1 DESCRI PTI ON, UNSATURATED POLYESTER RESI N COVPOSI TI ON 5 TECHNI CAL FI ELD

The present invention relates to an unsaturated polyester Ie of
formng a cured article having excellent gloss retention“mﬂﬁ m@mn

resi stance, a coating material and a gel coating materi al
same, and a fiber 10 reinforced plasticy(FRP) nolded article u5|ng the sane
on the surface. BACKGROUND ART Unsaturated polyester resins are used in

various FRP 15 nolded articles, cpattREpEEOWOSI tions andmmmmmmmmmmmm

materi al s because of their excellent chem cal, physical
electrical characteristics such as their wide curing tenper
conditions and rapid curing rate. However, conventi onal unsaturated

pol yester resins havgygraykasks b %QstﬁatRﬁ@tNO@bMpogxth@Ngloss
drastically | owered, al so ye oW ng occurs when exposed outdoors for a

| ong period because of poor weat hering resistance. To sol ve the drawback,
Japanese Unexam ned Patent Application, First Publication No. Hei 7-157645

suggests an unsaturated pol yest eqprRfEAAZOFEpABOSI tion derived froman acid
conponent conprising an alicyclic saturated acid and an aliphatic

unsat urated agi.d, r@@@n%n1@%%9Q95nCQ@H%Q%@tt%eb%ph%@aEhQ@ﬁ@d pRAkieG talrcoho
and 2 allcycllg ' cohol, while First Publication No. Hei 9-263692

resin capable of forming a cured article having excellent
gloss retention and yellowing resistance, a coating material
and a gel coating material which use the same, and a fiber

10 reinforced plastic (FRP) molded article using the same on the

surface.

BACKGROUND ART
Unsaturated polyester resins are used in various FRP
15 molded articles, coating compositions and gel coating
materials because of their excellent chemical, physical,
mechanical and electrical characteristics such as their wide
curing temperature conditions and rapid curing rate. However,
conventional unsaturated polyester resins have drawbacks in
20 that not only is the gloss drastically lowered, but also
yellowing occurs when exposed outdoors for a long period
because of poor weathering resistance. To solve the drawback,
Japanese Unexamined Patent Application, First Publication No.
" Hei 7-157645 suggests an unsaturated polyester resin
' 25 composition derived from an acid component comprising an
alicyclic saturated acid and an aliphatic unsaturated acid,

and an alcohol component selected from aliphatic alcohol and



suggests .an unsaturated polyester resin conposition derived froman acid
conponent conpri sing hexahydrophthalic anhydride and an unsaturated

di basi c acid and a pol yhydric al cohol 5 conmponent. Although the yell ow ng
resi stance of these wunsaturated polyester resin conpositions is inproved,
the gloss retention is not inproved. EP-A-0400884 suggests an unsaturated
pol yester resin conposition using 2-nethyl-1,3-propanediol as an al cohol

10 conpor@ltyclid aRabemtl ,Nom 16268484 peddesics odh NeNs delr at-eb3q9a yest er
resin conposition obtained from30 to 70 nol % of at |east two diols, 0.5

to 8 mol YehedthButyl uastithiatbd3 pdleparedirelsi nark caipRiEaLtiienc aldyaxydd ¢ acid
and other two carboxylic acids. In these inventions, only the yell ow ng 15

resi st ange oirS anMalca Ve Gonpidthente @S sieige Mex@ihyidy dpd@ha llik theseiqider
arts, although the yellow ng resistance was inproved by an inprovenent in

the conp@sidt iz@N uefsalthe atad JTReiicla®i Ola@ss ar elanthyeiriics d1sHdi ci ent and,
t hereby causing chal king, and I owering of the gloss within a 20

conpag at invgipbneher.t Anﬂaoughetséowubh@ag PEEOEtants 6@ BAksesatisfy both
yel | owi ng resi stance and gloss retention which are factors of the

weat her i Qg sh@SirSiare o 11 teagWeatiinor dfp die: iflease iafpravwdd)r aftee monomer
into the atnosphere has recently becone nore strict in view of 25

envi ronmgniadls preliengn tikenrgforigpdRaldis which experience | ow styrene
vapori zation and have a | ow styrene content have been required. As a

nmet hod of prepd-iang 40 s81s AUy Rt RO YRH ARt R PIL Yt experd ences | ow
styrene vaporization and has a low styrene content, a nmethod of reducing

the styrepgeeNtt@dn WSIMY 2-ofdRP Mnsatnatat ol ivastay 4y gl ow
nol ecul ar wei ght and a net hod of adding paraffin wax are known.

10 component. U.S. Patent No. 6,268,464 suggests an unsaturated
polyester resin composition obtained from 30 to 70 mol% of at
least two diols, 0.5 to 8 mol% of 2-butyl-2-ethyl-1,3-
propanediol, an aromatic carboxylic acid and other two
carboxylic acids. In these inventions, only the yellowing

15 resistance is improved, and the gloss retention is poor.

In these prior arts, although the yellowing resistance
was improved by an improvement in the composition of the raw
materials, gloss retention is insufficient and, thereby
causing chalking, and lowering of the gloss within a

20 comparatively short time. Therefore, these prior arts do not
satisfy both yellowing resistance and gloss retention which
are factors of the weathering resistance.

The regulation of the release of a styrene monomer into
the atmosphere has recently become more strict in view of

25 environmental problems; therefore, resins which experience low

styrene vaporization and have a low styrene content have been

required. As a method of preparing an unsaturated polyester



5 Accordi.ng to these nmethods, the weathering resistance cannot be
satisfied, although the vaporization anount and content of the styrene
nmononer can be reduced. An object of the present invention is to provide an
unsat urated pol yester resin conposition wherein both the gloss 10
retention and the yellowi ng resistance gn a weathering test have been

i nproved, a coating material using the sane, and a nolded article thereof.

DI SCLOSURE OF |, NYENTLNe13 cTees0h e kRerehebkape rdeseiichednabowe, at hew

present inventors have made intensive studi es about unsaturated polyester

resin Pogleg%ﬁ@%n%@%f,Olan%ett%h aF 4RsRAlYnat efle BeYRSECIRSINT
conpositio ich has excellent gloss retention and yell ow ng resistance

(e.g., a Q\'mﬁs A" 8beNt1LaR o 22Q 6 QYN Qe sHRIE AR ny GOheky didlfeenange of 20 or
| ess) an& irch also has a small content of a polynerizabl e unsaturated

monomer %@@gﬁ% qhtained + SN 3N JWAs AU Aled A YAX @irel &%idwn.conMposition is
prepared su that the "shrinkage stress upon cooling"” is 17 MPa or |ess

and tde pati@Qhqt he tHRINKRAGR A, SHES S URAR 1GOQ IrE/iehatide ddriidt’ is 1
or less in a curgd article of the unsaturated polyester resin conposition

when thet gaREraliure ia;i”l trh%gl%e ¢ He 9BphYiGaQ 20 AmoultUaind ROt e @5eNt

i nventi on has been conpl eted.” The present invention provides an unsaturated

pol yest er |, €313 SRMRARSIeIN LMY Sida@ @y . unsaturated pol yester (A) and a
pol ymeri zabl e unsat urat ed nononer (B), wherein the 5 "shrinkage stress upon

cooling” of apcuied Rt i & hefeledtS 1 nkerMRRON d 635 AN ildhe Jrati o of

“shrinkage stress upon cooling/elastic limt" is 1 or |ess. The present

i nventi on, alsQ RQViI8S & teatidg TRIGIH A g a8l iGPAd 0 TR &fidds
10 retention and the yellowing resistance in a weathering test

have been improved, a coating material using the same, and a

molded article thereof.

DISCLOSURE OF INVENTION

15 To solve the problems described above, the present
inventors have made intensive studies about unsaturated
polyester resin compositions and found that an unsaturated
polyester resin composition which has excellent gloss
retention and yellowing resistance (e.g., a gloss retention of

20 60% or more and a color difference of 20 or less) and which
also has a small content of a polymerizable unsaturated
monomer can be obtained when an unsaturated polyester resin
composition is prepared such that the “shrinkage stress upon
cooling” is 17 MPa or less and the ratio of the “shrinkaée

25 stress upon cooling/elastic limit” is 1 or less in a cured
article of the unsaturated polyester resin composition when

the temperature is reduced from 70°C to 20°C. Thus, the



whi ch use the unsaturated polyester resin conposition, and a 10 fi ber
reinforced plastic nolded article. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
Prior to a detailed description of the present invention, definitions of
the technical terns used herein will be 15 described bel ow. Shrinkage
stress upon cooling The technical term 4Shrinkage stress upon cooling" used
herein refers to a "shrinkage stress" produced when a cured 20 article of

an unsat &%g%qtpq%wgggq@nr%%gnb%%me§h&h%Qéd§ cooled from70C to 20C, and
is neasured by the follow ng neasuring nethod. <Measuring method> (i) To

the unsaturat gg PRINESLRr HRYIHR iCHMRAYIICYE G t&%at&a&r&ﬁ?&wé@@m on,
1.0% of 55% net hyl ethyl ketone peroxide (curing agent) and 0.1% of 6%

cobal t naphtihenate (G40 cAER8I8ME AN W rddedq fRllyawed by st idid ng.
Then, the 5 mxture is adjusted with t-butyl catechol so that a gel tine

as measured iy AeeordaN e A UsS AR OlFALT Ahdidm® alndd  nor nal

t enper at ur 25C (A nethod) is 30 m nutes. degassed resin

conposi t ivQR, 1%, ARR is%(}etcf%t ﬁlgq{@s@%o@ﬁtgef - thaty 5 d he-desu tﬂrrggféaméﬂas a

t hi ckness of 0.3 'nm an op surface is covered with a 150 pm

pol yethylengyereohiial sy id ackld ot SRR Joomd eparature for 24

hours, a cured Imis nmade. (i1) Test pieces having a size of 70 mmx 10

mm x 0. 3 Jgpiangy/hQ Jmde (finoma he resyl thidg cured birk@enfhengled®son
transition tenperature (Tg) of the test piece is neasured by a transition

tenper at ung Jieasiyifig apRAALYRy mdNREAD" o T ACT Wk Yy meid®©ial
I nstrunents Inc.).
which use the unsaturated polyester resin composition, and a

10 fiber reinforced plastic molded article.

BEST MODE FOR CARRYING OUT THE INVENTION
Prior to a detailed description of the present invention,
definitions of the technical terms used herein will be

15 described below.

Shrinkage stress upon cooling
The technical term "Shrinkage stress upon cooling"”" used
herein refers to a “shrinkage stress” produced when a cured
20 article of an unsaturated polyester resin composition is
cooled from 70°C to 20°C, and is measured by the following
measuring method.
<Measuring method>
(i) To the unsaturated polyester resin composition of the
25 present invention, 1.0% of 55% methyl ethyl ketone peroxide
(curing agent) and 0.1% of 6% cobalt naphthenate (curing

accelerator) are added, followed by stirring. Then, the



(iii) Thiis test specinmen is fixed to a tensile testing machine 15
("Tensil on RTM 100PL", manufactured by ORI ENTEC Co., Ltd.). The
tenperature in a thernostatic chanber provided with a test piece fixing
portion is set to a tenperature which is 10C higher than Tg of the test
piece, and the test piece is maintaineg at the setting tenperature for 10
m nutes. 20 (iv) Since the test piece elongates, the test piece is fixed

again af T’ng&tiu'}%r @@Sia'agutstﬂ%dl GAehh tQhukRe SAMRIB AN BN Jeanglife
corresponding to the elongation. Wiile reducing the tenperature in the

Lher most al! eCRATRAN 1GORANARNG e MILHBRN FoARAIINT itk H 4

5C mn, the elongation is converted into a value per unit area (e.g., 1

m) . TheDOQh%ﬁeg%R%%ég%hW%e%ftQ%O%;W%§%@%%O Cign Sohe jbhgrgost ahibc  chanber

and the stress is taken as the "shrinkage 6 stress upon cooling".

El astic ldie%atssyae kg nic%ﬂ"tpotsqrtmﬁhelﬁstaip 11 to used er einveans e 5

elastic I'imt neasured by the follow ng asuring nethod.  <Measuring

metNod> khk 2eGuned dl limabtalned iy b eior SR P hod; and e case

of (i) in the previous neasurenment of t "shrinkage stress upon cooling"

i furth d. [ i ; t i i t 600C
I's further, qured;hy 4 e%\@dggbltt% %h%.% ganaﬂp%@ettggf 2 actérc‘efqmmeart@

for 30 mnutes. 6i|) est pieces havin Si Ze mm x I0 mMm x 0.3 mm

are  Mdghpom hhet esubbhaggour edobhl Blnbkbhd Tl sotest apRebyey fo fixed

to a tensile testing nachine Tensi | on ", manuf actured by

ORI ENTEC (- #ﬁgn>i%n9md£§ nmeasured at a normal tenperature (25'C) at a
testing rate o mn. In the initial stage of the stress-strain curve,

the rTB.Xi(rJTHrSﬂ %ters%s%iieré:etsh%alviir}l%ara rsel ieorclyf. %Od%anerxml%egrtn a>‘<n% .t3h?mn are

10 made from the resulting cured film. The glass transition
temperature (Tg) of the test piece is measured by a transition
temperature measuring apparatus (“DM3600”, manufactured by
Seiko Instruments Inc.).

(iii) This test specimen is fixed to a tensile testing machine

15 ("Tensilon RTM-100PL”, manufactured by ORIENTEC Co., Ltd.).
The temperature in a thermostatic chamber provided with a test
piece fixing portion is set to a temperature which is 10°C
higher than Tg of the test piece, and the test piece is
maintained at the setting temperature for 10 minutes.

20 (iv) Since the test piece elongates, the test piece is fixed
again after increasing the length of the sample only by the
length corresponding to the elongation. While reducing the
temperature in the thermostatic chamber containing the test
piece at a cooling rate of 5°C/min, the elongation is

25 converted into a value per unit area (e.g., 1 mm). The
difference between the stress at 70°C in the thermostatic

chamber and the stress at 20°C is taken as the “shrinkage



maxi mum stress is taken as the "elastic |imt,". The value of the ratio of
the "shrinkage stress upon 20 cooling/elastic |imt" is obtained by

di viding the value of the "shrinkage stress upon cooling" by the val ue of
the %elastic limt". Goss retention 25 The technical term "gl oss
retention" used herein nmeans gloss retgntion of a 2,000-hour weathering
test neasured by the follow ng neasuring nmethod. 7 <Measuring nethod> (i)

To the unsatucated pel.yester resin conposition, 1.0%of 55% methyl ethyl
ket one pgroxgge gn& %Pl@bo? 6% cobalt naphthenate are added, followed by

stirring and degassing. 5 The resin conposition is poured onto a seal ed
glass plate having a spacer for controlling the thickness to 3 mm which
i s coated w.th angl;easant, allowed to stand at a nornal tenperature for
24 hours and then cured at 120C for 120 mnutes to obtain a cast pl at e

having a_thi clgess 0f, Ayt (3ol Odelid ) YAAUNIIND sl PirRCes, having a

size of 75 mmx 70 mm are e fromthe cast plate thus obtained. Using a

sunshy ne el‘é@%&laerlqmtte;ne%%%%oo%r# %‘ReStf%’l‘i%rwq% lni%%sg%g)%_gdf:i% t . a test

met hod i n accordance wth an ope ane carbon "arc ese test
speci mensg,are syhj.ected fL an accel erated weathering test for 2,000 hours.
(ii1) The speculag gl oss of the surface (test surface) of the test pieces

tested aft 2, h [ t iNGJ f.

o5t o0 ST 12 0005 LR AR 9, oo ARG A0 & P1 B o0 eos

{ﬁteegtp;g&la;sr% det anm ned + iy JN& Tl MING, LM Y Rared Oit-tig gl ue of
stress upon cooling” is further cured by allowing to stand in

10 a thermostatic chamber at 60°C for 30 minutes.
(ii) Test pieces having a size of 70 mm x 10 mm x 0.3 mm are
made from the resulting cured film.
(11i) This test specimen is fixed to a tensile testing machine
("“Tensilon RTM-100PL”, manufactured by ORIENTEC Co., Ltd.) and
15 measured at a normal temperature (25°C) at a testing rate of 5
mm/min. In the initial stage of the stress-strain curve, the
maximum stress in the linear region is determined, and the
maximum stress is taken as the “elastic limit”.
The value of the ratio of the “shrinkage stress upon
20 cooling/elastic limit” is obtained by dividing the value of
the “shrinkage stress upon cooling” by the value of the

“elastic limit”.

Gloss retention
25 The technical term “gloss retention” used herein means
gloss retention of a 2,000-hour weathering test measured by

the following measuring method.



gloss. Goss retention (%9 = (specular gloss after test/specular gloss

- before test) x 100. 25 Color difference 8 The technical term "col or

di fference” used herein is represented by "AE*ab" using the indication
met hod prescribed in JI'S Z8730-1995, and represents the degree of

yell owi ng of a 2,000-hour weathering test neasured by the follow ng

met hod. 5 <Measuring nethod> (i) Using the sane test speci nen having a

t hi cknessvefs s3 MM @etidRt> Used in the neasurement of the gloss retention
in the accelerated weathering test, a nmeasurenent was carried out. The

obj ect cqligr 1of e sWface Qa tha Jatte PRGE MaSRASU I 10 by, tde met hod
prescribed in JI'S Z8722 and the "color difference”™ according to the L*a*b*

col ori net5rsj%cm°e>e$lt£ﬂmét%ylca4ectl8r?et Rk itde £l lowiang, easatd gy (OE*ab =
[(AL*) 2 + (pa*)2 + (pb*)2]1/2 quation 2 (ii) DeE*ab denotes a col or

di fference Aue drd @ e’ a'dRfedld €AY R G SuStiey R ddladidy IS
78279, LL* denotes a difference in the CI'E 1976 brightness L* between two

obj ect _aolore oo A s LA ARNURS & ddfrienne o ool

coordinates, in the L*a*b* colorinmetric system (iii) nce the test piece
I's transparaiy o e MRASWHETRYN 1S 1 12 $aHd 8 QUInddL & Statg, Whgl & he

surface opposite the neasuring surface is provided with a white plate

whi ch cannoteo ddANSiidy |4 greRdee the KAlPrediddaiense d agaiy depends on

the filmthickness in this measurenent, 1t Is necessary to correct the

Filmthi gness MAAWBERD S Hdil& T0g i fase-&f 45 camarddig Wdh a test

pi ece having a thickness other than 3
minutes to obtain a cast plate having a thickness of about 3

10 mm.
(1i) Weathering test pieces having a size of 75 mm x 70 mm are
made from the cast plate thus obtained. Using a Sunshine
weatherometer based on ISO standards (ISO 4892-4: 1994, a test
method in accordance with an open flame carbon arc lamp),

15 these test specimens are subjected to an accelerated

weathering test for 2,000 hours.
(iii) The specular gloss of the surface (test surface) of the
test pieces tested after 2,000 hours is measured at an
incidence angle of 60 degrees by a method based on JIS 7Z8741-
20 1997 (ISO 2813: 1994), and the gloss retention is determined
by the following equation based on the value of the specular
gloss.
Gloss retention (%) = (specular gloss after test/specular
gloss before test) x 100.
25

Color difference



mm The hi gher the LE value, the nore severe the discoloration, such as
yellowi ng. 9 The unsaturated polyester (A) used in the present invention
is derived froma dibasic acid conponent and a pol yhydric al cohol
conmponent. As the preferred dibasic acid 5 conponent (1), an alicyclic
saturated dibasic acid and an aliphatig unsaturated di basic acid are used
in conbination. As the polyhydric al cohol conponent (2), a symetric

glycol (a) apdeatclbrastadnecdhyeebibR) aselreetadefr agea geyeah having no
side chain and an asymmetric glycol having a side chain are 10 used in

conbi nat @pr-EERtEAr 89 exampbes @finghenal enskhe isat Heahed @irkasirebeaci d
i ncl ude hexahydropht hal i ¢ anhydri de, hexahydrophthalic acid,

1’4‘CyC|QHG5§§egbﬁgbb9§$BL?aﬁ@ier%e%eﬁ%%lQH%X@@%QE%aBQO&EUU%wQ%bdof a
met hyl hexahydrophthalic acid, 15 Het acid, and I,

1'Cy9|ObEEQUQdES?EbQéXkBQrQdete§@e§%aSQQQBOB?d%h@aXoQ§0W§% fle@MmOQr i n
conbi natiron. Preferred exanpl'es of the aliphafic unsaturated dibasic acid

used 4 n tHe,R(E$RBt mbA¥SALI on include ~ y-unsaturated dibasic acid, for
exanpl e, a,p-unsaturated di basic acid or 20 di hydronmuconi c acid, such as

mal ei ¢ agi ¢, yaRLEi ¢hanhydl dest SPaRGe naGiadi nigt ACQRIIC KAGISE, oF 13 @&ORIsC
acid, or aconiti¢ acid. These conpounds nmay be used alone or in

conbi nati g ABRNGnt RESE reQEIRQWALS: B eihe daids MRlting iaphwdr ikde and
fumaric acid are particularly preferred. 25 I'n addition to the dibasic acid

component .descrbbed w%%%%%mi%@_%%EQha%i%e%%bﬁ%ﬁk%Q diaRa% 6 B 01 AN

aromati ¢ saturated dibasic acid, and other dibasic acids nay be used in 10

combi nat rga LRybhe appuRt Of 2Q R %-Rased end he dotale QMY measured

10 by the method prescribed in JIS Z8722 and the “color
difference” according to the L*a*b* colorimetric system is
calculated by the following equation:

AE*ab = [(AL*)2 + (Aa*)2 + (Ab*)2]Y2  ees Equation 2
(ii) AE*ab denotes a color difference due to the L*a*b*

15 colorimetric system prescribed in JIS Z8279, AL* denotes a
difference in the CIE 1976 brightness L* between two object
colors, and Aa* and Ab* each denotes a difference of color
coordinates, in the L*a*b* colorimetric system.

(iii) Since the test piece is transparent, the measurement is

20 carried out in a state where the surface opposite the
measuring surface is provided with a white plate which cannot
transmit light. Since the color difference largely depends on
the film thickness in this measurement, it is necessary to
correct the film thickness by LAMBERT’s rule for the case of

25 comparing with a test piece having a thickness other than 3
mm. The higher the AE value, the more severe the

discoloration, such as yellowing.



of the acid conponent as long as the effects of the present invention are
not inpaired. Exanples of the aliphatic saturated dibasic acid include
oxalic acid, malonic acid, 5 succinic acid, adipic acid, sebacic acid,
azelaic acid, glutaric acid, pinelic acid, suberic acid, and dodecanoic

di acid. Exanples of the aromatic saturated dibasic acid include phthalic
anhydri de, isophthalic acid, terephthalic acid, 10 trinellitic acid, and
pyromellitic acid. These conpounds may be used alone or in conbination. In
the present invention, it 1is preferable that aromatic acid conponents such

as aromatic FRAORASLE LRGItdd RLAREILE rSARYT alsed dinbasieC paeisdrand an
anhydri de thereof are not used in conbination, but may be used 15 in

ConbinatEQQeﬁ%ibgngsa%e&ﬁ%e@e%&%ﬁﬂacgﬁ%%SQbfB%ﬁ@ﬂ%%gﬁ%nk&%_dW@abheriﬂg
resi stance of the present invention is satisfied. en using aronmatic acid

corrponeng%liyﬂyaeqei RALCRR1 (RRpoHesc0Si A¥ ehet PeckBskadi aipasfierabliy
reduced by Conbining an aliphatic dibasic acid, such as adipic acid. 20 The

pol yhydr ic%m%'gﬁ%'ﬁ@' (@9PQRent (R 1used Hith he PreseRl d Rvart 0 i
preferably de of a conbination of a symmetric glycol (a) selected from

an al i phabi;gnghycohin 3Rt 2R & IG¥EHIC HiQlreand Rl ieadmAng larcol  (b)
selected froma glycol having no side chain and an asymmetric gl ycol

having apgi 4 e2p0qRARr iEXaMRIES 101 drdp BBl C Ol iedleti@)e Uagtdn the
present invention include neopentyi glycol, hydrogenated bi sphénol A 11

hydr ogenatgd bicspheneadt, e-diRldy! i}, Sdrerarediein ol fyachehemane

di met hanol, and 1, 4-cycl ohexanedi ol . Anong these conpounds, neopenty

glycol i3 prefRri®din and an asymmetric glycol having a side chain are
10 used in combination.

Preferred examples of the alicyclic saturated dibasic
acid include hexahydrophthalic anh?dride, hexahydrophthalic
acid, 1,4-cyclohexanedicarboxylic acid, 1,3-
cyclohexanedicarboxylic acid, methylhexahydrophthalic acid,

15 Het acid, and 1,l-cyclobutanedicarboxylic acid. These
compounds may be used alone or in combination.

Preferred examples of the aliphatic unsaturated dibasic
acid used in the present invention include {,y-unsaturated
dibasic acid, for example, o,f-unsaturated dibasic acid or

20 dihydromuconic acid, such as maleic acid, maleic anhydride,
fumaric acid, itaconic acid, citraconic acid, or aconitic
acid. These compounds may be used alone or in combination.
Among these compounds, maleic acid, maleic anhydride and
fumaric acid are particularly preferred.

25 In addition to the dibasic acid component described

above, an aliphatic saturated dibasic acid, an aromatic

saturated dibasic acid, and other dibasic acids may be used in



Preferred exanples of the glycol having no side chain (b) 5 include those
havi ng a hydroxyl group at both termnals, wherein the nunber of carbon
atons of the straight-chain portion is 2 or nore. More preferred exanpl es
t hereof include straight-chain glycols having a hydroxyl group at both
term nals, wherein the nunber of carbonmtons of the straight- 10 chain
portion is from3 to 10, such as ethylene glycol, diethylene glycol,

triethyl t gpet Y60l mo1%. BaBEEPYheracgkyeal, t
di pr opyl gﬁﬁbgbéggk if gggtgﬁggﬁg glf1 5- mgentaﬁedlol 1, g hexanegpgﬁn

1, 7-hept gpedygl , 1d8c8%EBHQQkOEs 1508 nananediekecand ok, Lxdpcanedicol . 15
The asymmetric g ycol is preferably a glycol which has a principal

chai n hay},pg,p0,add, BURBer ;0bacachon 2kefB180dor oBke ShoEnsbakn al kyl group
as a side chain or ferent short arn al kyl groups, the glycol

bei ng ca r t fi sthe L es | es t her eof
; 9 ggghggg%glagg %E% V3G QS %x%llk %c1% | ha13Rd %1,

i ncl ude propanedi ol , 2-net yI 1, 4-but anedi ol , 2-

ethyls HE?H #&%dih énegggq%l alon 3, PX %B%qu'gbid3 B+ 1@%1dpentaned'0|

and I'n addltlon to the above polyhydrlc al cohol

ConponenﬁathEhge gggC§Qh! i cehal, compenentsican be Ul dahoaenbi nation

25 as long as't the présent invention are not inpaired.
Exanpl es jof _the pol yhydric al cohol conponent (2) which can be used in
conblnatlon “I'Acl ude” an adduct with an 12 al kyl ene oxi de, such as ethyl ene

oxi de, propyl ﬁ&%m@i‘e@e oF th@uﬁxjoﬁﬁq’:1@('5%%u(}fat@éﬂrd9.%%@§tce%cqicﬁ ARRNGIGA; a

di hydric al co uch as ethylene glycol carbonate; a trihydric al cohol

such as l%%rrl naplrh?[tdrlela%t hylQl rt ane 4 IQih Sldniic algehol such 5

as pentagr itol he “andunt ese po rlc al cohol  conponents is

pr eff‘(ﬁ abltYr:LiJn%szl O‘l/c racﬁis;s al?l%s%q/r%%etlll%tth,l aalc:Ld. These compounds may

be used alone or in combination. In the present invention, it
is preferable that aromatic acid components such as aromatic
monobasic acid, aromatic saturated dibasic acid and an
anhydride thereof are not used in combination, but may be used

15 in combination as long as the desired color difference of the
weathering resistance of the present invention is satisfied.
When using aromatic acid components in combination, the
viscosity of the resin is preferably reduced by combining an
aliphatic dibasic acid, such as adipic acid.

20 The polyhydric alcohol component (2) used in the present
invention is preferably made of a combination of a symmetric
glycol (a) selected from an aliphatic glycol, and an alicyclic
glycol and at least one glycol (b) selected from a glycol
having no side chain and an asymmetric glycol having a side

25 chain.

Examples of the symmetric glycol (a) used in the present

invention include neopentyl glycol, hydrogenated bisphenol A,



anount of. the. pol yhydric alcohol. To obtain a resin conposition having
excel l ent yell ow ng resistance, aromatic glycol conpounds which can cause
yellowing, that is, aromatic 10 glycol conpounds capable of form ng a
chronmophore by photoreaction, and a glycol having an ether group such as
an ether bond wherein the deterioratiomreaction is liable to proceed due
toirradiation with light, are preferably not used. 15 Wen using a gl ycol

havi ng ap.Qdd auakey %ﬁs@%@%%ﬂ @t0@32—@ﬁe&hflli3ﬁpb%@ﬁﬁﬂ@d¥ol 1,4-
2- met hyl - { 3- propanedi ol , 2-butyl-2- ethyl 3 propanedlol etc.) as the

asynnEtrb?cgb%%Qﬁn@bh&ka%an%@5|QMM!Qpst@%l%%%xﬁ%ekﬁQH§EdAﬁBﬂgtEﬁe@@ntent
of the polynerizable unsat urat ed monomer can be reduced, and at the 20

sane ti NMeorbRenWiss Cogidhendfy it Ra esulitd R aemResi.tion can be reduced. To
bl ock a term nal carboxyl group of the unsaturated polyester (A, a

monohydri c al gohgle Seh e@%n@qré%ylofalt‘?@@l, &1 eldminend saldeohalaidegyl
al cohol , undecyl al cohol, lauryl 25 al cohol tridecyl alcohol, or stearyl

al cohpl gan beusedsd erav1Q?§a'§p|®dr%lU@5ﬁ>t 3ltethJrel )f:@ctnﬁrna(l@ used in
the present 13 invention is obtained by a condensatlon reaction by a known

net hod Ofwhtei}‘%l‘fil' Rasl ¢ AP CAMANgYn EHondN® ¢ Re P HRdH L o1 igphol

component (2) which are described above as preferred exanples. The nol ar

ratio of Jhe dibasi o agl %&@mom% g%Lfér&@dt eﬁaaghgquhbgealfcqlae,llude
conponen? (2) is preferably (1)1(2) .9 to 1.3. Formul ati on exanpl es of

the pref %ﬂt&%qglm&%tﬂérﬁ gqy&ﬁgerﬁéﬁrng( %) H&%ﬁr@aﬁﬁ theuy eseModivention
i nclude the follow ng rmul ati on Exanpl €
terminals, wherein the number of carbon atoms of the straight-

10 chain portion i1s from 3 to 10, such as ethylene glycol,
diethylene glycol, triethylene glycol, tetraethylene glycol,
1,3-propylene glycol, dipropylene glycol, 1,4-butanediol, 1,5-
pentanedicl, 1,6-hexanediol, 1,7-heptanediol, 1,8-octanedicl,
1, 9-nonanediol, and 1,10-decanediol.

15 The asymmetric glycol (b) is preferably a glycol which
has a principal chain having an odd number of carbon atoms and
one short-chain alkyl group as a side chain or two different
short-chain alkyl groups, the glycol being capable of reducing
the viscosity of the resin, and examples thereof include 2-

20 butyl-2-ethyl-1,3-propanediol, 2-methyl-1l,4-butanediol, 2-
ethyl-1,4-butanediol, 2-methyl-1,3-propanediol, 3-methyl-1,5-
pentanediol, and 3-methyl-1,5-heptanediol.

In addition to the above polyhydric alcohol component,
other polyhydric alcohol components can be used in combination

25 as long as the effects of the present invention are not

impaired. Examples of the polyhydric alcohol component (2)

which can be used in combination include an adduct with an



10 Formul.ation Exanple 1 Di basic acid conponent (1): conposed of 30 to 65
nmol % of an alicyclic saturated dibasic acid, and 35 to 70 nol % of an

al i phatic unsaturated dibasic acid. 15 Pol yhydric al cohol conponent (2):
conposed of 60 to 80 nol% of a symetric glycol (a), and 20 to 40 nol % of
a glycol having no side chain (b). Forjul ati on Exanple 2 20 Di basic acid
conponent (1): conposed of 30 to 65 nol % of an alicyclic saturated dibasic

acid, an 7 % N 5 saleitPRALING léagagur teehvdich@asiokiae &
PoIyhydr?%ﬁggggﬁogxggﬁpo%gﬁ? Ff)%tcg%posed of % %gde nnl@;bf aréynnetric

gl ycol ?LtEQQQezng%e6 fnﬂl%%%%e%%t%% @ﬁ%@%%h%ﬂcAgl%C@hhﬂ%Mthaﬂd%H$i

chain ornul ati on basic acid conponent (1): conposed

of 30 to 3Lk Al IAYEIC Salilied d haShgAdicda 12Rhal i & dtol %

of an atic unsaturatwe basi c acid. Polyhydric al cohol conponent

(2) % of qu_g%%rqfn eQ tt(}l%%t%yrf%ll%r%f ASY RE 1 G @ ERId i) 12 1204 SO i35

l'ycol having no“sid chaln and 5 to 10 nol % of an asymetric

9' YCOé fiagv N9 +8 3 ﬁ%ﬁ%m (l?%e IH@uHESQEUE%@Q B@Wﬁ?&i%&c( Al cused in the

pr esent nvention includes an unsaturated polyestéer acryl ate obtai ned

by reacting g%n%lt%milsaé)rie%re@a@ﬁl Gy o 9 AW My N orliNgAl Walsed epoxy

conpound such as gl yci ether ~ nethacrylate. It also includes a urethane

pond- conta g ofp%'rbéeﬁ}oqr ARHAIALA ARl NedDYEEaR! Linged D! ecul ar

t erm nal ydroxyl g ou h "an “unsat ur at ed conpound havi ng an
composition having excellent yellowing resistance, aromatic

glycol compounds which can cause yellowing, that is, aromatic

10 glycol compounds capable of forming a chromophore by
photoreaction, and a glycol having an ether group such as an
ether bond wherein the deterioration reaction is liable to
proceed due to irradiation with light, are preferably not
used.

15 When using a glycol having an odd number of carbon atoms
(e.g., 1,3-propanediol, 2-methyl-1,3-propanediol, 2-butyl-2-
ethyl-1, 3-propanediol, etc.) as the asymmetric glycol (b), the
resin viscosity can be reduced and the content of the
polymerizable unsaturated monomer can be reduced, and at the

20 same time, the viscosity of the resulting composition caﬁ be
reduced.

To block a terminal carboxyl group of the unsaturated
polyester (A), a monohydric alcohol such as benzyl alcohol, 2-
ethylhexyl alcohol, decyl alcohol, undecyl alcohol, lauryl

25 alcohol, tridecyl alcohol, or stearyl alcohol can be used, for
example.

The unsaturated polyester (A) used in the present



i socyanat.e group and an unsaturated group, and an unsaturated polyester

. acrylate obtained by reacting a nolecular termnal hydroxyl group with an
unsat urat ed nonobasic acid or an acid anhydride thereof. 20 The

pol ynmeri zabl e unsaturated nononmer (B) used in the present invention is
preferably a styrene nononer and/or an iz;crylic nononer; if necessary, the
ot her unsaturated nononer having one or nore polynerizable double bonds in

one nol egykent¢an Be eorhiined PHXAMRLesedlsalthiens phene MORYTRI KWnvtinude 25
styrene, p-nethylstyrene, a-nethylstyrene, t-butylstyrene, vinyltoluene,

di vi nyl bgazgpe, oehkeeostiyaene, aand dnphnenestinensd thesegmyelids my be
used alone or in 15 conbination. Exanples of the acrylic nononmer and

(et h) aceybbeoMPREMBLNEAG UG RBLikAChHYe Gedeird pid skl @ d hafeafrresiich as
met hyl methacrylate, ethyl nethacrylate, butyl nethacrylate, isobutyl 5

net hacrykabepiéset hyhBexyh apethaghybat enel aubykinehhaar ¥bapeneREORY)
nmet hacryl ate, isopropyl nethacrylate, 2-hydroxyethyl nethacrylate,

2- hyds oxypr eyl poBLMGeIALE.coBdly Humpaieery | (2) Met haendrais.y cyol ofpexyl
nmet hacryl ate, isobornyl nethacrylate, dicycl opentenyl oxyet hyl

met hacrylLabeg byt yl cycl ohexyl 10 nethacrylate, or nethacrylic acid;
acrylic acid and esters thereof, such as nethyl acrylate, ethyl acrylate,

butyl acryl ate,rmRnaRYlorA@dn@f1®s IcYORMRPYra@ et &inZreidudiexy!
acrylate, lauryl acrylate, 2-hydroxyethyl "acrylate, cyclohexyl acrylate,

i sobor nyl, ackylate, adi QEEOReNt @Ry eIy i nh2 AaGiad a1 dgduind cycl ohexyl
acrylate, or acrylic acid; and (neth)acrylam de, nethoxydi ethyl ene gl ycol

(et h) acrephalg ngmeiimuitatiaetEdmne gl ycol (neth)acrylate,
met hoxypol yet hyl ene gl ycol (meth)acrylate, R
10
Formulation Example 1
Dibasic acid component (1): composed of 30 to 65 mol% of
an alicyclic saturated dibasic acid, and 35 to 70 mol% of an
aliphatic unsaturated dibasic acid.
15 Polyhydric alcohol component (2): composed of 60 to 80

mol% of a symmetric glycel (a), and 20 to 40 mol% of a glycol

having no side chain (b).

Formulation Example 2
20 Dibasic acid component (1): composed of 30 to 65 mol% of
an alicyclic saturated dibasic acid, and 35 to 70 mol% of an
aliphatic unsaturated dibasic acid.
Polyhydric alcohol component (2):'composed of 40 to 80
mol% of a symmetric glycol (a), and 20 to 60 mol% of an

25 asymmetric glycol having a side chain (b).

Formulation Example 3



(et h) acryl oyl oxyet hyl hydrogenpht hal ate, R- 20 (neth) acryl oyl oxypropyl
hydr ogenpht hal at e, R (net h) acryl oyl oxyet hyl hydrogensucci nat e,

nonyl phenoxyet hyl  (neth)acryl ate, phenoxydi et hyl ene gl ycol (neth)acrylate,
phenoxypol yet hyl ene gl ycol (neth)acrylate, nmethoxytriethylene glycol
(meth)acrylate, nethoxytriethylene glyad 25 (nmeth)acryl ate,

but oxypol yet hyl ene glycol (neth)acrylate, or nonyl phenoxyet hyl

(met h) acryl at @1 ,588%€ 26QRPRURGSNERY e )USedmpalsere o 30N ey Ratlizont 16
The nononers further include, for exanple, ethylene glycol

di (et h) ger whateci1dicetshehene o6l e ®lasdic rRiik), aghd atseto td edd1w ere gl yco
di (net h)acryl ate, polyethylene glycol di(neth)acrylate, 1,3-butylene

gl ycol dizgrehBracr vinatkeurdtRiopiianre glaxed. di (neth)acrylate, 1,4-butylene
gl ycol di(meth)acryl ate, polypropylene glycol di(nmeth)acrylate, 1,6-

hexanedi ol di GratR\ReHH al1RoHMORJAMNGLY Q) : dnpRIfRTY 6l &0 80
trimethyl ol propane“tri(neth)acrylate, trinmethylolethane tri(neth)acrylate,

tetragret hyhel ret haredd thiid RptAacrhat end ator ametdyy heiet kene, glycol
tri(nmeth)acrylate, "tetramethylol methane tetra(mnmeth)acrylate, 2,2-bis[4-

(et h)  agnyliey elcheidephenyll RiePana.c RENtRARY I iddla s ddddretd)aciadat e,

di pentaerythritol hexa(neth)acrylate, oligoester (neth)acrylate, urethane

(neth)acmgwghg @l isgereriohaidp (yet h) acrylic-nodified epoxy oligoner,
epoxy-nodi fied acrylic wurethane oligoner, and (neth)acrylate ol i goner.
These conpounds may be used al one or in conbination. Exanples of the other
pol yneri zabl e unsaturated nononer used in addition to the polynerizable

unsat urat ed MeRQITERH, B rAQd HI14dR 1B 3- gnsalduated Ml yhasigaci d al kyl
ester such as nononethyl funmarate, dinethyl fumarate, nononet hyl nmal eate,

10 invention includes an unsaturated polyester acrylate obtained
by reacting a molecular terminal carboxyl group with an
unsaturated epoxy compound such as glycidyl ether
methacrylate. It also includes a urethane bond-containing
polyester acrylate obtained by reacting a molecular terminal

15 hydroxyl group with an unsaturated compound having an
isocyanate group and an unsaturated group, and an unsaturated
polyester acrylate obtained by reacting a molecular terminal
hydroxyl group with an unsaturated monobasic acid or an acid
anhydride thereof.

20 The polymerizable unsaturated monomer (B) used in the
present invention is preferably a styrene monomer and/or an
acrylic monomer; if necessary, the other unsaturated monomer
having one or more polymerizable double bonds in one molecule
can be combined. Examples of the styrene monomer include

25 styrene, p-methylstyrene, o-methylstyrene, t-butylstyrene,
vinyltoluene, divinylbenzene, chlorostyrene, and

dichlorostyrene. These compounds may be used alone or in



di ret hyl .nal eate, nonoet hyl fumarate, diethyl fumarate, nonoethyl nualeate,
di et hyl nmal eate, nonopropyl fumarate, dipropyl fumarate, nonopropyl

mal eat e, di propyl mal eate, 25 nonobutyl fumarate, dibutyl fumarate,
nonooctyl furmarate, dioctyl fumarate, nononethyl itaconate, dinethyl
itaconate, diethyl itaconate, nonoethyls itaconate, nonobutyl itaconate, 17
di butyl itaconate, nonopropyl itaconate, or dipropyl itaconate, and
diallyl pbiBahateonThese conpounds nmay be used alone or in conbination.
The amount of the polynerizable unsaturated nmononer (B) 5 used in the

present invengkonomBY Be Qﬁeaﬁﬁrgﬁﬁ@nhoﬂ%mbgnﬁnﬂs(m%ﬂﬁ)@%&@@ﬁ% aforidie r
present invention can be achieved, and is usually 60% by wei ght or |ess.

For the g¢aseu whBencthacYadneti aatioRnks ekedugedhandoirhe syehl @ rethesi st ance
is inproved by using a styrene nononer, 60 to 95% by weight of 10 the

unsat ur af,ednRekyester fhyande®nberdA%rhy wWRicght nefnbke yatitegne pRhuvar are

preferred as the weight ratio of thé styrene nononer as the unsaturated

pol yest eptaathe1aRel Y PRLic A3 he »4as alfe%@beiglwéqrr%u(r@)ﬂ RBhatQ 112 t85% by
wei ght of the unsaturated polyester (A) and 30 to 15% by 15 wei ght of the

styrene poLyRRr neBha@he 1BREE RERERIESY: MR creaGh HMOWHydr%:MdtHyL t he
above range, "a good influence is exérted on the gloss retention of the

resin cupedpartighee, The gl ebriie mirsalinated pal-yeat@sx oy t he

pol ymeri zabl e unsat ur at ed “nonofrer ) is preféerably within a” 20 range from

40 10 951t LQ13t6% Y MR meth@ dFXiaR@ " aldd®or@fy it m%tsiasﬂxgn%tr@;norrer
to the acrylic nmononmer i's preférably wthin a range fromO to 50 : 50 to

100 (% by s weiabbln t ERG 1W:S~88AY e Hale Rsal uraled A ek yiesi n
conposition of the présent invention is preferably adjusted

10 methacrylate, or methacrylic acid; acrylic acid and esters
thereof, such as methyl acrylate, ethyl acrylate, butyl
acrylate, propyl acrylate, isopropyl acrylate, Z2-ethylhexyl
acrylate, lauryl acrylate, 2-hydroxyethyl acrylate, cyclohexyl
acrylate, isobornyl acrylate, dicyclopentenyloxyethyl

15 acrylate, t-butylcyclohexyl acrylate, or acrylic acid; and
(meth)acrylamide, methoxydiethylene glycol (meth)acrylate,
methoxytetraethylene glycol (meth)acrylate,
methoxypolyethylene glycol (meth)acrylate, B-
(meth)acryloyloxyethyl hydrogenphthalate, -

20 (meth)acryloyloxjpropyl hydrogenphthalate, B-
(meth)acryloyloxyethyl hydrogensuccinate, nonylphenoxyethyl
(meth)acrylate, phenoxydiethylene glycol (meth)acrylate,
phenoxypolyethylene glycol (meth)acrylate, methoxytriethylene
glycol {meth)acrylate, methoxytriethylene glycol

25 (meth)acrylate, butoxypolyethylene glycol (meth)acrylate, or

nonylphenoxyethyl (meth)acrylate. These compounds may be used

alone or in combination.



25 within arange f rom4. 5to 0. 2 Pa - s by incorporating the

unsat urated polyester (A and the polynerizable unsaturated nononer (B)
18 The nunber-average nol ecul ar wei ght (Wi) of the unsaturated pol yester
resin used in the present invention is preferably within a range from
1,200 to 5,000. When the nunber-average nol ecular weight is smaller than
1,200, the 5 nechanical strength of the resin cured article is reduced. In

contrast, wheaphbhgoRuReS- 2verage ABkecdedr Rl gikbmps el akgery lebnkan 5, 000,
the viscosity of the unsaturated polyester resin conposition is enhanced;

thereforgyyib)i &iRheta)Ledy1ihe, gbassninans yigeolepanatunadightef, the
resin cu e& 10 article ob?alned fromthe polyester resin conposition of

the present:hpyenaki ga ic%lp'Ei@Lf(ﬁlre%lPll)léc\Mytl_ﬁit@,an@n@@thyfl@mé f19cbI00C.  To
t he unsaturated polyesger resin conposition of the present invention,

ul travi olgt AREYLRELS ;380 Ul LraviQhehel?1siahi ldiz@fs oar Ma fuy,t her added.
Exanpl es of the ultraviolet absorber include benzophenone, benzotriazol e,

and cyan rﬁ)?g/rlléln%t § 150N dse tRY A AS tQf, tihe Wuthawnd ef1 yedabi | i zer

i ncl ude dered "am ne conpound. These conpounds nmay be in any form and

may have jpqkyreh ia%%*gﬂl%tree,agdl\ggtrbp@rle%t liyidAabla @R drpacddwidne, andg-are
appropriately selected and uséd. "Various organi c peroxides as a curing

agent na%eggnehﬂgqrggnakgﬁﬁb ﬁ%ﬂ&g@}ﬂﬁgﬁﬁgﬁﬁ%ﬂidyyd§§ter resin conposition

of the present 1nvention. anpl es of the organi'c peroxide include nethyl

et hyl ketdqu?r\el%%r)% 2 tRENZQYIn PG 1§ o p2ih AGELY (nRG8] QN Prftaxi de,
bi s-4-t-butyl cycl ohexane di carbonate, =~ and t-butyl - peroxy-2-ethyl hexanate.
These C0QHQH@Q%QYQié%ﬁad@“%%fﬂd@%ﬁ#Hbﬂﬂlé%@ﬂﬂﬂéﬁﬂéﬁbthylolmethane
10 tri(meth)acrylate, tetramethylolethane tri (meth)acrylate,
tetramethylolmethane tetra(meth)acrylate, 2,2-bis[4-
(meth)acryloxyethoxy]lphenyl]lpropane, pentaerythritol
tri(meth)acrylate, dipentaerythritol hexa(meth)acrylate,
oligoester (meth)acrylate, urethane (meth)acrylate oligomer,
15 (meth)acrylic-modified epoxy oligomer, epoxy-modified acrylic
urethane oligomer, and (meth)acrylate oligomer. These
compounds may be used alone or in combination.
Examples of the other polymerizable unsaturated monomer
used in addition to the polymerizable unsaturated monomer (B)
20 include o, P-unsaturated polybasic acid alkyl ester such as
monomethyl fumarate, dimethyl fumarate, monomethyl maleate,
dimethyl maleate, monoethyl fumarate, diethyl fumarate,
monoethyl maleate, diethyl maleate, monopropyl fumarate,
dipropyl fumarate, monopropyl maleate, dipropyl maleate,
25 monobutyl fumarate, dibutyl fumarate, monooctyl fumarate,

dioctyl fumarate, monomethyl itaconate, dimethyl itaconate,

diethyl itaconate, monoethyl itaconate, monobutyl itaconate,



19 To the unsaturated polyester resin conposition of the present

. invention, polynerization inhibitors, curing accelerators, dyes, pignents,
and waxes such as paraffin can be added optionally. Exanples of the

pol ynmeri zation inhibitor 5 include hydroqui none, pyrocatechol, and
2,6-t-butyl paracresol. Exanples of theycuring accel erator include netal
soaps such as cobalt naphthenate and cobalt octenate; quaternary anmoni um

salt suchiastgilmetRyloberay| admRpirePy1Chlterdohet eh- dirkelignesuch as
acetyl acetone; and am nes such as 10 dinethyl aniline, N ethyl-netatoluidine

and tri etharehame)e andFditharIopdtsaEtRUS eddktki ¥empsuaBsamal/hbxotksepi c
agents (e.g., silica powder, asbestos powder, etc.), fillers,

stabi | i zgns$nedefroaneiomnchatawel.i ng agents; thernoplastic polynmers such as
pol ynet hacrylic acid resin (PMVA); and 15 conmercially avail able

MBCT ONDNOTeT S ThAAsfoand A the JRRHAGEHAL hihSEOAGRSRIY GRnorekD. )s)can be

i ncorporated as |long as the performance of the gloss retention is not

i mpai § edysERE il @R AdsRG d N b8 (G esi Y i Ff die desaNta0 driyyend i on
may be preferably those used for coloration, and exanples thereof include

titani umppdl e rdc@d iJfOR Xl serRONARRSAG A7 &drethe tddraniwin yeldow s cobal t
bl ue, quinacridon red, carbon black, iron black, ultramarine green, blue,

perinone,gfifaussi avsblgie wdightndl inone, eBrorBegaed. wexaniche 25 bl ue, and
green. Those, which are superior in ultraviolet stability and do not

i nhi bi t GUHJY At itdhe iROINRRIRI] r8f tHY &/ 1SIR)WBIGEL itk t 10 pioy at ed
according to color tone. These 20 <coloring pignents can be dispersed or

m xed di regidatad Y tRenP Kashand efddbney, G he eided; ive the: for m of a
col or toner
10 the unsaturated polyester (A) and 5 to 40% by weight of the
styrene polymer are preferred as the weight ratio of the
styrene monomer as the unsaturated polyester to the
polymerizable unsaturated monomer (A)/(B). 70 to 85% by
weight of the unsaturated polyester (A) and 30.to 15% by
15 weight of the styrene polymer (B) are more preferred. When
each amount is within the above range, a good influence 1is
exerted on the gloss retention of the resin cured article.
The ratio of the unsaturated polyester (A) to the
polymerizable unsaturated monomer (B) is preferably within a
20 range from 40 to 95 : 60 to 5 (% by weight). The mixing ratio
of the styrene monomer to the acrylic monomer is preferably
within a range from 0 to 50 : 50 to 100 (% by weight).
The viscosity of the unsaturated polyester resin
composition of the present invention is preferably adjusted
25 within a rangé from 4.5 to 0.2 Pa-:s by incoiporating the
unsaturated polyester (A) and the polymerizable unsaturated

monomer (B).



prepared by previously kneading with a saturated or . wunsaturated

. polyester solid. The anobunt of the pignent is 5 preferably within a range
fromO0.1 to 50 parts by wei ght based on 100 parts by wei ght of those
prepared by dissolving the wunsaturated pol yester and pol ynerizable

unsat urated nononer. Exanples of the fiijder used in the conposition of the
present invention include calciumcarbonate, talc, mca, clay, 10 silica

powder, col | oidal nSible¢aavashest av 1R weargnem @)f aife,tr um num
hydr oxi de, gl ass powder, alum na powder, silicon dioxide powder, glass

beads, apndsetushedaqsandycEter GREIOSdeNS Oft Hh@ yRsaNt dviantdron scan
used as putties, sealing materials and coating materials after

i ncor por atrie®@ rh% 1hese Hiinl laersngEhekr ot & @m0 teuid, e d.or wuee aser ei nforcing
materials by inpregnating cloths and kraft papers. Fiber reinforcers can

al so be adeed tavihegensiivaaiied wealgrestiey sresiiecamesit,izpy oftide
present invention. Exanples of the reinforcer include glass fibers (e.g.,

chopped m2@nshiaRd MRirerdtdsS PHNG Hi0t Rou e Int iGardans fidficsd.or gani ¢
fibers (e.g., vinylon, polyester, phenol, etc.), and nmetal fibers. A fiber

rei nf or ce@nrhasl, ¢ whisRP): Heah i ablaidted dno 124 NG 1 iigh 7 0% bys spi ght  of

the reinforcer. A cured article of a conventional unsaturated pol yester 25

resin whitginhas oaogl es% ratMdiay, reathenint thfse PipH0hper UL AN a
color difference (Z~E) of 20 or l'ess cannot be obtained. In contrast, the

unsat ur alcehpReli¥asher o @ginhried;N& helre RS ENIL 1Y GHd Yy 4y capabl e of
formng a resin cured article having excellent gloss retention and

yel |l owi ng resitsicanae sky t radjustiidiy ddipe stk )Stdfeshdpl Gph gy of
the cured article to 17 MPa or |ess, and preferably to 15 MPa or less, 5
and by adjr#stdirg dbhe irid & e Idkade wdi8SsSdmBsition of the
present invention is preferably within a range from 5 to
130°C.
To the unsaturated polyester resin composition of the
present invention, ultraviolet absorbers and ultraviolet
15 stabilizers can be further added. Examples of the ultraviolet
absorber include benzophenone, benzotriazole, and cyano
acrylate compounds. Examples of the ultraviolet stabilizer
include a hindered amine compound. These compoﬁnds may be in
any form and may have polymerizable reactivity or esterifiable
20 reactivity, and are appropriately selected and used.
Various organic peroxides as a curing agent may be
incorporated into the unsaturated polyester resin composition
of the present invention. Examples of the organic peroxide
include methyl ethyl ketone peroxide, benzoyl peroxide,
25 acetylacetone peroxide, bis-4-t-butylcyclohexane dicarbonate,

and t-butyl-peroxy-2-ethyl hexanate. These compounds may be

used alone or in combination.



cooling/elastic imt" to 1 or less, and preferably to 0.05 to 0.85. Since
. the cured article obtained fromthe resin conposition of the present

i nvention has physical properties capable of retarding the

phot o-deterioration reaction and 10 withstanding a stress produced by a
repetitive change in tenperature betweeh night and day and due to seasona
variation, the gloss retention after the 2,000-hour weathering test using

a Sunshi ne weabhehemeheh tusa@@¥ @b 1jRIst.erai@sipr efoapalaliy 12000cdr ther e, and
the color difference (,LE) is 20 or 15 less, preferably 16 or |less. The

unsat ur abedspakyestentiesi, N peaRResiilzaen of itnkebipesgnicurivention is suited
for use In coating materials such as lining materials, coating

conposi t hekel c2Rd oRar, t idslsar Iy grinefssr abldy wasde CealdMG s atatd flis deor t he
case of mxing with 20 fiber reinforcers and/or fillers, it can be used in

mol ded gkt ihelies S¥eh oa$1SMC andaBplesAsEokHENGOlL 9mblte zpE@BANE nhilBY €DEI 0N,
it is possible to provide a fiber reinforced plastic nolded article

obt ai fied ;1 by 1f,@MhRE d SUHREE HEMIcat iR 19f ahdel, Gaatdutg/imat erial of the
unsat urated pol yester 25 resin conposition of the present invention on a

fiber reantereedipl agkhfpiekded anki eleinyhhebelsrauper iaclude weathering
resi stance, yellow ng resistance, and surface 22 gl oss. Exanples of the

unsat ur atse@d pRolsyRst &fs [R¥Yalt ¢ iddzaie oind yiesedtdrimant i on incl ude
bat ht ubs, unit baths, washstands, kitchen utensils, boats, fishing

vessel s, qubark$arianghonighisdie eierss dowsimgyaisfliagoniohairs, 5
desks, and autonobile parts. The coating material of the present invention

i s obtaiped oMyie3ddi-RE KEHIRY ANt aleh tOUId did Giasel Sfatafindd deh as
unsat urated pol yester resin conposition of the present
10 dimethylaniline, N-ethyl-metatoluidine and triethanolamine.
Furthermore, various additives such as thixotropic agents
(e.g., silica powder, asbestos powder, etc.), fillers,
stabilizers, defoamers and leveling agents; thermoplastic
polymers such as polymethacrylic acid resin (PMMA); and
15 commercially available macromonomers (AA-6 and AA-10,
manufactured by TOAGOSEI CO., LTD.) c¢an be incorporated as
long as the performance of the gloss retention is not
impaired.
The pigment used in the composition of the present
20 invention may be preferably those used for colcoration, and
examples thereof include titanium white, red ifon oxide,
condensed azo red, titanium yellow, cobalt blue, quinacridon
red, carbon black, iron black, ultramarine green, blue,
perinone, Prussian blue, isoindolinone, chrome green, cyanine
25 blue, and green. Those, which are superior in ultraviolet

stability and do not inhibit curing of the polyester resin are

selected and incorporated according to color tone. These



invention, and optionally contain fillers, pignents, waxes, 10 ultraviolet
absorbers and ultraviolet stabilizers. The gel coating material of the
present invention is obtained by adding curing agents and curing
accelerators to the unsaturated polyester resin conposition of the present
invention, and optionally contains pignemts, ultraviolet 15 absorbers, and
ultraviolet stabilizers. The FRP nolded article of the present invention is

obt ai ned Y ofrahid A Ehed@ls GRat iKY diayRr i tdie iwdacs ety nilh ugihg a
gel coating material nade of the unsaturated polyester resi'n conmposition

of the prRIGRLsticRveRlsieN), ANEHY 0 dRILH Nt & RAGK MY dR¥eIcdIsd MG cha! di ng
material of SMC or BMC according to a known nol di ng nethod. The

unsat ur ated pRAlee e b HelSidu A8 44 191y ofidrhes daeseted msention can al so

be used in sealing materials, ~ putties, cast products, and resin concretes.

I n these @a3s@%rate P Ilicas S WA iap, f iraRE apehakdant eneayibaechur ther added,
if necessary. 23 MPLES T he follow ng Exanples further illustrate the

present igpegti-on J nidetia 15 rlaﬂlg(é he-g esente d e Hd Qs ib;y Nt i dHemgedq by
the Exanples. In the follow ng anpl es, "parts" are by wei ght unl ess

ot her wi S@SReG fiaeds (Examldhtl)o PrERAMA U e UNSAtUALed, P uast er resin
conposition. Ina 2-liter four-necked flask equi pped with a 10 thernoneter,

a StirrefnsaRurfeidd gR3 yd¥TRAUH D GHd e i A & ul £t re N IRNRSHe r 366
parts of neopentyl glycol, 88 parts of° ethylene glycol, 88 parts of

2-but yl - 2- et halpdoy Qranedl ol 111462, R tis afhhexapulaphihal ¢ ¢anhydri de,
and 232 parts of -
present invention include calcium carbonate, talc, mica, clay,
10 silica powder, colloidal silica, asbestos powder, barium
sulfate, aluminum hydroxide, glass powder, alumina powder,
silicon dioxide powder, glass beads, and crushed sand. The
compositions of the present invention can used as putties,
sealing materials and coating materials after incorporating
15 these fillers. They are also suited for use as reinforcing
materials by impregnating cloths and kraft papers.
Fiber reinforcers can also be added to the unsaturated
polyester resin composition of the present invention.
Examples of the reinforcer include glass fibers (e.g., chopped
20 strand mat, glass roving cloth, etc.), carbon fibers, organic
fibers (e.g., vinylon, polyester, phenol, etc.), and metal
fibers. A fiber reinforced plastic (FRP) can be obtained by
adding 10 to 70% by weight of the reinforcer.
A cured article of a conventional unsaturated polyester
25 resin which has a gloss retention (weathering test) of 60% or

more and a color difference (AE) of 20 or less cannot be

obtained. In contrast, the unsaturated polyester resin of the



fumaric acid were charged and heated to 205' C while bl ow ng 15 nitrogen
gas. After reacting for 14 hours, 468 parts of a styrene nononer and 0.12
parts of hydroqui none were added to obtain an unsaturated polyester resin
conposition having a nonvolatile content of 70% and an acid val ue of 12. A
cured article of such a conposition shhawed a shrinkage stress upon 20
cooling of 1.6 MPa and a ratio of shrinkage stress upon cooling/elastic

limt of,0eddntASndchestht ief chbanfiel bewiragmingakheeisig testd bheighess
retention was 75% and the color difference was 8.9. 25 (Exanple 2)

Preparat hgpifph dRsatueatedipakyestenties BndCQeRABNGN relsA s& agick byr
2-liter four-necked flaskto that of Exanple 24 1, 457 parts of neopentyl

glycol, 3%4;p8ktifgothd, 3sRrapanRed Gkrest0upRdnt €c@fling” of the cured _
2- butyl -2-ethyl -1, 3-propanedi o', 462 parts of hexahydrophthalic anhydri de,

and 232 pakts)@f chumar Mpaaeird 1euer e spliapged <33t 1Realed st Mp2lee, 12r¢,t hen an
esterification 5 reaction was carried out. After reacting for 12 hours, 483

part ss of ;gqshbyr gAgulRRARERL KNG 28113 oRakhes OlsnhyeaG ReRe seeionadded to
obtain an unsaturated podl yester resin conposition "having a nonvolatile

content @ho719%yaBd s8R j8CHAmMalue Ofi Sr T@sE00 par byeBe Alp1S wrsat wsated
pol yester resin, 0.5 parts of 10 Tinuvin 400 (ultraviol et absorber,

manuf act gr gd bysGhba vipeshabit yrohenkcabeakfed) rr8m4tparkesoh Tinuvin 123
(ultraviol et absorber, manufactured by C ba Speciality Chemcals Inc.),

and 0.1 papbssetibf- 82 Gwlt ravsnet iaReerhen ha@?&fﬁqwle% Y ASAHs DENKA

KOGYO K K.) "were added to obtain 15 an unsaturated pol yester resin
conposi t LaBapAeC Brfeqe%][atﬂgqln% t¥e PHOR A LAY LAR S hAwRd i@ rshidkage

stress upon cooling o .3 MPa and a ratio of shrinkage stress upon
10 withstanding a stress produced by a repetitive change in
temperature between night and day and due to seasonal
variation, the gloss retention after the 2,000-hour weathering
test using a Sunshine weatherometer is 60% or more, and
preferably 70% or more, and the color difference (AE) 1is 20 or
15 less, preferably 16 or less.

The unsaturated polyester resin composition of the
present invention is suited for use in coating materials such
as lining materials, coating compositions, and particularly
preferably gel coating materials. For the case of mixing with

20 fiber reinforcers and/or fillers, it can be used in molded
articles such as SMC and BMC. According to the present
invention, it is possible to provide a fiber reinforced
plastic molded article obtained by forming a surface layer
made of a gel coating material of the unsaturated polyester

25 resin composition of the present invention on a fiber

reinforced plastic molded article, which is superior in

weathering resistance, yellowing resistance, and surface



cooling/elastic Iimt of 0.31. As a result of the follow ng weathering
test, the gloss retention was 95% and the color 20 difference was 3. 1.
(Exanmpl e 3) Preparation of unsaturated polyester resin conposition. In a
simlar 2-liter four-necked flask to that of Exanple 25 1, 417 parts of
neopentyl glycol, 152 parts of 1,3- propanediol, 308 parts of
hexahydr opht hal i ¢ anhydri de, and 464 parts of fumaric acid were charged

and heat gdloLQ . 2196818528 thenuABaestatkhi patiyeBreeaetkon was carried
out. Aftér reacting for 14 hours, 579 parts of a styrene nononmer, 193

parts of -aRLHBYL tABhhaer Hhat e reaadh 0.1 pafiloh A X0 BHtIAD s, Weird tadded to
obtain an unsaturated polyester resin 5 conposition having a nonvol atile

content @f6Q% ,ABna¢LGd4a! U8 t Qferrut@idia & $eRYdY AfsHrG RrsselA cured
article of such a conposition showed a shrinkage stress upon cooling of

7.9 MPa aRgsd LAkl Of wiMildkAGRHdESS HRAN P tRg/i@ast ik dilyg t of
0.71. As a result of the follow ng weathering test, the gloss 10 retention

was 79% qangst he neolQf ddfiarenza-mas 13. (Exanple 4) Preparation of
unsat urated pol yester resin conposition. In a 2-liter four-necked flask

equi pped W t hal3LReMPIRIRIri A 1 Y prakditerin@as idH rnedusig de et,
and a reflux condenser,” 335.3 parts of neopentyl glycol, 73.5 parts of

1, 2- pr opyleng 9 e Qhur 1%y RAJdrt Ofards Zfiutny & atb 3 dy apanediol , 433. 4

parts of 1,4-cyclohexanedi carboxylic acid,” and 209 parts of fumaric acid

vere chagged +and theated J 205G &0 Whidn Y QW 10 JY oy Gas e After

reacting for 14 hours, 422 parts of a styrene monomer and 0.12 parts of
hydroqui neReMerls, addedda Bhiaih @ahunsataratad P iesils f 6aldts,

conposition
10 ultraviolet absorbers and ultraviolet stabilizers. The gel
coating material of the present invention is obtained by
adding curing agents and curing accelerators to the
unsaturated polyester resin composition of the present
invention, and optionally contains pigments, ultraviolet
15 absorbers, and ultraviolet stabilizers.

The FRP molded article of the present invention is
obtained by forming a gel coating layer on the surface of a
mold using a gel coating material made of the unsaturated
polyester resin composition of the present invention, and by

20 forming a backing layer using a molding material of SMC or BMC
according to a known molding method.

The unsaturated polyester resin composition of the
present invention can also be used in sealing materials,
putties, cast products, and resin concretes. In these cases,

25 additives such as flame retardants may be further added, if

necessary.



havi ng a nonvol atile content of 70% and an acid value of 12. To this a
conposition, 758.1 parts of neopentyl glycol 25 dinethacrylate as a

pol ymeri zabl e unsat urat ed nononmer were added to obtain an unsaturated

pol yester resin conposition. A cured article of such a conposition showed
a shrinkage stress 26 upon cooling of 4.4 MPa and a ratio of shrinkage
stress upon cooling/elastic limt of 0.67. As a result of the follow ng
weat heri pgaf@sks the gloss retention was 89% and the color difference was
11.4. 5 (Exanple 5) Preparation of unsaturated pol yester resin

conposi tion. kRea rgi1Moh@h 2 wdah@ douhrneeked ihhask e that ledranple 1,
229 parts of neopentyl glycol, 297 parts of 2-nethyl-1,3- 10 propanedi ol

308 part §nQknhexahydr erRthal i & ANRYY iflesARd 1343 RaldS 1&f Ho#MarinG e d
were charged and heated to 210C, and then an esterification reacti on was

carried gyt cpaf E&hmpieacting tAe #21h8uWEs éQﬁmE@éE? ohaatstyheaepyonomner
and 0.12 “parts of hydroqui none were addeg to obtain an unsaturated 15

pol yest ef;or g$iN (¢QRRAS idrihytiad N arpl atile content of  70%and an
acid value of 12. To 100 parts of this unsaturated polyester resin, 0.5

parts of Tinuvin 400 (ultraviolet absorber, manufactured by C ba
Speciality Chemcals Inc.), 0.4 parts of Tinuvin 123 (ultraviol et

absor ber , pEaghactyr ed v 120 1Grba, SREE Al t LhB16A & diNGdsiand 0.1 parts
of LA-82 (ultraviolet absorber, manufactured by ASAH DENKA KOGYO K. K.)

vere added {0 QRtiajn an unsaturated polyester resin. conposition. A cured
article of such a conposition showed a shrinkage stress upon cooling of

10.1 MPa and g &l i 19ftesd /A HAGe SRS WAN Rl ing/elastic Timt of
0.45. As a

10 thermometer, a stirrer, an inert gas introducing inlet, and a
refiux condenser, 366 parts of neopentyl glycol, 88 parts of
ethylene glycol, 88 parts of 2-butyl-2-ethyl-1,3-propanediol,
462 parts of hexahydrophthalic anhydride, and 232 parts of
fumaric acid were charged and heated to 205°C while blowing

15 nitrogen gas. After reacting for 14 hours, 468 parts of a
styrene monomer and 0.12 parts of hydroquinone were added to
obtain an unsaturated polyester resin composition having a
nonvolatile content of 70% and an acid value of 12. A cured
article of such a composition showed a shrinkage stress upon

20 cooling of 1.6 MPa and a ratio of shrinkage stress upon
cooling/elastic limit of 0.14. As a result of the following
weathering test, the gloss retention was 75%, and the color

difference was 8.9.

25 (Example 2) Preparation of unsaturated polyester resin
composition.

In a similar 2-liter four-necked flask to that of Example



result of. the - follow ng weathering test, the gloss retention was 85% and
. the color difference was 13.7. 27 (Exanple 6) Preparation of unsaturated
pol yester resin conposition. In a simlar 2-liter four-necked flask to
that of Exanple 5 1, 458 parts of neopentyl glycol, 99 parts of
2-met hyl -1, 3- propanediol, 308 parts of2hexahydrophthalic anhydride, and
294 parts of maleic anhydride were charged and heated to 210C, and then

an esterilfi qat/i @arieacti R RN IGAr IJ18& Yt .51AdRIt s Igadt,iNng dapyankdikayr s,
486 parts of a styrene nonomer and 0.11 10 parts of hydroqui none were added

to obtai noapayhsatosr 2i-emht Aoy N -H repmesiildIgh devigygtas ranvol atil e
content of 68% and an acid value of 14. A cured article of such a

conposi t n@Rk apReMREb A SN kags, SHIIRSS dHPP LOYAdMG ff FuddvHa idia ratio
of shrinkage stress upon cooling/elastic limt of 15 0.31. As a result of

the fol | quirkg cneaifey i@ tHRSted M H105%T, rRIEHHON MR % sA8%1 find tik col or
difference was 11.4. (Exanple 7) Preparation of unsaturated pol yester resin

conposi t ir@Rctd@nl Wad Hdhdidld Zdd t enrkawr yegekedf kagsk 1vonbhat, oligBxanpl e
1, 458 parts of neopentyl glycol, 84 parts of 1, 3-propanediol, 462 parts

of hexahydrephidiald & Ayl indhordid A32 Pard S0ft  WRH el e what ged

and heated to 210C, and then an esterification reaction was carried out.

After reaeldedd ti0lobt2i nldrh et sh t A RAESL st StneEne dmipEr il 0. 12
parts of hydroqui none were added to obtain an unsaturated polyester resin

conposi t haR iV NG vl 1ad Iddn et it afs 6804 and &t L& a6 bval ue of
11. A cured article of such a conposition showed a shrinkage stress upon
cooling ab 9.0b Maw@and @ thatd Qinsaturated polyester resin, 0.5 parts of
10 Tinuvin 400 (ultraviolet absorber, manufactured by Ciba
Speciality Chemicals Inc.), 0.4 parts of Tinuvin 123
((ultraviolet absorber, manufactured by Ciba Speciality
Chemicals Inc.), and 0.1 parts of LA-82 (ultraviolet absorber,
manufactured by ASAHI DENKA KOGYO K.K.) were added to obtain
15 an unsaturated polyester resin composition. A cured article
of such a composition showed a shrinkage stress upon cooling
of 7.3 MPa and a ratio of shrinkage stress upon
cooling/elastic limit of 0.31. As a result of the following

weathering test, the gloss retention was 95%, and the color

20 difference was 3.1.

(Example 3) Preparation of unsaturated polyester resin
composition.
In a similar 2-liter four-necked flask to that of Example
25 1, 417 parts of neopentyl glycol, 152 parts of 1,3-
propanediol, 308 parts of hexahydrophthalic anhydride, and 464

parts of fumaric acid were charged and heated to 210°C, and



of shrinkage.  stress upon cooling/elastic limt of 0.55. As a result of
the followi ng weathering test, the gloss retention 5 was 73% and the col or
difference was 14.2. (Exanple 8) Preparation of unsaturated pol yester resin
conposition. In a 2-liter four-necked flask equipped with a 10 thernoneter,
a stirrer, an inert gas introducing inlzg, and a reflux condenser, 458
parts of neopentyl glycol, 99 parts of 2-nethyl-1, 3-propanediol, 308 parts

of hexahydegphhhakie riznbydicde reand 1348 wpar tarefiebusari.c actdrwere charged
and heated to 210C. After reacting for 14 hours, 503 parts of a 15 styrene

nmononer, raRdt@ndlrparta ebukydr caui pare sweire saddedehe mobbalker,an o3
unsat urated pol yester resin conposition having a nonvol atile content of

68% and gRrasi drvakidyaf mb2habruaed, and ©l.e20basteh o eQuResilinemheshowed
a shrinkage stress upon cooling of 11.7 MPa and a ratio of shrinkage

stress upape2Q4eeal ikBILetash anl WMsktRfra@eod pohAyedte@sels igf the foll ow ng
weat hering test, the gloss retention was 67% and the color difference was

14. 5.5 (Exappbe i) oRr eRaialy AN ndh st ukaleeh tRolty 8%t @Dl esinn acdd value
conposition. In a simlar 2-liter four-necked flask to that of Exanple 1,

278 part g0k naapent yi sglokG@hy 30 0Rd toe Of . 2AMRAIEG lard 29 ¢ RIORAREdI0!
111 parts of isophthalic aC|3: 44 parts of adipic acid, 103 parts of

hexahydr @BH%)Q@'iit(i cANRYdhicde a atd iL%A AT e s@f uldiRIdeS 136igd oere o« harged
and heated to 210C, and then an esterification reaction was carried out.

After reaghi B9EQK o5 k2 MUNTage! % thaVdsS Qord SHoMlieRe dTrenRY 1aRd t0.435 _
parts of hydroquinone were added to obtain an unsaturated polyester resin
conposi tipoRhaviBg;a,800Ye! 8k LeeCeBt €8l iRE (8% ABEiAY test, the gloss

10 retention was 79%, and the color difference was 13.

(Example 4) Preparation of unsaturated polyester resin
composition.
In a 2-liter four-necked flask equipped with a

15 thermometer, a stirrer, an inert gas introducing inlet, and a
reflux condenser, 335.3 parts of neopentyl glycol, 73.5 parts
of 1,2-propylene glycol, 90 parts of 2,2-butyl-2-ethyl-1,3-
propanediol, 433.4 parts of 1,4-cyclohexanedicarboxylic acid,
and 209 parts of fumaric acid were charged and heated to 205°C

20 while blowing nitrogen gas. After reacting for 14 hours, 422
parts of a styrene monomer and 0.12 parts of hydroquinone were
added to obtain an unsaturated polyester resin composition
having a nonvolatile content of 70% and an acid value of 12.
To this a composition, 758.1 parts of neopentyl glycol

25 dimethacrylate as a polymerizable unsaturated monomer were
added to obtain an unsaturated polyester resin composition. A

cured article of such a composition showed a shrinkage stress



acid value of .12. A cured article of such a conposition showed a shrinkage
. stress upon cooling of 6 MPa and a ratio of 10 shrinkage stress upon
cooling/elastic Iimt of 0.25. As a result of the foll ow ng weathering
test, the gloss retention was 66% and the color difference was 13.7.
(Conparative Exanple 1) Preparation of sagsaturated pol yester 15 resin
conposition. In the sane nmanner as in Exanple 1, 416 parts of neopentyl

glycol , 192npaill il L2-18r apyisehe il YCat 1332 Mahs nilyd saidaligomaci d,
and 464 parts of fumaric acid were charged and heated to 210C, and then an

esterificallang@ 18361 anas Jxary ied odk. aAbkghiteaet LAG kBR1dihgurs,
939 parts of a styrene nononer and 0.12 parts of hydroqui none were  added

to obtai Qze%%h‘é@%%?urt%ts%q_ ROl @alRls eHdhtGIPosid igan, ha nha ool atile
content of 55% and an acid value of 5. A cured article of such a

conposi t i@ sghwed §shrijnkage stress 25 upon cooling of 29.6 MPa and a

rati o of shrinkage stress upon cooling/elastic limt of 1.31. As a result
of the following weathering test, a gloss retention (1,500 hours) was 60%
and 30 a color difference was 20.4. (Conparative Exanple 2) Preparation of

unsat ur at(eq -pRJ1%e st elpr JSidt SCRITRAS il Q- B el 1A RANR fTBANEM, as in
Exanpl e 1, 208 parts of = neopentyl glycol, 76 parts of 1,2-propyl ene
glycol, 13sRalitso0f hexahydrophthalic anhydride, and 196 parts of maleic
anhydride were charged and heated to 210C, and then an esterification

reacti on was G& rd €dAUlar Afti6r Jeatii NG dHed 1k Y $hALQ ParlgAfe a
styrene nononer and 0.06 parts of hydroqui none were added to obtain an

unsat ur atied 2p@l YRSHeS of 8RIdbLATROY Y ,NIYNG A enuolAlid 4, cant ent  of
60% and an
10 propanediol, 308 parts of hexahydrophthalic anhydride, and 348
parts of fumaric acid were charged and heated to 210°C, and
then an esterification reaction was carried out. After
reacting for 12 hours, 445 parts of a styrene monomer and 0.12
parts of hydroquinone were added to obtain an unsaturated
15 polyester resin composition having a nonvolatile content of
70% and an acid value of 12. To 100 parts of this unsaturated
polyester resin, 0.5 parts of Tinuvin 400 (ultraviolet
absorber, manufactured by Ciba Speciality Chemicals Inc.), 0.4
parts of Tinuvin 123 (ultraviolet absorber, manufactured by
20 Ciba Speciality Chemicals Inc.), and 0.1 parts of LA-82
(ultraviolet absorber, manufactured by ASAHI DENKA KOGYO K.K.)
were added to obtain an unsaturated polyester resin.
composition. A cured article of such a composition showed a
shrinkage stress upon cooling of 10.1 MPa and a ratio of
25 shrinkage stress upon cooling/elastic limit of 0.45. As a

result of the following weathering test, the gloss retention

was 85%, and the color difference was 13.7.



acid value of 5. A cured article of such a conposition showed a shrinkage
- stress upon cooling of 20.6 MPa and a ratio of 15 shrinkage stress upon
cooling/elastic Iimt of 0.72. As a result of the foll ow ng weat hering
test, a gloss retention (1,500 hours) was 40% and a color difference was
15. (Conparative Exanple 3) Preparati oppf unsaturated polyester 20 resin
conposition. In the sane manner as in Exanple 1, 406 parts of 2-

met hyl - 1, 3- propanedi ol , 444 parts of phthalic anhydride, and 147 parts of
mal ei ¢ anhydride were charged and heated to 210C, and then an

esterifiqaligni1Leaqt ipdRJAAS (G IBd Rat g2 tAld PoirRatldMadam 14 hours,
610.9 parts of a styrené nononmer and 0.06 parts of hydroqui none were added

to obtai paposyRydturated polyester resin conposition having a nonvolatile
31 content of 60% and an acid value of 7. As a result of the follow ng

veat hering test, ;as3iiinkage 1StIBS s HRAMLIRJd T 24O ol ke MBasyied
because a gloss retention (1,500 hours) of a cured article of such a

conposi t 10N aas 29%; 3« TR:p e@@@'gfl%)colis' NG e desdl ting dnsatiurat ed

pol yester resin  conpositions, ollomnng tests were carried out. The

resul ts %rlr%p%ﬁf@mrdlze%dm peakl e Je mamx%p%thaﬁ% I HALE 1$d e Shd RO

cool i ng> e shri'nkage ‘stress upon cool ing from70C to 20C was neasured

by the nethed desefihad aﬁ%\gﬁdﬂ%éﬁg@t&e JHESidbd GRIPAddens of2 tdre: Exanpl es
and the npar ative Exa <Weat hering test using a Sunshine

weat her O_’E%toerthe(nl)arpre%dd'git ionafi deste Mt I Fach ofed heid eshltter
conpositions to be used was prepared by adding 1.0% of 55% net hyl ethyl

ket one p%%%%ﬂ¥%§”¥$flﬂﬁéﬁguf§@ 486 parts of a styrene monomer and 0.11

10 parts of hydroquinone were added to obtain an unsaturated
polyester resin composition having a nonvolatile content of
68% and an acid value of 14. A cured article of such a
composition showed a shrinkage stress upon cooling of 7.4 MPa
and a ratio of shrinkage stress upon cooling/elastic limit of

15 0.31. As a result of the following weathering test, the gloss

retention was 78%, and the color difference was 11.4.

(Example 7) Preparation of unsaturated polyester resin
composition.

20 In a similar 2-liter four-necked flask to that of Example
1, 458 parts of neopentyl glycol, 84 parts of 1,3-propanediol,
462 parts of hexahydrophthalic anhydride, and 232 parts of
fumaric acid were charged and heated to 210°C, and then an
esterification reaction was carried out. After reacting for

25 14 hours, 522 parts of a styrene monomer and 0.12 parts of
hydroquihone were added to obtain an unsaturated polyester

resin composition having a nonvolatile content of 68% and an



cobalt naphthenate to each of the unsaturated polyester resin conpositions
. obtained in the Exanples and the Conparative Exanples, followed by stirring
and degassing. A releasant 20 (Frekote FRP, manufactured by F-REKOTE Inc.)
was applied to a glass plate, and a spacer for controlling the thickness
was placed thereon. The resin conposit2en was poured onto the glass
plate, allowed to stand at a normal tenperature for 24 hours and then

cured at J20C o 20 mMnut @s cu@e@bbdici caeCagt sdoht estopbaisethawi ng a
t hi ckness of about 3 mMmm (2) Weathering test Wathering test pieces having

a size Ofsnidama A AR é"t%@sé‘fﬂ%nbk&&&titﬂvgggaﬂ he, 1 esta plrad & ohiwidied by
Met hod (1). Using a Sunshi ne weat heroneter (VEL-SUN- HCH- B type,

manuf act WedHy mided TaSe d NIFRMNS 3 selad e Bimiaceel®/s8 edas a

weat hering test was carried out. 5 Test conditions: Tenperature: 6330C

Cycle: raidfigld Sorcdd M NMdesn@ule Hind2thdntules thld Progds O hotisn Wt h

respect to test pieces wherein drastic |owering of 10 gl oss was recognized

by vi gual, pbseryvatd on @Veryo 250 fotfSrenddiaid£sts was stopped. (3)
Eval uati on of weathering resistance The gl oss and col or difference of each

test piece after the test were neasured. A gloss neter "Mdel GW6ED, 15
manuf act ured by MJRAKAM COLOR RESEARCH LABORATORY" was used as the

measuri ng( ey Cre ghhep PBESEE £ 1\6h ahgl @n y@su B ed TSy 0S8 F@&ipti on was
determ ned by the fornula "(specular gloss after test/specular gloss
before testdpdsiOdn, The color difference was neasured with a projecting
| pe
PE In a 2-liter four-necked flask equipped with a
10 thermometer, a stirrer, an inert gas introducing inlet, and a
reflux condenser, 458 parts of neopentyl glycol, 99 parts of
2-methyl-~1, 3-propanediol, 308 parts of hexahydrophthalic
anhydride, and 348 parts of fumaric acid were charged and
heated to 210°C. After reacting for 14 hours, 503 parts of a
15 styrene monomer, and 0.1l parts of hydroquinone were added to
obtain an unsaturated polyester resin composition having a
nonvolatile content of 68% and an acid value of 12. A cured
article of such a composition showed a shrinkage stress upon
cooling of 11.7 MPa and a ratio of shrinkage stress upon
20 cooling/elastic limit of 0.55. As a result of the following

weathering test, the gloss retention was 67%, and the color

difference was 14.5.

(Example 9) Preparation of unsaturated polyester resin
25 composition.
In a similar 2-liter four-necked flask to that of Example

1, 278 parts of neopentyl glycol, 90 parts of 2-methyl-1,3-



20 (specinmen support) of 300, using a Z1001DP manufactured by N PPON

- DENSHOKU CO., LTD., and a Z2\E val ue was used as the "value of the col or
difference". The larger the value, the nore severe is the degree of

yel | owi ng. <Measurenment of elastic |imt> 25 The elastic |imt of the resin
conpositions of the Exanples and the Cosrparati ve Exanpl es was neasured by
the neasuring nethod described above. 33 0 a~~a,1~" NNinLoLU Qa rl I1IIlLn

11 110m | Mopn@dtird1n61 14 i r@ NP Lins sdHaN=r1Gee eldienr Uiyt J¥ 1ddipilO
IMId Il-nmocoM
acid, 103 parts of hexahydrophthalic anhydride, and 197 parts
of fumaric acid were charged and heated to 210°C, and then an
esterification reaction was carried out. After reacting for
5 12 hours, 279 parts of a styrene monomer and 0.05 parts of
hydrogquinone were added to obtain an unsaturated polyester
resin composition having a nonvolatile content of 70% and an
aqid value of 12. A cured article of such a composition
showed a shrinkage stress upon cooling of 6 MPa and a ratio of
10 shrinkage stress upon cooling/elastic limit of 0.25. As a

result of the following weathering test, the gloss retention

was 66%, and the color difference was 13.7.

(Comparative Example 1) Preparation of unsaturated polyester

15 resin composition.

In the same manner as in Example 1, 416 parts of
neopentyl glycol, 152 parts of 1,2-propylene glycol, 332 parts
of isophthalic acid, and 464 parts of fumaric acid were
charged and heated to 210°C, and then an esterification

20 reaction was carried out. After reacting for 14 hours, 939
parts of a styrene monomer and 0.12 parts of hydroquinone were
added to obtain an unsaturated polyester resin composition
having a nonvolatile content of 55% and an acid value of 5. A
cured article of such a composition showed a shrinkage stress

25 upon cooling of 29.6 MPa and a ratio of shrinkage stress upon
cooling/elastic limit of 1.31. As a result of the following

weathering test, a gloss retention (1,500 hours) was 60%, and
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a color difference was 20.4.

(Comparative Example 2) Preparation of unsaturated polyester
resin composition.

In the same manner as in Example 1, 208 parts of
neopentyl glycol, 76 parts of 1,2-propylene glycol, 154 parts
of hexahydrophthalic anhydride, and 196 parts of maleic
anhydride were charged and heated to 210°C, and then an
esterification reaction was carried out. After reacting for
14 hours, 410 parts of a styrene monomer and 0.06 parts of
hydroquinone were added to obtain an unsaturated polyester
resin composition having a nonvolatile content of 60% and an
acid value of 5. A cured article of such a composition showed
a shrinkage stress upon cooling of 20.6 MPa and a ratio of
shrinkage stress upon cooling/elastic limit of 0.72. As a
result of the following weathering test, a gloss retention

{1,500 hours) was 40%, and a color difference was 15.

(Comparative Example 3) Preparation of unsaturated polyester

resin composition.

In the same manner as in Example 1, 406 parts of 2-
methyl-1,3-propanediol, 444 parts of phthalic anhydride, and
147 parts of maleic anhydride were charged and heated to
210°C, and then an esterification reaction was carried out.
After reacting for 14 hours, 610.9 parts of a styrene monomer
and 0.06 parts of hydroquinone were added to obtain an

unsaturated polyester resin composition having a nonvolatile
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content of 60% and an acid value of 7. As a result of the
following weathering test, a shrinkage stress upon cooling
could not be measured because a gloss retention (1,500 hours)
of a cured article of such a composition was 29%.
5 (Test Examples)
Using the resulting unsaturated polyester resin
compositions, the following tests were carried out. The
results are summarized in Table 1 and Table 2.
<Shrinkage stress upon cooling>
10 The shrinkage stress upon cooling from 70°C to 20°C was
measured by the method described above using the resin
compositions of the Examples and the Comparative Examples.
<Weathering test using a Sunshine weatherometer.
(1) Production of test plate
15 Each of the resin compositions to be used was prepared by
adding 1.0% of 55% methyl ethyl ketone peroxide and 0.1% of 6%
cobalt naphthenate to each of the unsaturated polyester resin
compositions obtained in the Examples and the Comparative
Examples, followed by stirring and degassing. A releasant
20 (Frekote FRP, manufactured by F-REKOTE Inc.) was applied to a
glass plate, and a spacer for controlling the thickness was
placed thereon. The resin composition was poured onto the
glass plate, allowed to stand at a normal temperature for 24
hours and then cured at 120°C for 120 minutes to obtain a cast
25 test plate having a thickness of about 3 mm.

(2) Weathering test

Weathering test pieces having a size of 75 mm x 70 mm
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Using a Sunshine weatherometer (WEL-SUN-HCH-B type,
manufactured by SUGA TEST INSTRUMENTS CO., LTD.), an
accelerated weathering test was carried out.
5 Test conditions:
Temperature: 63+3°C
Cycle: rainfall for 18 minutes out of 120 minutes
Time: 2,000 hours
With respect to test pieces wherein drastic lowering of
10 gloss was recognized by visual observation every 250 hours,
the test was stopped.
(3) Evaluation of weathering resistance
The gloss and.color difference of each test piece after
the test were measured. A gloss meter “Model GM26D,
15 manufactured by MURAKAMI COLOR RESEARCH LABORATORY” was used
as the measuring device. The measuring angle was 60°. The
gloss retention was determined by the formula “(specular gloss

after test/specular gloss before test) x 100”.

The color difference was measured with a projecting pipe
20 (specimen support) of 30@, using a Z1001DP manufactured by
NIPPON DENSHOKU CO., LTD., and a AE value was used as the
“value of the color difference”. The larger the value, thé
more severe 1s the degree of yellowing.
<Measurement of elastic limit>
25 The elastic limit of the resin compositions of the
Examples and the Comparative Examples was measured by the

measuring method described above.
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(Production of fiber reinforced plastic molded article)
To confirm the weathering resistance of the FRP molded
article comprising a surface layer made of the unsaturated
polyester resin composition of the present invention, a gel
5 coating laminated plate was made by the following method.
First, a releasant (Bonrease, manufactured by KOSHIN
CHEMICAL CO., LTD.) was applied to the glass plate, and then
1.0% of 55% methyl ethyl ketone peroxide and 5 parts of 0.6%
cobalt naphthenate were added to 100 parts of each of the
10 resin compositions of the Examples and the Comparative
Examples, followed by stirring. The mixture was spray-coated
on the glass plate, allowed to stand at a normal temperature
for one hour and further cured at 60°C for 30 minutes. Using
a glass chop strand mat (weight: 450 g/mz, (M)), a glass
15 roving cloth (570 g/mz, (RY), and a resin for lamination
(unsaturated polyester resin manufactured by DAINIPPON INK &
CHEMICALS, INC., trade name POLYLITE FH-286), glass fiber
reinforcers (M) + (R) + (M) were laminated and molded at one
time so as to be laid one upon another at the L-shaped corner
20 portion. As the resin for lamination, 2 parts of 0.6% cobalt
naphthenate and 1.0 part of 55% methyl ethyl ketone peroxide
were used. The resulting laminate was allowed to stand at a

normal temperature for 18 hours, and an FRP molded article was

peeled off from the glass plate to obtain a test plate.
25 Weathering test pieces having a size of 50 mm x 70 mm were

made by cutting the test plate. In the same manner as

described above, a Sunshine weatherometer (WEL-SUN-HCH-B type,



r-1>rQ OHHNa) Q dJ4-1 >, arororo-P-H s4-NH 4J0>1QU, . ! ~ror 00O
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QroUo\o'ill (0 O-10W4CZI W--U1:4 UWJ 35 (Production of fiber
reinforced plastic nolded article) To confirmthe weathering resistance of
the FRP nol ded article conprising a surf@ce | ayer nade of the unsaturated
pol yester resin conposition of the present invention, a gel 5 coating

| am nat eghaph@be twasd syt e sfrolTinewruyemEtshad.. ,FiUTst.,) aaseheasann
(Bonrease, manufactured by KOSHHN CHEM CAL CO., LTD.) was applied to the

gl ass pl ahe, waRdnkheng tsQ%.0f 55% net hyl ethyl ketone peroxide and 5 parts
of 0.6% cobalt naphthenate were added to 100 parts of each of the 10 resin

conposi t irters ebnihe ibranpl es and the Conparative Exanples, followed by
stirring. The m xture was spray-coated on the glass plate, allowed to

stand at a nomERpereReiat W 3for one hour and further cured at 60C for 30
m nutes. Using a glass chop strand nat (weight: 450 g/n2, (M), a glass 15

roving cloth (5¢0ed/ m2infRL @Y 18 mEsivtdolodtanmaioomi(uysat ur at ed
pol yester resin manufactured by DAINIPPON I NK & CHEM CALS, INC., trade

name POLYLI TETh=286), 000 &asudd ber reinforcers (M + (R + (M were
| am nat ed and nol ded at one tine so as to be |aid one upon another at the

L- shaped cor nefi 20 rré%rﬁé&n At ddie fpfleé%'é”s fufe ded REtdM,c 2 PaftinPlo0. 6%
cobalt naphthenate and 0 part of 55% nethyl ethyl ketone peroxide
gloss was recognlzed by visual observation every 250 hours,
the test was stopped. The test results are shown in Table 3.
10 (3) Evaluation of weathering resistance
Evaluation was carried out by visual observation the
degree of whitening of the surface.

Evaluation:

©: no whitening
15 O: some whitening

X : whitening

Table 3
Example 1 Example 2 Comp. Example 1
Weathering
resistance © © X
INDUSTRIAL APPLICABILITY
20 The unsaturated polyester resin composition of the

present invention is capable of forming a cured article having
excellent gloss retention and yellowing resistance by
controlling the “shrinkage stress upon cooling” of the cured
article to 17 MPa or less and the ratio of the “shrinkage

25 stress upon cooling/elastic limit” to 1 or less. Moreover, it



were used. The resulting |lamnate was allowed to stand at a nornal
“tenperature for 18 hours, and an FRP nolded article was peeled off from
the glass plate to obtain a test plate. 25 Wathering test pieces having a
size of 50 Mmm x 70 mm were rmade by cutting the test plate. In the sane
manner as described above, a Sunshi ne y®eat heroneter (WEL- SUN-HCH B type,
36 manufactured by SUGA TEST | NSTRUMENTS CO., LTD.) was used in the

weat heri ng tesle. pbestiaNdid ighisiidel eRYAliNE maAEIAG 15 | mdlaiaf al | for
18 mnutes out of 120 mnutes Tine: 2,000 hours Wth respect to test

pi eces wWaergidl <Jr astiich HOWRY iNghedharllRSSs RO iARM o ivdlalous
observation every 250 hours, the test was stopped. The test results are

shown i nykall endt hl rbDr Evaltuald o e e eSS tanae Fwal wadd on was
carried out by visual observation the degree of whitening of the surface.

Eval uati @y a @p@ iWihiceimihgld i o P ARMA Xs whidening Jabl e 3
Exanpl e 1Exanple 2 p. Exanple 1 - Wathering@ @X r resistance | NDUSTRI AL
APPLI €ABldrlah%e in temperature, that is, heating and cooling. Also the
content and vaporization of the polymerizable unsaturated
monomer can be reduced by specifying the content of the
monomer.
The unsaturated polyester resin composition of the
10 present invention is suited for use in coating materials such
as coating compositions, lining materials, and gel coating
materials, and various molded articles such as FRP molding .

materials, because the cured article thereof has excellent

gloss retention and yellowing resistance.

15



20 The unsaturated polyester resin conposition of the present invention is
- capable of formng a cured article having excellent gloss retention and
yel | owi ng resi stance by controlling the "shrinkage stress upon cooling” of
the cured article to 17 MPa or less and the ratio of the "shrinkage 25
stress upon cooling/elastic limt" to 13®r |ess. Mreover, it 37 is nmade
possible to provide a coating material and a nolded article, which have a
mechani cal strength suited for vari ousLAI®s and characteristics capabl e of
preventing cracks caused by a repetitive change in stress produced as a
result of a 5 change in tenperature, that is, heating and cooling. Al so the
content and vaporization of the polynerizable unsaturated nononer can be
reduced hy speei frsi@ e &DEnie Bfert hee s IM@IMYos i runsatpyriatiedy an

pol yester resin conposition of the 10 present invention is suited for use

i n coati g sERLRERIS Gl stas cEat idigl comasind nsblld nimg ymiarddal s, and
gel coating materials, and various nolded articles such as FRP nol di ng

mat er § al sonkeeaus )t heviapeih aitd clsntiharanf daseaxagdrenioolglags getention
and yell owi ng resistance. 15 38 CLAIMS 1. An unsaturated pol yester resin

conposi t ic@it eGP IRY e rdiSatdrat ebPAy ey ) Anchtai padyniid zabl e
unsaturated 5 nononer (B), wherein the "shrinkage stress upon cooling"” of a

cured ar tselQ riikiejeeoft deis L e ol asf/ bl d atimi of #hel sshrddkage
stress upon cooling/elastic limt" is 1 or less. 2. An unsaturated
pol yester resin conposition according to 10 claim11, wherein the gl oss
retention of a cured article
2. An unsaturated polyester resin composition according to
10 claim 1, wherein the gloss retention of a cured article

thereof 1is 60% or more.

3. An unsaturated polyester resin composition according to
claim 1, wherein the gloss retention of a cured article

15 thereof is 60% or more and the color difference is 20 or less.

4. An unsaturated polyester resin composition according tc
claim 1, wherein the unsaturated polyester (A) is derived from
a dibasic acid component and a polyhydric alcohol component,
20 the dibasic acid component (1) comprises an alicyclic
saturated dibasic acid and an aliphatic unsaturated dibasic
acid, and the polyhydric alcohol component (2) comprises a
symmetric glycol (a) and at least one glycol (b) selected from
a glycol having no side chain and an asymmetric glycol having

25 a side chain.

5. An unsaturated polyester resin composition according to



thereof is 60% or nore. 3. An unsaturated polyester resin conposition
~according to claiml, wherein the gloss retention of a cured article 15
thereof is 60%or nore and the color difference is 20 or less. 4. An

unsat urated pol yester resin conposition according to claim1l, wherein the
unsat urated pol yester (A) is derived frggn a dibasic acid conponent and a
pol yhydri c al cohol conponent, 20 the dibasic acid conponent (1) conprises

an alicyehlhGyn 3at yhated ndithasia RGII¢ ard AR HPRRM ¢ompyatswAatrd td bpsi c
acid, and the polyhydric al cohol conponent (2) conprises a symetric

glycol (ab18ndratnleeast Qra i ¥eth e eli2tlad F0m ard Yol han g iro
side chain and an asymetric glycol having 25 a side chain. 5. An

unsat ur at,gd tpRl KES LMk i8S ik CAMATdd N RESY %idlgil L amP t1d fdnvhyaver ein

t he di basic acid conponent conprises 30 to 65 nol% of the alicyclic

sat ur at ed ;dijpasi %oﬂl‘inio%efi’ﬁl'%d A 6L %l)o afo tia sald Phatd G hsaturat ed

di basic acid, and the polyhydric alcohol conponent conprises 60 to 80 nol %

of the Sm;\o%torli Gnd By ANdAQ e 4 1%L the Gl el Nad nhig, si de
chain. 6.7 An unsaturated pol yester resin conposition according to claimi4,
wherein the dibasic acid conponent conprises 30 to 65 nol % of the
alicyclic saturated dibasic acid and 35 to 70 nol % 10 of the aliphatic

unsat ur ated dilhasinG A Gt ANGINR AU I ALY 1 KOMRUGH 1 (£PNGY | Ses
40 to 80 nol % of the symetric "glycol and 20 to 60 nol % of the asymetric

gl yeol having 3, $irde dbaidhe Mioks AN HISAUHSEROIAETA LA o 65

conposi tion according to claim4, wherein the dibasic acid conponent
conpri seg3Q 1@ @9 MO%0N he Al UG ] Gsatdrated dibasies add d@nh3d to
70 mol % of the aliphatic¢ unsaturated di basic acid, and the pol yhydric
10 of the aliphatic unsaturated dibasic acid, and the polyhydric
alcohol component comprises 40 to 80 mol% of the symmetric

glycol and 20 to 60 mol% of the asymmetric glycol having a

side chain.

15 7. An unsaturated polyester resin composition according to
claim 4, wherein the dibasic acid component comprises 30 to 65
mol% of the alicyclic saturated dibasic acid and 35 to 70 mol%
of the aliphatic unsaturated dibasic acid, and the polyhydric
alcohol component comprises 60 to 80 mol% of the symmetric

20 glycol, 10 to 35 mol% of the glycol having no side chain, and

5 to 10 mol% of the asymmetric glycol having a side chain.

8. An unsaturated polyester resin composition according to
claim 4, wherein the alicyclic saturated dibasic acid

25 comprises at least one selected from the group consisting of
hexahydrophthalic anhydride and an anhydride and ester

derivative thereof, the symmetric glycol is neopentyl glycol,



al cohol conponent conprises 60 to 80 nol % of the symetric 20 glycol, 10 to
+ 35 nmol % of the glycol having no side chain, and 5 to 10 nol % of the
asynmetric glycol having a side chain. 8. An unsaturated polyester resin
conposition according to claim4, wherein the alicyclic saturated dibasic
acid 25 conprises at |east one selectedsdromthe group consisting of
hexahydr opht hal i ¢ anhydri de and an anhydri de and ester derivative thereof,

the symehei g1¢kyiohakvsngeopertivle ¢huael is4Gt thkesgl yeel skawotgadrsinde
chain is at least one selected from ethylene glycol and 1, 3-propanedi ol,

and the asygmehbi g19kyaolandhayimng rapsind@iehgi RindC @M asgsurit dieasfl vena
selected fromthe group consisting of 2-butyl-2-ethyl-1, 3-propanediol,

2- met hyl having- Butasedicplai n2Riptisbsd sRutianed @ne ZFeTRidtWd ¥rdm the
propanedi ol , and 3-nethyl -1, 5-pentanediol. 9. A coating material using the

unsat ur ai;ed uROLYVRSL &% 1H@SIIT CORAS 1tH20 tofy 16113i3mpkopihel.o 1A gelmeaaatli-ng
mat eri al "usi ng the unsaturated polyester resin conposition of claim1. 11.

A fiber neiynioreeddqplast i smyded art e <eamr,i Si-aethy1ls s face |ayer
made of a cured article of the unsaturated polyester resin conposition of

C|ai”‘1-propanediol, and 3-methyl-1,5-pentanediol.

9. A coating material using the unsaturated polyester resin
composition of claim 1. |

10
10. A gel coating material using the unsaturated polyester

resin composition of claim 1.

11. A fiber reinforced plastic molded article comprising a
15 surface layer made of a cured article of the unsaturated

polyester resin composition of claim 1.



