.
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1100 500 N.D. 0.13 Ex.15 0.09
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Example 11

The steps (1) to (3) were carried out in the same manner
as in Example 7 except that érystal water-containing Tomix
AD—3OO.(MgO-Alzo3-2SiOgrﬂhO (n=0.5 to 3), manufactured by
Tomita Pharmaceutical Co., Ltd.)} comprising aluminum oxide
and silicon dioxide as the main components was used as an

inorganic adsorbent. The results are shown in Table 1.

Table 1
After
After step (1) step After step (3)
{2}
Amount of
. Amount | Amount | B2mount |high-molec .
Acid of of of ular weight Acid
value : . value
water water water impurity
mg/KOH ppm ppm ppm % mg/KOH
(g) {mass) (mass) (mass) {mass) (g)
Ex. 8 0.06 8000 1000 400 N.D. 0.06
Ex. 9 | 0.09 | 5500 900 400 | N.D 0.09
Ex. 10 0.13 9000 1200 500 N.D 0.12
Ex. 11 0.17 8000 1100 600 N.D 0.17
Ex.: Example, N.D.: not detected
‘Example 12

The steps (1) to (3) were carxied out in the same manner
as in Example 7 except that a urethane acrylate monomer
represented by the following structural formula and obtained
by reacting isophorone diisocyanate, 2—hydroxyéthyl
acrylate and 1, 6~-hexamethylenediol (acid value of 2.4
mgKOH/g, high-molecular weight impurity content of 0.0 %,

2 acryloyl functional groups, molecular weight of 795, water




7500 1000 400 N.D. 0.09 Ex.16 0.12 7500 900 400 N.D. 0.11 Ex.:
Exanple, N.D.: not detected Exanple 17 (nononer conposition) A
‘nmononer conposition was obtained by mxing together 5 17 parts by
mass of the purified urethane acrylate npnomer obtained in Exanple
14, 1 part by mass of glycidyl methacrylabe, 6 parts by mass of
trimethyl ol propane trinethacrylate, 6 parts by mass of tetraethylene

g! ycolh di af:rcvé@ﬁ%%t?xif @J%@O b;yprﬁraﬁ[:Baf of ) { elasneidyd enel glopcpbrt@ by mass
i met hacryl at e, parts by nmass of tet ropyl ene gl yco

di met hacryl 8@k teddenSURS B3 S on L@Erﬁﬁ%ﬁ %eﬁagaiorfeﬂthe urethane
conpletely_qgggﬁlggétﬁghgﬁegs conponents of the nonomer conposition.
For conparison,” a nononer conposition conprising the

Py P

N O ONNNREAN RN NN o N O O
RS A G S

5 (In the above formula, R%/ is —CyHs—, R*’ is

CHs
CHs

CH3 CH,
[

and RY is —OCH,CH,CH,CH,CH,CH,0-.)
The results are shown in Table 2. The shrinkage factor of
the purified urethane acrylate monomer was 6.1 %.
10
Example 13
The steps (1) to (3) were carried out in the same manner
as in Example 7 except that a urethane acrylate monomer
represented by the following structural formula and obtained
15 byreacting 2,2,4-trimethylhexamethylene-1,6~diisocyanate,
2-hydroxypropyl acrylate and polyester polyol (acid value
of 1.9 mgKOH/g, high-molecular weight impurity content of
0.0%, 2 acryloyl functional groups, molecular weight of about
1,100, water content of 800 ppm (mass)) was used and 250 parts

20 by mass of toluene was used based on 100 parts by mass of

"the urethane acrylate monomer.

H
!

o
" 4'
O O

0O

(In the above formula, R?’ is —C3Hg—, R’ is



15 sane conponents as above was obtai ned except that an unpurified
uret hane acryl ate nononmer (acid value of 4.1 ngKOH g) was used as a
conponent of the above nononer conposition. When t hese

nmononer conpositions were kept at 25C for 20 6 nonths to conpare the

colors of these nonomers, it was 63 conPPrned that no change was
seen in the nononer conposition conprising the purified urethane

acryl ate nmonomer of d&xanple 17 whereas the nononer conposition
conpri si ng tbexquunkﬁieg/urethane acryl ate nmononer .was col ored
yell ow. 5 Exanple 18} (nononer conposition) A nononer

conposi tion was @i d&ilded by m xi ng together 25 parts by nmass of the
purified urethane, acryl ate nonomer obtained in Exanple 7, 1 part by
mass of gl yci@§lRmethacryl ate, 10 10 parts by nass of
trimethyl ol propane trinmethacrylate, 41 parts by mass of tripropyl ene
gl ycol dinmethacrylate; 16 payts by mass of pol yethyl ene glycol

di acryl ate (av@(&gﬁgﬁﬁféﬁﬂm Qe ght of ethylene glycol chain of

400), 5 parts by mass of netlgxypol yet hyl ene gl ycol nethacryl ate
(average nol ecul ar 15 wei ght of ethyl ene glycol chain of 400{ and 2
parts by mastinoftlaentohphlstyitdme adieragecorplud edy aheleksagitati on as
components af, & e, (RNPIEL, SOUROSH! LANrabOL SOMPALL SOfl 3 Ay IBOORBEcor of
conposi ti'on conprising the same conponents as above was obtfaine

except that tmne 20unnpiedf hedtheekhare vdahd atagmmonmeds (acd dsval ue of
1.59 nmgKOH/ g) was used as a conponent of the above nononer

conposi tion. When t hese nononer conpositions were kept at 25C
for 6 nont hseteamgshapase the colors of these nononmers, it was 25
confirnmed that no change was.seen in the nononer  conposition
conprising the purii§ & e@seﬁﬁgn%o dcryYare Frohs? @ r{plli&atr%? géyg manner
wher eas1phe ABNDHEExSAPPESTT EQRPAMYhati 1Y e niaird d i ¢la té ehbatger
acryl ate nmononmer was caql ored yel | ow

represented by the following structural formula and obtained
by reacting isophorone diisocyanate, 2-hydroxyethyl
acrylate and polycarbonate polyol (acid value of 4.1 mgKOH/g,
high-molecular weight impurity content of 0.0 %, 2 acryloyl
15 functional groups, molecular weight of about 1,100, water
content of 1,000 ppm (mass)) was used and 350 parts by mass

of toluene was used based on 100 parts by mass of the urethane

acrylate monomer.

H H H H
1 i [ |
. R - o
0 SRt Gt b G G
O 8] 0] 0] O 0]
20 (In the above formula, R?* is —C,Hs~, R¥ is
CH,
CHs
CH
3 CH,



30 Exanple 19 (photochrom c conposition, cured product) ‘ 0. 04
part by mass of a photochrom c conpound represented by the foll ow ng

‘structural formula (A) was added to 100 parts by mass of the nononer

conposition of Exanple 17 and fully nixeg wi th the conposition under
agitation to 64 obtain a photochromc c osition. 1 part of

t - but yl peroxy neodecanoate (Perbutyl ND of NOF Corporation) as a
radi cal pol yoehni zagi dbrinnilti, attdre wase redredvblue ¢ohi 37 phosobhi o ¢

conmposition to carry.out cast. polynerjzation so,as to_obtain
photochroniCTE%rEﬁS%}Bauéfg %ngﬁhbpotﬁggﬁi 'pr%ﬁngﬁ£§nEﬁaem§3Fﬁgf of
resistance ofhéhperphetachrerhareuredt radiahoféhéeknass4od 2. mm)

were evaluated. The results are shown in Table 3. 10 Conparative
Exanpl e 4 As conparison to Exanple 19, a photochromc

conposi tison gpgdma1ghesochrom ¢ cured product were obtained in the

same manner as in Exanple 19 except that an unpurified urethane 15
acryl ate nononer (He¢ #heRudlofta. (BIngROM P AR FeHd 1nTHE SFNSUBENBRT

res“'?? of p%QtQHhEQHhﬁlgrqp%&Héi%‘%H%ﬁ“%ﬂﬁ%%tﬁ@ﬁéSééfﬁﬁa@éemonomer
shown'in Table 3. Table 3 Maxi mum absorpti on wavel ength Col or
represented by the following structural formula and obtained
by reacting isophorone diisocyanate with polycarbonate
10 polyol and then reacting isophorone diamine with
2-hydroxyethyl acrylate (acid value of 3.6 mgKOH/g,
high-molecular weight impurity content of 0.0 %, 2 acryloyl
functional groups, molecular weight of about 1,700, water
content of 1,300 ppm (mass)) was used and 500 parts by mass
15 of toluene was used based on 100 parts by mass of the urethane

acrylate monomer.
H H H H H H

A‘rO\RZ’O\g/r{I\RS‘—I{I\({)( R4‘\érl\ll\R3.,Rfi_ Rawl{l\lo‘]/R4l \g/f\'l\RS..—fi\ljlorO\Rzmo\n/\
9]

0

{In the above formula, R%’ is —CoHg-, R¥ is

20 and RY is
0O

%OCHQ—O—(IZI%OCH?_—O—
H

(in the above formula, the average value of i’s is 53,

and R’ is



optical density Degree of deterioration Degree of coloration (AYl)
Ex.19 576 nm 0.68 8% 2.8 C Ex.4 576 nmO0.69 17% 4.2 Ex.: Exanple,
“C. Ex.: Conparative Exanple 20
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20

6l

A Y
CH35 0
CHy
ChH3 CH,

/O
H'N‘Q’

HS

The results are shown in Table 2. The shrinkage factor of

the purified urethane acrylate monomer was 2.9 %.

Example 16

The steps (1) to (3) were carried out in the same manner
as in Example 7 except that a urethane acrylate monomer
represented by the following structural formula and obtained
by reacting isophorone diisocyanate with polycarbonate
polyol and then reacting 1,4-butanediol with 2-hydroxyethyl
acrylate (acid value of 3.2 mgKOH/g, high-molecular weight
impurity content of 0.0 %, 2 acryloyl functional groups,
molecular weight of about 1,600, water content of 1,400 ppm
(mass)). was used and 500 parts by mass of toluene was used

based on 100 parts by mass of the urethane acrylate monomer.

H H H H

. . H ._
/\I_I/O\Rzmo\n/l\ll\Rg.l\ll\r( R4YI‘|J\R3.,R5.;R3.—I{|\H/ y \ﬂ/l{l\Ry,I’l]jg/O\RzMO\lo]/\

O 0] 0] O o . 0
(In the above formula, R?*’, R* and R*’ are as defined in Example

15, and R°’ is

The results are shown in Table 2. The shrinkage factor of

'D,

the purified urethane acrylate monomer was 3.2 %.



Exanpl e 20
sane manner

~ A photochromic cured product was obtained in the
as in Exanple 19 except that 0.03 part by mass of a

“phot ochrom ¢ conpound represented by the following 65 structural

formula (A,

by the follow ng structural
phot ochrom ¢ conpound represented by the foll ow ng structural

0.01 part by mass of a photochrom ¢ conpound represented
fornula (B) &Ad 0.015 part by nass of a
formul a

(© were used based on 5 100 parts by masise af the nononer conposition

of Exanpl e 1g—TFhe—evattuattonresutts _of photochromc properties and
weat her resistance are shown in Tabl eAlﬁter 10 (B) Conpar ati ve
Exanpl e 5 15As cConpar &Yy t&ptgﬁ;a(rpj € 28tep photochrepke se8pOSIBYiI ON
and a photochrom c cured product werle obtained in the same manner as
in Exanple 2D except that an unpuri fli edl4r et hane acryl ate nononer
(acid value pf 1.59 ngKOH g) | was used. The epal uati oph Besuhts |of
phot ochrom c| properties and at her of
Acid OURt | Amodnt Amount | high-mol | Acid
value ecular value
water water water .
weight
_ impurity
mg/KOH ppm ppm ppm % mg/KOH
{g) (mass) | (mass) {mass) (mass) {qg)
Ex.12 0.11 8500 1200 400 N.D. 0.11
Ex.13 0.08 8000 9500 400 N.D. 0.08
Ex.14 0.14 9000 1100 500 N.D. 0.13
Ex.1l5 0.09 7500 1000 400 N.D. 0.09
Ex.16 0.12 7500 900 400 N.D. 0.11
Ex.: Example, N.D.: not detected
Example 17 (monomer composition)

10

15

20

A monomer composition was obtained by mixing together
17 parts by mass of the purified urethane acrylate monomer
obtained in Example 14, 1 part by mass of glycidyl
methacrylate, 6 parts by mass of trimethylolpropane
trimethacrylate, 6 parts by mass of tetraethylene glycol
diacrylate, 31 parts by mass of tetraethylene glycol

dimethacrylate, 38 parts by mass of tetrapropylene glycol
dimethacrylate and 1 part by mass of a~methyl styrene dimer
completely under agitation as components of the monomer
composition.

For comparison, a monomer composition comprising the
same components as above was obtained except that an
unpurified urethane acrylate monomer (acid value of 4.1
mgKOH/g) was used as a component of the above monomer
composition.

When these monomer compositions were kept at 25°C for

6 months to compare the colors of these monomers, it was



66 resistance are shown in Table 4. Table 4 Maxi num absorption
wavel ength Col or optical density Degree of deterioration Degree of
‘coloration (AYl) Ex.20 574nm 0.92 10% 3.1

63

confirmed that no change was seen in the monomer composition
comprising the purified urethane acrylate monomer of Example
" 17 whereas the monomer composition comprising the unpurified

urethane acrylate monomer was colored yellow.

Example 18 (monomer composition)
A monomer composition was obtained by mixing together
25 parts by mass of the purified urethane acrylate monomer
obtained in Example 7, 1 part by mass of glycidyl methacrylate,
10 10 parts by mass of trimethyleclpropane trimethacrylate, 41
bartsbyn@sscﬁftripropyleneglycoldimethacrylate,16parts
by mass of polyethylene glycol diacrylate (average molecular
weight of ethylene glycol chain of 400}, 5 parts by mass of
methoxypolyethylene glycol methacrylate (average molecular
15 weight of ethylene glycol chain of 400) and 2 parts by mass
of a-methyl styrene dimer completely under agitation as
components of the monomer composition.
For comparison, a monomer composition comprising the
same components as above was obtained except that an
20 unpurified urethane acrylate monomer (acid value of 1.59
mgKOH/g) was used as a component of the above monomer
composition. _
When these monomer compositions were kept at 25°C for
6 months to compare the colors of these monomers, it was
25 confirmed that no change was seen in the monomer composition
comprising the purified urethane acrylate monomer of Example
18 whereas the monomer composition comprising the unpurified

urethane acrylate monomer was colored yellow.

30 Example 19 ({(photochromic composition, cured product)
0.04 part by mass of a photochromic compound
representedhnrthefollowingstructuralformula {A) was added
to 100 parts by mass of the monomer composition of Example

17 and fully mixed with the composition under agitation to



C. Ex.5 574nm 0. 92 23% 4.9 Ex.: Exanple, C. Ex.: Conparative Exanple
'Exanpl e 21 5A photochrom ¢ cured product was obtained in the sanme
‘manner as in Exanple 19 except that 0.05 part by mass of a

phot ochrom ¢ compound represented by the Eol | owi-ng structural formula
(D) and 0.02 part by mass of a phot ochroﬁ\c conpound represented by
the follow ng structural fornula (B) 10 were used based on 100 parts
by mass of tdn]etamnoarepho(amp@s:mnlcm aimfeerplen 18. The eval uation
results of phot ochr c properties and weat her resistance are shown
OCH3 15

(A

1 part of t-butylperoxy neodecanocate (Perbutyl ND of NOF
Corporation) as a radical polymerization initiator was added
5 to this photochromic composition to carry out cast
polymerization so as to obtain61photpchromic cured product.
The photochromic properties and weather resistance of this
photochromic cured product (thickness of 2 mm) were evaluated.
The results are shown in Table 3.
10
Comparative Example 4
As comparison to Example 19, a photochromic composition
and a photochromic cured product were obtained in the same
manner as in Example 19 except that an unpurified urethane
15 acrylate monomer (acid value of 4.1 mgKOH/g) was used. The
evaluation results of'photochromic properties and weather

resistance are shown in Table 3.

Table 3
Maximum Color Degree of
A : . Degree of .
absorption | optical . . coloration
wavelength | density deterioration {AYT)
Ex. 19 576 nm 0.68 8% 2.8
C.Ex.4 576 nm 0.69 1i7% 4.2

Ex.: Example, C.Ex.: Comparative Example

20
Example 20

A photochromic cured product was obtained in the same
manner as in Example 19 except that 0.03 part by mass of a

photochromic compound represented by the following



(B) * Conparative Exanple 6 67 As conparison to Exanple 21, a
phot ochrom ¢ conposition and a photochrom c cured product were
‘obtained in the sane manner as in Exanple 21 except that an

unpurified urethane acryl ate nonomer (acid value of 1.59 ngKOH g) was
used. The 5 evaluation results of photocﬁ?onic properties and weat her
resi stance are shown in Table 5. Table 5 Maxi mum absorption

Wa}/el ength Gotpicepthltatosensht yADegh e@l gfadetter marsat bdna Delge eecbfomic
col oration

compound represented by the following structural formula (B)
and0.0lSpartlnrmassof%aphotochromiccompoundrepresented
by the following structural formula (C) were used based on
5 100 parts by mass of the monomer composition of Exémple 18.
The evaluation results of photochromic properties‘and

weather resistance are shown in Table 4.

(A)

<)
(B)

10

Comparative Example 5

15 As comparison to Example 20, a photochromic composition
and a photochromic cured product were obtained in the same
manner as in Example 20 except that an unpurified urethane
acrylate monomer (acid value of 1.59 mgKOH/g) was used. The

evaluation results of photochromic properties and weather



(AYl') Ex.21 568nm 0.86 16% 5.1 C Ex.6 568nm 0.87 35% 8.2 Ex.:
Exanmpl e, C. Ex.: Conparative Exanple 10 Exanple 22 A nononer
‘conposition was obtained by m xing together 10 parts by nass of the
purified urethane acryl ate nononer obtaiggd in Exanple 14, 10 parts
by mass of glycidyl nethacrylate, 10 par by mass of
trimethyl ol propane 15 trimethacrylate, 10 parts by mass of

pol yet hyl energbyetbndeaary sthewravier 8tpo Il €cul ar wei ght of et hyl ene
gl ycol chain of 400) and 60 parts by RS of4

2, 2- bi s(4-methacryl oyl oxypent aet hoxyphenyl } pr opane as conponent.s of

t he nonomer |conpositipn Mometel y bader 20 agLhatkops 2 [paPegrpy of
mass of a phot ochr oni a@éﬁ?@@ﬁ@nreBPéééﬁﬂeddgye he hekkaw fploration
structural f waHelgnged i+ den6atyatt s by mass of It hi s Adddmer

conposi tion,| @ then| 0. Bphamt by| ndss2df CA 181500%m' xturle of 3.1
1- hydr oxycycirat Fphenyl_Ketone @n o
bi s( 2, 6- di met Kolybehzby 1) B 4. ¢ | ‘tz%l ; 23% 4.2

Ex.: Example, C.Ex.: Comparative Example

Example 21

5 A photochfomic cured product was obtained in the same
manner as in Example 19 except that 0.05 part by mass of a
photochromic compound represented by the following
structural formula (D) and 0.02 part by mass of a photochromic
compound represented by the following structural formula (B)

10 wereusedbasedon 100 parts by mass of the monomer composition
of Example 18. The evaluation results of photochromic

properties and weather resistance are shown in Table 5.

15

Comparative Example ©



pentyl phosphi ne oxide (weight ratio of 1:1)) as a photopol yneri zation -
initiator was added to the resulting mxture. 5 parts by mass of
“bis(1,2, 2,6, 6-pentanethyl-4-piperidyl)sebacate (stabilizer), 7 parts
by mass of 7-methacryl oyl oxypropyl 5 triggthoxysilane (adhesi ve
conponent ) and 3 parts by nmass of N-nethyl di et hanol am ne (adhesive
conponent) were added to and fully mxed with the above m xture as

ot her conponents tis ebimiat isgrhobd axtamgi € 286 np phicttioah.r ofilicscomposition
phot ochromic ¢ ositjion was.applied to which is _an allyl_ resin
0 blastic 18RS B BHOCBEGN) Rerrsed PaoBBER: oA SpRBLBLHFANIE Elpofim
pr gduct havifgnae#0apnth hEgkmpueei f éksepthehpbosncnpar tfpeapertirane
and weat her resistance of this photochron c._cured oduct were -
eval uat ed. TRETHEREFiBYRPTBR bar‘g]rﬁ‘)t“"ia&r‘ﬂec Pﬁelrsgf%&%ﬂ%.waﬁélsed- The
nmeasurengnt 161 85Hkbs 2euIhewd i Bhba eh Pom{PPpasEé LY ee EXanpl Redther
As conparison to Exanple 22, a photochrom c_ conposition and a

phot ochr oni cresteHapEedace W@ obtaiTf s n° t he same 20 nmanner as in
Exanpl e 22 except that an unpurified urethane acryl ate nononmer (acid
val ue of 1.59 ngKOH g) was used. The eval uation results of

phot ochroni ¢ properties and weat her r&gist%nte are shown in Table 6.

69 Table 6 X1 mum aps o443tk Walvetength CDIBr ogtic%l ensegyee of
Degree of deterioratijoabsorption | optical |y iecioeation| COLoration
- wavelength | density (AYTI)
Ex.21 568nm 0.8¢6 16% 5.1
C.Ex.6 568nm 0.87 35% 8.2

Ex.: Example, C.Ex.: Comparative Example

10 Example 22
A monomer composition was obtained by mixing together

10 parts by mass of the ﬁurified urethane acrylate monomer
obtained in Example 14, 10 parts by mass of glycidyl
methacrylate, 10 parts by mass of trimethylolpropane

15 +trimethacrylate, 10 parts by mass of polyethylene glycol
diacrylate (average molecular weight of ethylene glycol
chain of 400) and 60 parts by mass of
2,2-bis(4-methacryloyloxypentaethoxyphenyl)propane as
components of the monomer composition completely under

20 agitation. 2 parts bj mass of a photochromic compound
represented by the following structural formula (A) was added
to 100 parts by mass of this monomer composition, and then
0.5 part by mass of CGI1850 {mixture of
l1-hydroxycyclohexylphenyl ketone and

25 bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-
pentylphosphine oxide (weight ratio of 1:1)} as a
photopolymerization initiator was added to the resulting

mixture.



Degree of coloration (AYl) Ex.22 582nm 1.02 38% 5.9 C. Ex.7 582nm 1. 04
80%8.2 Ex.: Exanple, C. Ex.: Conparative Exanple It can be said from
"the results of Exanples 18 to 22 5 and Conparative Exanples 4 to 7
t hat photochrom c cured products obtaineg by using the urethane
acrylate nmononers of the present inventi A have a | over degree of
deterioration and a | ower degree of coloration than photochrom c
cured products obtsa by using unpurified urethane acrylate 10

. are excellent in weather resistance. Effect of
\Present i nvention, a urethane

~

(A)

5 parts by mass of

bis{(l,2,2,6,6-pentamethyl-4-piperidyl)sebacate
(stabilizer), 7 parts by mass of y-methacryloyloxypropyl
5 trimethoxysilane (adhesive component ) and 3 parts by mass
of N-methyldiethanolamine (adhesive component) were added
to and fully mixed with the above mixture as octher components
to obtain a photochromic composition. This photochromic
composition was applied to CR39 which is an allyl resin
10 plastic lens and photopolymerized to obtain a photochromic
cured product having‘a 40 um—thick cured film. The
photochromic properties and weather resistance of this
photochromic cured product were evaluated. The
deterioration promotion time is 100 hours. The measurement

15 results are shown in Table 6.

Comparative Example 7
Ascomparison1x>Example22,zaphotochromiccomposition
and a photochromic cured product were obtained in the same
20 manner as in Example 22 except that an unpurified urethane
acrylate monomer (acid value of 1.59 mgKOH/g) was used. The
evaluation results of photochromic properties and weather

resistance are shown in Table 6.



(meth) acryl ate nononer having a | ow acid val ue and contai ning 15
little high-nolecular weight inmpurity can be easily produced. Since
“the obtained urethane (neth)acryl ate nononer has an extrenely | ow
content of an acid conponent, a deterioration reaction is suppressed.
Therefore, the storage stability of the Pet hane (meth)acryl ate
nmononmer becones high. Since a 20 cured product obtained by using the
uret hane (neth)acrylate nononer has an extrenely | ow content of an
inmpurity, it has high quality with little discoloration and
coloration. Further, even when the ur Eﬂiﬁ% (et h)acryl at e nononer
and a phot ochromi ¢ coppdianiirawre use@oilprcopbi pati-QR, khe webepeee2st
resistance of the phot 8bhporitd ctonpbtingadansbe-FABLayed y<%?%? g
the process |of the prleWadelepgést | gansiyy (TAIVS 1 A urelt hankdYT)
(et h) acryl dt eEgopamer hagrwgna wat er. @ont ent of 3a8t nor e t han529000
ppm (mass) andanactdveatue of npt—5Snorethanm 0,2 mgkOHjg— 2, The

ur et hane ( tﬁ%é%?v1ate mi r accd%ﬂﬁ%q l 0 clapﬁfl which is .2

synt hesi zed fgom afxahbE¥¢! £C EikSQC YRR i A Btdmhpsi ¢ i socyanate.
10 3. The urethane (neth)acrylate nononer according to claim1,
wherein the content of an insoluble conponent in a solution of 1 nmass
% of the urethane {oeth)actylals FPOANERe| PobfiE8NYEr BLURBAELS 180t 22
nore than 0.1 mass % based on the 15urethane (neth)acryl at e nononer
and the Sontand GPmpanpihveoEeamtdesvd gm torpphepiohaghnrgnas cured

aver age nol i .Ch : FFQ§: rJQQ% £1

ur et hane (rrg%g#))%{é(r:y atggq_'%ﬁlgge#y}séﬁlly st egnu 0. }?an%%g%gP%Oggg r'lflﬁ%omers
ur et hane (nmeth)tder prasentohoventacodraiieg towekalqagdeqwifctiehasiaration
pol ymeri zati on,shrinkage .factar | ess t 9 L Sur

B br ocess T o ot ERG SO0 FR: FanG gy At it s OnEe! Blived
25conpri si ngptdeust epsbobingdl) byontsactg noipuiifsed sorethanecanrgilatrg

a urethane (neth)acryl a nnnqger havi ng an .aci.d.val ue, of nDre.tEan
0.2 myKED g SPRCTRT 1A SOV T8 & R ot al fif i SHGboT bRt S+
capabl e of adsorbing an acid conponent to obtain 30 a second sol ution
containing a urethanecﬁgeth%acryLate nononmer havi ng an acid val ue of
not nore thant BT ngkoHPg, 1PHETS$Ehi ¢ sol vent and nore than 5, 000
ppm (mass) of wat efcdas@tngncbhentr prbaee t( TRiAMGIoH ate wenom®ie (2)

contacting the second solution to a dehydrating agent_to o
(meth)acrylate monomer havirig a low acid value and containing

o

15 1little high-molecular weight impurity can be easily produced.
Since the obtained urethane (meth)acrylate monomer has an
extremely low content of an acid component, a deterioration
reaction is suppressed. Therefore, the storage stability of
the urethane {(meth)acrylate monomer becomes high. Since a

20 cured product obtained by using the urethane (meth)acrylate
monomer has an extremely low content of an impurity, it has
high quality with little discoloration and coloration.
Further, even when the urethane (meth)acrylate monomer and
a photochromic compound are used in combination, the weather

25 resistance of the photochromic compound can be improved byr

employing the process of the present invention.



71 obtain a third solution containing a urethane (neth)acrylate
nmononmer having an acid value of not nore than 0.2 ngKOH g, the
“organi ¢ solvent and not nore than 5,000 ppm (nass) of water based on
t he urethane 5(neth)acryl ate nononer; ang (3)renoving the organic
solvent fromthe third sol ution. 6. Th Oprocess of producing a
uret hane (nmeth) acrylate nononer according to claimb5, wherein an
organi ¢ solvent having 10no active hydcdgénNsi s used as the organic
solvent. 7. The process of producing .a urethane (nmeth) acrylate
nmononmer according to claimb5, wherein the water-containi ng adsorbent

is an inorgani @ adeahken ERWHGErYISited nwatdate A 5eviadhesinee ewatent eBt
The process of producin th) acryl ate nono

a uretha e r accordin
to claimb5, whé&fePRY ﬁ@gﬁrﬁ)}&ﬁ’ﬂ 8&@1&31?5? RS Js ARFeRl ?:‘E)ﬂga‘f%e‘bei ndt

the first sol uigae ithdiP0 D RPRoRAEL s 20by mass based on 100 parts
by mass of the urethane (neth)acrylate nononer. 9. A nononer
conposition conprising the urethane (neth)acrylate nononer of claim

1. 25 10. A ORteCal-JPMB1d a3l i Dye G AL £ RE BB to claim 1
conposition of claim?9. 11. A photochrom c conposition conprising

t he nononer 30&dvsdsiity ciythesbresd of ol ae abheycbhe pROEHERASGRI €L an

conmpound. aliphatic isocyanate.

10
3. The urethane (meth}acrylate monomer according to claim 1,
wherein the content of an insoluble component in a solution
of 1 mass % of the urethane (meth)acrylate monomer in
tetrahydrofuran is not more than 0.1 mass % based on the
15 urethane (meth)acrylate monomer and the content of a
high-molecular weight component having an average
molecular weight which is 3 times or more that of the

urethane (meth)acrylate monomer is less than 0.3 massg.

20 4. The urethane (meth)acrylate monomer according to claim 1
which has a polymerization shrinkage factor of less than

15 % when it is cured.

5. A process of producing a urethane (meth)acrylate monomer,
25 comprising the steps of:
(1) contacting a first solution containing a urethane
(meth)acrylate monomer having an acid value of more than
0.2 mgKOH/g and an organic solvent to a water—-containing
adsorbent capable of adsorbing an acid component to obtain
30 a second solution containing a urethane {meth)acrylate
monomer having an acid value of not more than 0.2 mgKOH/g,
the organic solvent and more than 5,000 ppm (mass) of water
. based on the urethane (meth)acrylate monomer:;

(2) contacting the second solution to a dehydrating agent to
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obtain a third solution containing a urethane
(meth)acrylate monomer having an acid value of not more
than 0.2 mgKOH/g, the organic solvent and not more than
5,000 ppm (mass) of water based on the urethane
(meth)acrylate monomer; and

(3) removing the organic solvent from the third solution.

6. The process of producing a urethane {meth)acrylate monomexr
according to c¢laim 5, wherein an organic solvent having

no active hydrogen is used as the organic solvent.

7. The process of producing a urethane (meth)acrylate monomer
according to claim 5, wherein the water-containing
adsorbent is an inorganic adsorbent having crystal water

or adhesive water.

8. The process of producing a urethane (meth)acrylate monomner
according to claim 5, wherein the amount of the organic
solvent contained in the first solution is 100 to 500 parts
by mass based on 100 parts by mass of the urethane

(meth)acrylate monomer.

9. A monomer composition comprising the urethane

(meth)acrylate monomer of claim 1.

10. An optical material obtained by curing the monomer

composition of claim 9.

11. A photochromic composition comprising the monomer
composition of claim 9 and at least one photochromic

compound.

12. A photochromic cured product obtained by curing the

photochromic compeosition of claim 11.



