DESCRI PTI ON MODI FI ER COWPCSI TI ON FOR METHACRYLATE RESI N W TH SMALL
DEPENDENCE ON PROCESSI NG CONDI TI ONS

TECHNI CAL FI ELD _ The present invention relates to a nodifier
conposition for met hacryl ate resin, which is used for a thernoplastic
resin particularly for a nethacrylatg resin and can stably give an
nol ding article having an 10 excellent strength (inpact resistance)

wi t hout deteriorating transparency, col or tone and appearance t her eof
under a wi de range of i nj ect i oPWBSCRHYINdi ti ons.

BACKGROUND ART 15 A nethacrylate resin has been used in

| i ghti ng devi ces and outdoor article due to its high transparency and
good. weat herabi | it On the other hand, its strength is not

necessarily sM@Dl%EE&R,C@MPQSUQON FOR METHAGRYLATE RESHN WITH SMiddLs
have.been attenpted to be added t hereto. For exanBI e, Japanese -
Exani ned Patent Publ i cdPEFENBENGE ON RROCESEING CONDENONS- 230841 (1987)
di scl osed nodi fyi ng techni que relating thereto. It is necessary not to
| ose "t randparency, color tone and appearance of a nethacrylate resin
under a w de range of processing condi ti ons. However, when the
t echni ques previously discl osed ar SECHNICAL FIELD '
o The present invention relates to a modifier composition for
methacrylate resin, which is used for a thermoplastic resin particularly
for a methacrylate resin and can stably give an molding article having an
10 excellent strength (impact resistance) without deteriorating
transparency, color tone and appearance thereof under a wide range of

injection molding conditions.

BACKGROUND ART
15 A methacrylate resin has been used in lighting devices and
outdoor article due to its high transparency and good weatherability.
On the other hand, its strength is not necessarily sufficient, and thus
various kinds of impact modifiers have been attempted to be added
thereto. For example, Japanese Examined Patent Publication Nos. 55-
20 27576 (1980) and 62-230841 (1987) disclosed modifying technique
relating thereto. Itis necessary not to lose transparency, color tone and
appearance of a methacrylate resin under a wide range of préceésing
conditions. However, when the techniques previously disclosed are
used in processing a methacrylate resin, it is difficult to satisfy the
25 requirement that a methacrylate resin excellent in strength is stably
obtained without deteriorating transparency, color tone and appearance

thereof under a wide range of processing conditions. In fact, a



used "i'n.processi ng a nethacrylate resin, it is difficult to satisfy the 25
requi renment that a nethacrylate resin excellent in strength is stably
obt ai ned wit hout deteriorating transparency, color tone and appearance

t hereof under a w de range of processing conditions. |In fact, a
- 2- transparent nol ded articles can bp obtained under Iimted
processi ng condi tions, and an appearance thereof becones worse due to

aggl oneration of the inpact nodifier during processing. Nanely, if a

nmol di ng t enpetmnsparent mokled antidederarnt dbeotbtained undelelinsited grecessingg 5
hi gh -transparency, the article is thermally deteriorated, color tone

t her eof beconesnditiens, camid a aresappegatanageel thescofi bademea svorget due to
fluctuation in processing conditions. On the other hand, if the injection
nol di.ng t enpeagglomeriadioye of Ithe, impaetamodifien during procedsinge c Diamselw it a

so that transparency thereof is deteriorated significantly. 10

As a-:measur e fnoldingtempevatuness raisesl imerddr tyabtain aheobded articlednaviagr i ed

out i.n order to stably obtain a nolded article having high physi cal
propertiess Fhbighextrapisparemey,ethe eaticle| iss éiesmallyhddteriorated, asdongoae
met hacryl ate resin having a broad distribution of nol ecul ar wei ght to

i nprove fl ui digresfidbe¢mmbal bower, bendean resinergets yeltbwishi dinder &6 slight
(Japanese Exam ned Patent Publication No. 1-29218 (1989)), and a
t echni que f or fluctuatjoniniprpacssingdionditionst hOm thepthaihandgétie imjection
stat-e of latex to prevent aggloneration of the inpact nodifier as a
nmeans for redmilding kemperatiredd set 0w egppeararice of theagticld becomesoveisen
mol di ng (Japanese Exami ned Patent Publication No. 2-2358 (1990)). 20
Hoviever, t hesgowbat transpareticyi theresfrismethsiovatedpsignifieantly.a nol ded
10 As a measure for these problems, some investigations have
been carried out in order to stably obtain a molded article having high
physical properties. For example, there are disclosed a method for
using a methacrylate resin having a broad distribution of molecular
weight to improve fluidity and the balance between strength and fluidity
15 (Japanese Examined Patent Publication No. 1-29218 (1989)), and a
technique for mixing an impact modifier with a dispersing agent in the
state of latex to prevent agglomeration of the impact modifier as a
means for reducing the so-called fish eye on the surface of an injection
molding (Japanese Examined Patent Publication No. 2-2358 (1990)).
20 However, these were not sufficient from the viewpoint that a molded
article having excellent strength is obtained without deteriorating
transparency, color tone and appearance thereof under a wide range of
injection molding conditions in the present invention.
In the present invention there is provided a modifier
25 composition for a methacrylate resin, which can stably give a molded

article excellent in strength without deteriorating transparency, color

tone and appearance thereof under a wide range of injection molding



articl e -havi ng excellent strength is obtained wthout deteriorating
transparency, color tone and appearance thereof under a w de range of

i njection nolding conditions in the present invention. In
the present invention there is provided a nodifier 25 conposition for a
met hacryl ate resin, which can stably give 3 nol ded article excellent in
strength without deteriorating transparency, color t one and appear ance
t hereof under a w de range of injection nolding

- 3- coneRRAIRdS. DI SCLOSURE OF | NVENTI ON
In view of these circunstances, the present inventors 5 extensively
studied a resin conposition having an excellent strength W t hout

deteriorating characteristics of a nmethacrylate resin, nanely,
transparency, color tone and aPﬁ%GLQ&éREréErINéIEN'BK)Nange of injection
mol di ng conditions. As a result, it was found out that the above

probl ems in injection Wbl viewy @farmﬁées@ll\%m@tﬂnﬂeandthﬂg presempadhveridrs
modi fier, a polyner processing aid and a reducing conpound with a

met hacryl &t e FRENFIVELY Hhglied & rrsin compasitionchaving an excellent strength
Nanmel y, the present invention relates to . (1)a nodifier conposition for
a met hacryl at Witheditpdeterinrasingg charagigristics of apmethacenylate pesinperamely,
processing aid and a reducing conpound, wherein a 15 ratio of the inpact
modi fier to tWBNSPAFFRAGY HAlektansandiapnearanee ungler a widsorage of ingection and
an anount of the, reduci .conpound is 0.25 to 1.25 parts by wei ght
based on 100 %?‘#@gafoﬁagfdﬂ?sof A @ wesdlt, dtowas found out: that above

eyl are PRGBSy 7 rinldHite melding &an be Solved by blbnding an impact
10 modifier, a polymer processing aid and a reducing compound with a
methacrylate resin to complete the present invention.
Namely, the present invention relates to
(1)a modifier composition for a methacrylate resin-comprising an impact
modifier, a polymer processing aid and a reducing compound, wherein a
16 ratio of the impact modifier to the polymer processing aid is 95/5 to
80/20 in weight, and an amount of the reducing compound is 0.25 to
1.25 parts by weight based on 100 parts by weight of the total amount of
the impact modifier and the processing aid,
(2)the modifier composition for a methacrylate resin of the above (1),
20 wherein the impact modifier is obtained by polymerizing a monomer
mixture comprising (meth)acrylate and an aromatic vinyl monomer in
the presence of an acrylic rubber and/or a conjugated diene rubber,
(3)the modifier composition for a methacrylate resin of the above (1) or
(2), wherein the polymer processing aid comprising 50 to 70 % by weight
25 of methyl methacrylate and 30 to 50 % by weight of the other monomer
copolymerizable therewith,

(4)the modifier composition for a methacrylate resin of the above (1), (@)



20 fherei n the inpact nodifier is obtained by polynerizing a nonomer

m xt.ure conprising (nmeth)acrylate and an aromatic vinyl nononer in t he
presence of an acrylic rubber and/or a conjugated di ene rubber, (3)the
nodi fier conposition for a nmethacrylate resin of the above (1) or (2),

wherein the polynmer processing aid conprisgng 50 to 70 % by weight 25 of
net hyl nmethacrylate and 30 to 50 % by wei ght of the other nononer

copol yneri zabl e therew th, ) (4gthe‘nndifier conposition for a

net hacryl at e Pe§3)a va1encie asinecifi¢ viscosity of the polymer processing aid is 25t0
-4- or (3), wherein a specific viscosity of the polyner processing aid
is 2.5 to  b5.Gregansingdpil4t% oy weightyofieitghtens selutionuan80%) ut i on at
30C, (5)the nodifier conposition for a nethacrylate resin of the above
(1), (2), (S)theg medifiey compositiontfhe armethacnylatermesimof tise abowenfb)yta),

cont ai ni ng 5 sul fur and/or phosphorus, and (6)the nodifier o
conmposi tion &) er f&h Hubergiat the seducing compavnd i B) compourvheoaitairtihg
reduci ng conpound i s an organi c reduci ng compound. BEST
MODE . FOR ARRS¥ Nr aurd /naephosphamusy ancd) In the present _
invention there is no particular linmitation for a met hacryl ate resin,
it includes al@)tke medicr eompositionder &5methagrylatgiresin of thie abovedbyl at e
unit, preferably at |east 50 % by weight of nethyl _methacrylate unit,
and any conmeWeseiy the sedueing eampoundsistar oyganis reducing sompaamdbe used.
15 There is no particular limtation for an inpact nodifier
used in the present invention, as long as it can be used in a

methacryl ate BEST MODE FOR CARRYING OUT THE INVENTION

10 In the present invention there is no particular limitation for a
methacrylate resin, it includes a resin containing at least 50 % by weight
of methacrylate unit, preferably at least 50 % by weight of methyl
methacrylate unit, and any commercially available methyl methacrylate
resins can be used. |

15 There is no particular limitation for an impact modifier used
in the present invention, as long as it can be used in a methacrylate
resin. In particular, the modifier is preferable which is prepared by
polymerizing a monomer mixture comprising (meth)acrylate and an
aromatic vinyl monomer, to which another copolymerizable monomer

20 may be added depending on the object, in the presence of an acrylic
rubber and/or a conjugated diene rubber. Since these are well-
compatible with a methacrylate resin to significantly improve impact
strength thereof. As these modifiers, there are known those having
various kinds of multilayer strticture, and, for example, those disclosed

25 in Japanese Examined Patent Publication No. 55-27576 (1980) can also
be used. Further, the polymerization method is not particularly limited,

but the known emulsion polymerization method is practically



Fesin. In particular, the nodifier is preferable which is prepared by

pol ynmeri zing a nonomer mixture conprising (nmeth)acrylate and an

afomatic vinyl nononer, to which anot her copol ynerizabl e nonomer 20 rmay
be added dependi ng on the object, in the presence of an acrylic r ubber
and/ or a conjugated diene rubber. Since.these are well - conpati bl e
with a nethacrylate resin to significantly inprove inpact strength
thereof. As these nodifiers, there are known those having vari ous

ki nds of nul tadrmesriest.r udiowevergnif, ohly thariphpactt insdifiirs ¢4 oasddied 2o i @
Japanese Exam ned Patent Publication No. 55-27576 (1980) can al so be

used. Furt hermethacyydhtenresinat iherenatises the problaar thatulranspaténtyt, ecblor
but the known emul sion pol ynerization nethod is practically

-5- conviemeeand dppenrenceiihbentnyt ina methacrylnt fesin are delikeibriated
met hacryl ate resin, there arises the problemthat transparency, color
t one and appedepsmdingdrepeatessing conditionyl at e resin are deteriorated
dependi ng on processing conditions. 5 As a conjugat ed di ene

rubber, exanpl es are tAogeconhigatsed dienecruipbersiexgndplesecaretivoss subbebs as
but adi ene, isoprene and chl oroprene. As an acrylic rubber, exanples

are al kyl acrodmpeisibgvidigne mofhommers? sumtboasationmdiend heisalprghe grang,
such as ethyl acrylate, n-butyl acrylate, n-octyl acrylate and

2- et hyl hexyl chidoybptene. Exesrphezcrylicambbkd, exampits are alisyl avoplates having
styrene, o-nethylstyrene, mnethyl styrene, p- met hyl st yr ene,
a- net hyl st yr ehdo drizicatthan asomsancthebalkyplgesupf sach as ethyl acrylate, n-butyl
' acrylate, n-octyl acrylate and 2-ethylhexyl acrylate. Examples of an |
10 aromatic vinyl monomer are styrene, o-methylstyrene, m-methylstyrene,
p-methylstyrene, ®-methylstyrene and chlorostyrene. Examples of a
(meth)acrylate are methyl acrylate, ethyl (meth)acrylate, propyl
(meth)acryiate, butyl (meth)acrylate, hexyl (meth)acrylate, cyclohexyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, octyl (meth)acrylate,
156 isobornyl (meth)acrylate, phenyl (methjacrylate and benzyl
(meth)acrylate, and the like.

The polymer processing aid used in the present invention
should have a relatively high molecular weight, and it is effective to use
the modifier having a several to tens times higher molecular weight than

20 that of a generally used methacrylate resin (weight average molecular
weight is about 100,000). That is, apart from the generally conceivable
technical idea in the prior art, .the addition of a small amount of the
polymer processing aid reduces the dependence of transparency on
processing conditions, although the viscosity in the system rises slightly.

25 The technical reason speculated for this is that the melting elasticity in
the system becomes high to improve inferior appearance and stabilize

transparency. Further, an amount of the polymer processing aid in the



(meth)acrylate are nethyl acrylate, ethyl (nmeth)acrylate, propyl

(nmet.h) acryl ate, butyl (neth)acrylate, hexyl (neth)acrylate, cyclohexyl
(rmeth)acryl ate, 2-ethyl hexyl (meth)acrylate, octyl (nmeth)acrylate, 15

i sobornyl (neth)acrylate, phenyl (neth)acrylate and benzyl
(meth)acrylate, and the I|ike. - _The pol ynmer processing aid
used in the present invention shoul d %ave a relatively high nol ecul ar
weight, and it is effective to use the nodifier having a several to
tens tinmes hi presemiolinvehtionwds gpteferabily B0 tohd0 % bygeveipht | of usethyl
met hacryl ate resin (wei ght average nol ecul ar wei ght is about 100,000).
That is, aparméthacrylate deview|df conopatibilitp with matriehrif ¢k dreant s 1443
prior art, the addition of a small anount of the pol ymer. processi ng

ai d reduces t tibadep@ntte byeweight; aransparencyodecreasepr daestd devizaivh trems .
al t hough the viscosity in the systemrises slightly. 25 The techni cal
reason specul aefrdctive indexsof mathiat Ththemiourg ofimethiyt mhethaerylate idenspest em

beconmes high to inprove inferior appearance and stabilize t ransparency.
Further, ah atbant70f%thy weighteitspcompatibilitypindth matiéx is lowered due to
- 6- present invention is preferably 50 to 70 % by wei ght of nethyl

met hacryl at e imcneased afigithityp af ithbldciye \int Additiori xo relatively aniptnindlecliRes
than 50 % by wei ght, transparency decreases due to deviation from
refractive i nsiglt, amd thereby treresparency hcomssshiow melveassly! aThei sbows-e
S than 70 % by weight, its conpatibility with matrix is |owered due to
i ncreased ri gmgntjonéd noietbyl enethaatylateois tpreferably vedpolphprized acithaa
wei ght, and thereby transparency becomes | ow adversely. The above-
nent i oned net Boftenmghacompanents pFeirerexbmplepptie/ nerethpll miethaerylate is
sof teni ng conponent. For exanple, the nmethyl nethacrylate is
10 preferably obtained by copolymerizing 50 to 70 % by weight of methyl
methacrylate with 30 to 50 % by weight of the other copolymerizable
monomers.  The other copolymerizable monomer is preferably
{(meth)acrylates having one to eight carbon atoms in the alkyl group
other than methyl methacrylate. If necessary, 30 % by weight of the
15 (meth)acrylates may be replaced by the other copolymerizable monomers
such as styrene and acrylonitrile. Namely, (meth)acrylate monomers
are preferable as the softening component without losing weatherability
of the methacrylate resin. Examples of the softening component are
butyl methacrylate, ethyl acrylate, butyl acrylate, octyl acrylate and 2-
20 ethylhexyl acrylate, which are preferably used in view of costs and the
like. As a matter of course, the refractive index of the polymer
- processing aid should be adjusted to that of a methacrylate resin as
much as possible without losing transparency of the obtained molded
article. In addition, the molecular weight of the polymer processing aid
25 should be relatively high as described above. That is, its molecular

weight is preferably 2.5 to 5.0 in terms of specific viscosity (7 sp), more

preferably 2.5 to 4.0. If the molecular weight of the methacrylate resin



10 preferably obtained by copol ynerizing 50 to 70 % by wei ght of nethyl
met.hacrylate with 30 to 50 % by wei ght of the other copol ynerizable
HONONEr s. The ot her copol ynmeri zabl e nononer is preferably
(meth)acryl ates having one to eight carbon atons in the al kyl group
other than nethyl nethacrylate. If necessary, 30 % by weight of the 15
(nmeth)acryl ates nmay be replaced by the other copol yneri zabl e nononers

such as styrene and acrylonitrile. Nanely, (neth)acrylate nononers are
preferabl e ats ldse e 205 ig speoHfic wiscosity) there isshognodiyiny effect oy the  of
the nethacrylate resin. Exanples of the softening conponent are but yl

met hacr yl at epbidiydf the present invengionac rQh dhe othet handcifiit i mozadhan 5.00

et hyl hexyl acrylate, which are preferably used in view of costs and the
like. As a nt¢ @ompatibilityewithhthe ehatrix iresini isleletefiotatedptd wignificantly
processing aid should be adjusted to that of a nethacrylate resin as

much as possidier wransparencyi nderearthpacendifiosis fore measiineg thel dpecific
article. In addition, the nol ecul ar weight of the polyner processing aid
25 shoul 8l beiscelsitlyiyg) yarei gs fullovesicr Thad ispahe. sdfimsleiis, dissvlved egular
weight is preferably 2.5 to 5.0 in terns of specific viscosity ([err]),

nor e pr ekenabhiration of Gt40% by Weegmmimqulwna\@;@&hefvibb@siwh@?cisyI ate

resin is less than 2.5
in specific vbsaiorid by usheg a viscometarditf 301G até@dlingtotthe equaticebnggt of
the present invention. On the-other hand, if it is nore than 5.0, t he

conpat i bi I'i t ynwt iy §) ha gratini this eguation, dat és e sisosity of (e Soleaivd gnd
| ower transparency. Here, the conditions for nmeasuring the specific 5
viscosity [ ergls the viscdsityl afthie Stlment fpludme)sanpl e i s dissolved at a
10 A ratio of the impact modifier to the polymer processing aid in
weight is 95/5 to 80/20. If the ratio of the polymer processing aid to
the impact modifier is more than 95/5, the effect improving the above-
mentioned object is small. On the other hand, if the ratio is less than
80/20, the effect of improving impact resistance becomes low in spite of
15 the amount of the impact modifier, and the transparency is also lowered.
That is, it is estimated that compatibility of the polymer processing aid
with a methacrylate resin as the object is lowered due to relatively high
molecular weight of the polymer processing aid, thus transparency
decreases adversely. As the polymer processing aid, any products
20 commercially available can be used as long as they satisfy the conditions
described above. However, if only the impact modifier and the polymer
processing aid are added to a methacrylate resin, a resin having high
transparency and high impact strength is obtained, and transparency
thereof is improved but color tone is not improved at all.
25 Finally, the reducing compound in the present invention is a
substance which exhibits so-called reductive actions such as peroxide

decomposition, deoxygenation and hydrogenation on the subject



concentration of 0.4 %by weight in toluene and the viscosity [err] is
obtai ned by using a visconeter at 30 [err]C according to the equation [err]
=" ([err]-- [err])/ [err]. In this equation, [err] is the viscosity of
t he solution and [err] is the viscosity of the solvent (toluene). 10
A ratio of the inpact nodifier to the pal ygrec processing aid in wei ght
Is 95/5 to 80/20. If the ratio of the polyner processing aid to t he

i npact nodifier is nore than 95/5, the effect inproving the above-

ment i oned obj substancaralf| oxidization diyhexideting aictiohsesuehi &s ickidgEsnt Aad

80/ 20, the effect of inproving inpact resistance beconmes |low in spite of

15 the anountebydrogenatior fomtin substanged Theartisnipqiesgyreferadls to use

| ower ed. That is, it is estimated that conpatibility of the polymer
processi ng ai gompounds lwidhmat ktreicfliet ecargaimings stbfarohpdgbor i phospkoAgs.due
to relatively high nol ecul ar wei ght of the pol ynmer processing aid,

thus transpar Bxeynple theteof atese seddoingsetganidconipoyred yontaiping edrisphori d,
any products 20 comercially available can be used as long as they
satisfy the ceudhtashypophasphorobsdonitsy deriviatiees;r phosphotous aeid rGrasts
nmodi fier and the pol yner processing aid are added to a nmethacrylate
resin, a residetiyativgshang a reducing osgeniermmpodndicpntainiagtsidfurength aiss
obt ai ned, and transparency thereof is inproved but color tone is not
i mproved at athiol, thioether and suloxidel y, Anong eihese ngompeymdsd havihgea
present invention is a . . Substance which exhibits so-called reductive
actions such &irystuoxcestaining sulfuoapaioriphospheruggtrateduciagtompound
hydrogenati on on the subject o _ _ ) - 8-
subst ance of BRViiZatd osheynical datrueturet i containitg aphospharusn amdudes
10 antioxidants such as the trade names of PEP-4C, PEP-8, PEP-8F, PEP-
8W, PEP-11C, PEP-24G, PEP-36, HP-10, 2112, 260, 522A, 329K, 1178,
1500, C, 1354, 3010, and TPP, which are commercially available from
Asahi Denka Kogyo K.K. The reducing compound having a chemical
structure containing sulfur includes antioxidants such as the trade
15 names of Irganox PS800 and Irganox PS802 FL, which are available from
Chiba Geigy.

Thermal degradation at molding can be drastically improved
by using the reducing compound in combination with the impact
modifier and the polymer processing aid. And thereby a molding article

20 having superior impact strength can be obtained without deteriorating
transparency, color tone and appearance thereof under a wide range of
injection molding conditions.

An amount of the reducing compound is 0.25 to 1.25 parts by
weight based on 100 parts by weight of the total amount of the impact

25 modifier and the polymer processing aid. If the amount is less than
0.25 part by weight, the improving effect of the stabilizer is low. On the

other hand, if the amount is more than 1.25 parts by weight, color tone



dehydrogenation for the substance. In particular, it is preferable to use
conpounds with a.structure containing sulfur and/ or phosphorus.

Exanpl e thereof are a reducing organi c conmpound contai ni ng phosphor 5
such as hypophosphorous or its derivatives, phosphorous acid or its
derivatives, and a reducing organi c conpownd-containing sul fur such as
thiol, thioether and sul foxi de. Anbng these conpounds having a

structure containing sul fur and/ or phosphorus, the reducing conpound

havi ng a chenisce@nerily deterieratedi ni ng phosphorus includes 10 antioxidants

such as the trade nanes of PEP-4C, PEP-8, PEP-8F, PEP- 8W PEP-11C,
PEP- 24G, PEP- 36, HP- 10Thenel is npepartéadar 13attation1fos,a methoth 6D miking 3ha,
3010,. and TPP, which are conmercially available from Asahi Denka Kogyo

K. K. The reduRRgctaqstifien thewnalymer prontssing aid anst theatedhring ebai poumgd.
sul fur incl ud,gg antioxi dants such as the trade 15 names of |rganox PS800
and |+ganox P588re pan hegused grmethed ofpratualbimixing £mixéuetiygreof in the
Thermal degradation at nolding can be drastically inproved by using
the reducithg T&EIRPWIEICWHE & methacryiate rasin, epibe impaatodotliféer, amd ahe
pol ymer processing aid. And thereby a nolding article 20 having superior

i npact st rengmethad ofamixing thelimpast modifies; the polymer processingpaidemad,
color tone and appear ance thereof under a w de range of. i njection
nol di ng condi %o Reducing compound, which:ase mbtatnqmgyrpmymm@zmp,oﬁmhes

0.25 to 1.25 artsé)){ wei ght based on 100 parts by weight of the total
amount of t heStatpa @@Xuﬁtﬁlf&@n anixing cthesn ypewderest dgsanysuall. mahneire

anount is Ies(s t han . 0.25 gart by weight, the inproving effect of the
stabilizer is\ASSPMEFALGR, wasping, Withhd Water,t hiilteatiomt drying) ewitlan the25

arts b i ght,, colqr ton .
P Y 1§ gmethacry ate res?n to be modified. The reducing compound may also be

added during the polymerization process of the impact modifier.

The modifier composition of the present invention is suitably
applied to a thermoplastic resin, particularly a methacrylate resin. An
amount thereof is 5 to 50 parts by weight based on 100 parts by weight

15 of the methacrylate resin. If the amount is less than 5 parts by weight,
there is no effect of improving impact strength. On the other hand, if the
amount is more than S0 parts by weight, transparency decreases.

Hereinafter, the present invention is described in more detail
by using examples. However, these are shown for illustrative purpose

20 and not intended to limit the scope of the present invention.

EXAMPLE
In the Examples, the term "parts by weight" as an amount of
each starting materials indicates a value based on the amount of total
25 used monomers. Evaluation of physical properties in Example was
carried out in the following manner.

(1) Haze (%) was measured at 23T according to JIS K 7105,



-9- . is contrarily deteriorated. ° There is no

particular limtation for a nethod of m xing the i npact nodifier, the
pol yner processing aid and the reduci ng conpound. There can be used a
met hod of nutually mxing a m xture thereof in the 5 state of powder
with a methacrylate resin, or the inpact gpgdifier, and a met hod of

m xi ng the inpact nodifier, the polyner processing aid and t he
reduci ng conpound, which are obtained by polynerization, in the state

of latex, and(2)hgrddgrse d ylloR powdriodded articleswak ¢valigted by observation
(aggl oneration, washing with water, filtration, drying) with the 10

net hacryl at e #ath mdledeyé®thé ifdldethsafgle Wma whitobogrdreyThe sdegdree of
added during the polynerization process of the inpact nodifier.

‘The nodi fier ¢enpeswhselag¥ifiedenty taeetlcvelse v omiddlesand Higl in theagridred
to a thernoplastic resin, particularly a nethacrylate resin. An anount

thereof is 5 bpablinepedsingythecdédreevisetioan 100 parts by weight 15 of the
nmet hacrylate resin. If the amount is Iess than 5 parts by weight,

there-is np e{d)eShrfakeidfipearange iofpamioldéd antitle. wak evhtuateteas follwy. i f the
anount is nore than 50 parts by wei ght, transparency decreases.

Herei nafter, (De.prhemis ho\eppdagants défistaridyed in nore detai l by usi ng
exanpl es. However, these are shown for illustrative purpose 20 and not
intended to |iXnt, Appearpee if déficient.esent invention.

EXAMPLE In the Exanples, the term"parts by weight" as an
anount of each starting materials indicates a val ue based on the anount
of total 25 used nonomers. Evaluation of physical properties in Exanple
was carried out in the foll owi ng BYGANMRLE 1 (1) Haze (% was

measured at 23[err]C according to JIS K 7105.
16 Preparation of impact modifier

(a) Polymerization of a cross-linked methacrylate polymer (innermost
layer)

A glass reactor was chaged with a mixture having the

composition shown below. After a temperature thereof was raised to

15 80T with stirring under nitrogen stream, 1/4 portion of a mixture of the

innermost layer components consisting of 25 parts by weight of methyl

methacrylate and 0.1 part by weight of allyl methacrylate was added

thereto to polymerize them for 45 minutes.

(component) (parts by weight)
20  deionized water 220
boric acid 0.3
sodium carbonate 0.003
sodium N-lauroylsarcosinate 0.09
sodium formaldehyde sulfoxylate 0.09
25 sodium ethylenediaminetetraacetic acid 0.006
ferrous sulfate heptahydrate 0.002

The remaining 3/4 portion of the above mixture was then



--10 - . .(2) A degree of yellow of & nolded article was eval uated by
observati on .W th naked eyes the nol ded sanple on a white board. The
degree of yell ow was classified into three levels: |low, mddle and
high in the order of an increasing the degree of yellow. 5 (3)
Surface appearance of a nolded article wagjeval uated as follow. [err]
... There is no appearance deficiency. [err] ... Appearance is
deficient. ' EXAMPLE 1 10 Preparation of
i npact nodi f i added corftifuEublynthéresd ioverof hounr osAfter midelition] theryliethae
pol ymer (i nner nost | ayer) A gl ass reactor was chaged

with a mxturwasakiepd ahethe samenerigeratushdon 2ehowrsAts ecompleteehat ure
thereof was raised to 15 80[err]Cwith stirring under nitrogen stream

1/ 4 portion opolymerizatienof Méanwhile, iBeparis byl aeightc of saritahs N-daairseyli ng
of 25 parts by weight of nethyl nmet hacrylate and 0.1 part by wei ght of
al |yl rmet hacr saetosinate scdeddditionaliyradded dhprdtpneAr avebage fdianféter of
m nut es. (conponent) ' (parts by weight)
20  dei oné zegolyamer particles in the resulting innermost crosfifked methmuariytateci d
0.3 - sodi um car bonat e 0. 003
sodi um N-| aur pplysaecdaterarwas 1600 A (as detepmiged by light scattering at a
wavelength of 546 nm), and polymerization conversion ((amount of
formed polymer/amount of charged monomers) x 100(%)) was 98 %.
(b) Polymerization of a rubber polymer
10 The crosslinked methacrylate polymer latex obtained in the
above (a) was kept at 80C under nitrogen stream. After 0.1 part by
weight of potassium persulfate was added thereto, a monomer mixture
consisting of 41 parts by weight of n-butyl acrylate, 9 parts by weight of
styrene and 1 part by weight of allyl methacrylate Waé continuously
15 added thereto over 5 hours. Meanwhile, 0.1 part by weight of
potassium oleate was added in 3 divided portions. After addition of the
monomer mixture, 0.05 part by weight of potassium persulfate was
further added thereto and the reaction solution was kept for 2 hours to
complete the polymerization. The average particle diameter of the
20 obtained polymer was 2300 A, and polymerization conversion was
99 %.
(¢} Polymerization of outermost layer
The rubber polymer latex obtained in the above (b) was kept
at 80°C. After 0.02 part by weight of potassium persulfate was added
25 thereto, a mixture comprising 24 parts by weight of methyl methacrylate,
1 part ‘by weight of n-butyl acrylate and 0.1 part by weight of t-dodecyl

mercaptan was added continuously thereto over 1 hour. After addition



sodi um f-or mal dehyde sul f oxyl ate ) 0.09 25 sodium

et hyl enedi am netetraacetic acid 0. 006 ferrous sulfate

hept ahydrate . 0. 002 The remai ning 3/4
portion of the above m xture was then added conti nuously
thereto over 1 hour. After addition, the fgbxture was kept at the sane
tenperature for 2 hours to conplete the pol yneri zati on. Meanwhile, 0.2
part by wei ght of sodium NI auroyl sarcosinate was additionally added
thereto. An aobthgendhamsremirfure; thpainyxterrepmas ikdptsior o douastd giviga

I nner nost crosslinked nethacryl ate pol ymer |atex was 1600 A (as

det ermi'ned bygrafyicopoteneelatex haviag multileyer| stngtturet 24Hanedageapdrticle

pol ymeri zati on conversion ((anount of formed pol ymer/anmount of charged
nmononers) x ldEmgienaidhegredt copolymiey Hevingerultdayerstoacturewhs 2530 Yopr
10 The crosslinked nmethacryl ate polyner | atex obtained in the
above (a) wasprbpnerizagoq confearsivin rvaye 9% % cafheAbbtained1greft t cdpolymer

wei ght of potassium persul fate was added thereto, a nonomer m xture

consi sti ngp of latex havingopultilagter stiuotunet wasasulyjeates] i1 spastial hganaeghto of
styrene and 1 part by weight of allyl nethacrylate was continuously 15

added t her et ocoaglasiono byssaltivigzouh, tleermiall tremtment amd gitying to obtain a
pot assi um ol eate was added in 3 divided portions. After addition of the

nononer mi xt uwlite) mevdent gogftweopolymadr Juvingi mmlpitayar Statuctwze (impact
further added thereto and the reaction solution was kept for 2 hours to
conpl ete the pwidifier)i zati on. The average particle dianeter of the 20
obt ai ned pol yner was 2300 A, and pol yneri zati on conversi on was
10 Preparation of polymer processing aid
A reactor equipped with a stirrer was chaged with 200 parts
by weight of deionized water, 1 part by weight of sodium dioctyl
sulfosuccinate and 0.03 part by weight of potassium persulfate. After
oxygen was removed from the atmosphere and the solution in the
15 reaction by passing nitrogen, a content thereof was heated to 65C with
stirring. A monomer mixture {mixture A) comprising 60 parts by weight
of methyl methacrylate, 15 parts by weight of butyl methacrylate and 15
parts by weight of butyl acrylate was added thereto over 4 hours and
then heated for 1 hour with stirring to complete the polymerization
20 substantially. Thereafter, a monomer mixture (mixture B) comprising 5
parts by weight of butyl acrylate and 5 parts by weight of methyl
methacrylate was added thereto over 1 hour, and the content was kept
at 65T for 1.5 hours and stood at a room temperature over night.
Polymerization conversion was 99.2 %. Further, an average diameter of
25 polymer particles in emulsion-polymerized latex was 650 A which was
determined by the turbidity method. From this product, a powdery

sample was obtained according to the method of obtaining the product



99% . (c) Polynerization of outernost |ayer The rubber

.polynmer | atex obtained in the above (b) was kept at 80[err]C. After
0..02 part by weight of potassium persulfate was added 25 thereto, a
m xture conprising 24 parts by wei ght of nmethyl nethacryl ate, 1 part by

wei ght of n-butyl acrylate and 0.1 part. bygwei ght of t-dodecyl
nmer capt an was added continuously thereto over 1 hour. After addition

- 12 - of the nmonomer mxture, the mxture was kept for one hour to
give a ghaving: epultjlayer | structime iasy desctibedy aboser uSpeaific Avisevsitgge
particle di aneter of the graft copolynmer having nmultilayer structure

was 2530 A, therepbwaseBilzati on conversion was 99 % The obtained graft
copol yrer 5 latex having nmultilayer structure was subjected in a usual

manner to coagul ation by salting-out, thermal treatnent and drying to
obtain a white powdery graft copolynmer having nultilayer structure

(i npact Biandingrwith a neethaspylase resinodng grgperation of ssinvided article

A reactor equipped with a stirrer was chaged with 200 parts by wei ght
of deioni Zed water, 1 PariO®ypams g weightddifuan niixtetrgl comprising f 38 Wbcbyat e
and 0.03 part by weight of potassium persulfate. After oxygen was
removed - f r om whightt t eopolyrerduvinganuitilaybe strifcturead 6 by wyight

passi ng nitrogen, a content thereof was heated to 65[err]C with
stirring. A nefidrepolymenprocessingrid and 66rMHhmweight®fpamethagrylataidsin
of methyl mE‘t(rll\/?((:?:r- ngt e’sp:c}c?iﬁ%a\rritsiogig V'\—‘Bi).glh2tz Cgvaﬁgag frgfrtl rI]%(I:)r %laztaedc?:g Olg
part by weight of a phosphorus-type antioxidant, 1178 (trinonylphenyl
10 phosphite available from Asahi Denka Kogyo K.K.). The mixture was
formed into pellets by extruding and kneading in a sing1e~screwéd
extruder with vent (HW-40-28 : 40 m/m, L/D = 28 ; made by Tabata
Kikai Co., Ltd.) at a temperature C3 = 210C. The obtained pellets were
dried at 90C for at least 4 hours and plaque samples having 100 x 150
15 x 3 (mm) for evaluation was obtained by injection-molding at a cylinder
temperature C3 = 230C, at a nozzle temperature N = 235C, and at a
screw speed of 20 mm/sec, 50 mm/sec and 90 mm/sec in a 160MSP-10
molding machine {made by Mitsubishi Plastics Industries Ltd.). The
obtained plates were evaluated to show results thereof in Table 1.
20
EXAMPLE 2
Molded articles were prepared in the same manner as in
Example 1 except that Irganox PS800 FL (dilauryl thiodipropionate
available from Chiba Geigy) of a sulfur-type antioxidant was used in
25  place of the phosphorus-type antioxidant 1178. The results are shown
in Table 1.



parts by weight of butyl acrylate was added thereto over 4 hours and

then heated for 1 hour with stirring to conplete the polynerization 20
substantially. Thereafter, a nonomer m xture (m xture B) conprising 5
parts by weight of butyl acrylate and 5 parts by wei ght of nethyl

met hacryl ate was added thereto over 1 hougq and the content was kept

at 65[err]C for 1.5 hours and stood at a roomtenperature over night.

Pol yneri zati on conversion was 99.2 % Further, an average dianeter of 25
pol yner particles in enulsion- (OOMBARATIVE BXAMRIE 850 A whi ch was
determ ned by the turbidity nmethod. Fromthis product, a povvdery

sanpl e was obt ai ned aclMoldédhnrticles dormviabdatién owere rubtgmdsde ipr chelcdame

- 13 - having nultilayer structure as descri bed above. Specific

vi scosity mannareas imEixample 1 exceptBthmtdhepoliyiersproetssicgydidt 2nd ¢kien
and preparation of a nolded article 5 To 100 parts by wei ght
of a mxture rﬁdnmngmmgnpdum’dbyere not ueeght The resualtgraxet shompnlinfRableali ng
mul tilayer structure, 3 % by wei ght of the polynmer processing aid and
60 % by wdéi ght of a nethacrylate resin (Mz102: specific viscosity =
0.122 avail abl e fromICI) was added 0.3 part by weight of a
phosphor us-type anti oxi dant, 1Q@MRARA’BIME[E%AMPLEG phosphite avail abl e
from Asahi Denka Kogyo K %& The m xture was formed into pellets by
extrudi ng and kneadi ngMiolded sintigles dor emaluation wrre whdained invéle same
(HW40-28: 40 mMm L/D = 28 ; made by Tabata Ki kai Co., Ltd.) at a

t enper at ur e GRannErodein |Exampie dbexdepsdhad! thet redaming compound were not

used. The results are shown in Table 1.

10
COMPARATIVE EXAMPLE 3
Molded articles for evaluation were obtained in the same
manner as in Example 1 except that the polymer processing aid was not
used. The results are shown in Table 1.
15
COMPARATIVE EXAMPLE 4
Molded articles for evaluation were obtained in the same
manner as in Example 1 except that an amount of the stabilizer (1178
supra) was 0.1 part by weight. The results are shown in Table 1.
20

COMPARATIVE EXAMPLE 5
Molded articles for evaluation were obtained in the same
manner.as in Example 1 except that an amount of the stabilizer (1178

supra) was 1.5 parts by weight. The results are shown in Table 1.



dried at. 90[err]C for at |east 4 hours and pl ague sanples having 100 x 150
15 :x 3 (nmm for.evaluation was obtai ned by injection-nolding at a cylinder
tenperature C3 = 230[err]C, at a nozzle tenperature N = 235[err]C, and at a
screw speed of 20 mm sec, 50 mm sec and 90 nmmsec in a 160NMSP-10

nmol di ng nachi ne (made by M tsubishi Plastjgs Industries Ltd.). The

obt ai ned plates were evaluated to show results thereof in Table 1. 20

EXAMPLE 2 Mol ded articles were prepared in the same nanner
as in Exanpl e 1 except that |Irgan@aBIS80A0 FL (dil auryl
t hi odi pr opi onate———ava+t+abte—f+om-Chiba—GCetgy)—oft—a—sulfur-type
anti oxi dant waExemglée n 25 ace(gﬁf the pieppbebls-type apg#ggedant 1178.
The resul ts ar &Nghown in 11e€%1. ow appearance
- 14 - COVPARATIVE EXANPLE 1
Mol ded articles fgg eval uation yeye obtained ifpghe sane ggnner as in
Exanpl e 1 except that the polyner processing aid and the reduci ng
conpound gere notgisgd. The resyl s are shown gy, Table 1. 5
COVPARATI VE BEXAMRLE 2 Malded articles for evaluation were
obtai ned in theCsagNEx. 1 manneg gs in Exanpl e%igll\.ﬁxcept that tRe reducing
conpound were not used. The results are s in Table 1. 10

Com.Ex. 2 1.9 high O

Com.Ex. 3 2.8 low X

Com.Ex. 4 1.9 middle O

10 Com.Ex. 5 1.9 middle @,

INDUSTRIAL APPLICABILITY
By blending the modifier composition of the present invention
with a methacrylate resin, a molded article having superior strength can
156  be stably prepared without deterioration in transparency, color tone and

appearance thereof under a wide range of injection molding conditions.



—

COVPARATI VE EXAMPLE 3 Mol ded articles for eval uati on were

obtained in the sanme manner as in Exanple 1 except that the polyner
processi ng aid was not used. The results are shown in Table 1. 15
COVPARATI VE EXAMPLE 4 Mol ded articles for evaluation were
obtained in the sane nmanner as in_Beiegrpl.e 1 except that an anount of
the stabilizer (1178 supra) was 0.1 part by weight. The results are
shown in Table 1. 20 _ COVPARATI VE EXAMPLE 5

Mol ded articles for evaluation were obCAiAI&IS i n t he sane manner as in
Exanpl e 1 except that an anount of the stabilizer (1178 supra) was 1.5
parts by weight. The results are shown in Table 1.

- 15 - TABLE 1 Exanpl e Haze
(% 1Degree of 1.  Burmedifier comii@smon for a methacrylate resm

Yel | ow appear ance Ex. 1. 7.

[err] 5 2 conEpang an impact n?hodﬂier a polymer prbogssing aid and a redhetﬂéEx
Com Ex. 1 hi gh Terr] 2
1. 9 .8 conij]p@ﬂjnd [err] Com Ex. 3 2. 8

| ow [err]

4 wherein an amount of the impact modifier to the polymer processing aid
5 - 18 95/5 to 80/20 in weight, and an amount of the reducing compound is
6 0.25 to 1.25 parts by weight based on 100 parts by weight of the total

7 amount of the impact modifier and the polymer processing aid.

1 2. The modifier composition for a methacrylate resin of
2 Claim 1, wherein the impact modifier is prepared by polymerizing a
3 monomer mixture comprising (meth)acrylate and an aromatic vinyl
4 monomer in the presence of an acrylic rubber and/or a conjugated diene

5 rtrubber.

1 3. The modifier composition for a methacrylate resin of
2 Claim 1, wherein the polymer processing aid comprises 50 to 70 % by
8 weight of methyl methacrylate and 30 to 50 % by weight of the other

4 copolymerizable monomers.

1 4. The modifier composition for a methacrylate resin of
2 Claim 1, wherein a specific viscosity of the polymer processing aid is 2.5

3  to 5.0 regarding to 0.4 % by weight of a toluene solution at 30C.

1 5. The modifier composition for a methacrylate resin of

2 Claim 1, wherein the reducing compound is a compound containing
R

L



Com Ex. <4 - 1. 9 mddle ~ [err] 10 Com Ex. 5

1. 9 m ddi e [err] | NDUSTRI AL
APPL| CABI LI TY. By bl ending the nodifier conposition of the
present invention with a nethacrylate resin,” a nolded article having
superior strength can 15 be stably prepajed wi thout deterioration in

t ransparency, color tone and appear ance thereof under a w de range of
i njection nolding conditions. -16 -

CLAIMs 18 sulfur and/or pHosphbbfussr conposition for a nethacrylate resin
2 conprising an inpact nodifier, a polymer processing aid and a reducing 3
conpound, 4 wherein an anount of the inpact nodifier to the polyner
processing aid 5 is 95/5 to 80/20 in weight, and an anount of the

reduci ng conpound is 6. 0.Te tmodifizy pamipdsitionefoghsa RR$RAcBAaldYeRA tof DY
wei ght of the total 7 amount of the inpact nodifier and thé pol ymer
processi n@ ai@laim 15, wherein th2. rédecingli dorpotadrdsi bi FRdiRIng organic
nmet hacrylate resin of 2 Claiml, wherein the inpact nodifier IS prepared
by pol ynerd zi egmpouddiononer nmi xture conprising (neth)acrylate and an
aromatic vinyl 4 nmononmer in the presence of an acrylic rubber and/or a
conj ugated diene 5 rubber.

I

T
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1 o . 3. The nodifier conpésition for a nethacrylate resin of 2
Claim 1, wherein the polyner processing aid conprises 50 to 70 % by 3

wei ght of methyl nethacrylate and 30 to 50 % by wei ght of the other 4
copol yneri zabl e nononers. 1 4. The nodifier conposition for a
met hacrylate resin of 2 Caim1l, whereing specific viscosity of the

pol ymer processing aid is 2.5 3 to 5.0 regarding to 0.4 % by weight of a

tol uene solution at 30[err]C. 1 5. The nodifier conposition
for a nethacrylate resin of 2 Cai mABSTRA@TNn the reducing conpound is a
conpound cont ai ni ng _ - 17 - 3 sulfur
and/ or phosphorus. 1 6. The nodifier conposition for a

nmet hacrylate resin of 2 Claimb5, wherein. the reducing compound is a
reducing organic 3 cqheeerid.provided a modifier composition for a methacrylate

‘résin, which can stably give a molded article excellent in strength

5 'ﬁthout deteriorating transparency, color tone and appearance thereof

under a wide range of injection molding conditions. A modifier

‘composition for a methacrylate resin of the present invention comprises

‘an impact modifier, a polymer processing aid and a reducing compound,
wherein an amount of the impact modifier to the polymer processing aid -

10 is 95/5 to 80/20 in weight, and an amount of the reducing compound is

0.25 to 1.25 parts by weight based on 100 parts by weight of the total

amount of the impact modifier and the polymer processing aid.



