22 FEB 2005 1 DESCRI PTI ON UNSATURATED POLYESTER RESI N COVPCSI TI ON 5
TECHNI CAL FI ELD The present invention relates to an unsaturated Qfg¥g§t@%
resin capable of form ng a cured article having excellent gloss J n
and yellowing resistance, a coating material and a gel coating material

whi ch use the sane, and a fiber 10 reinforced plastic (FRP) nolded article
using the sane on the surface. BACK ND ART Unsat ur at ed pol yester resins
are used in various FRP 15 nolded_arti # coating conpositions and gel
coating material s because of theirD%§%%f ﬁi@Nchenical, physi cal, nechani cal
and el ectrical characteristics such as their wide curing tenperature
conditions and rapid curing rate. However, conventional unsaturated

pol yester resins have drawbacks in 20 that not only is the gloss drastically
| onered, but al so y@N$EWWR@TBBcB@bYEﬁ@EReRES%@dC@éP9§5?§Oﬁor a |l ong period
because of poor weathering resistance. To solve the drawback, Japanese
Unexam ned Patent Application, First Publication No. Hei 7-157645 suggests
an unsaturated polyester resin 25 conposition derived froman acid conponent
conpgi sing an alicyclic saturatediR¢CHLarTEAD al i phatic unsaturated acid,
and an al cohol conponent selected fromaliphatic alcohol and 2 2 FEB 2005 2

alicyclic al ophol prwhbhe EhvehtRubl ireakites Neo. aeiundaaiiGiZd sughesiteran
unsat urated pol yester resin conposition derived froman acid conponent

conpri si X hiRaleigmiaRnudideq and jan umsatingtetalihasi ¢ acid and
a poIyhy%%?%ga?%%%%?BSB?oﬁggﬁén?. Alﬁhough the yell owi ng resi stance of these

unsat ur f'iﬁt;rgd BOLYPERES ohahl GRIAGH G HediS tf¥ieV @l cddteingissed Nt i on
is not impFoved:
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 rmolded 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




EP- A- 0400884 suggests an unsaturated pol yester resin conposition using

2- et hyl -1, 3-propanedi ol as an al cohol 10 conponent. U. S. Patent %g

6, 268, 464 suggests an unsaturated polyester resin conposition obt ZBE%ZWpom
30 to 70 nold of at least two dials, 0.5 to 8 nol % of 2-butyl-2-ethyl-I, 3-
propanedi ol , an aromatic carboxylic acig and other two carboxylic acids. In
these inventions, only the yellowing 15°resi stance is inproved; and the

gloss retention is poor. In these prior arts, althouygh t ] '

resi st angéicygd ienplerd@® oy wé]rﬁi rl&\?é:rrgrlr‘tb]ilr?atqﬂ‘ ncg‘%p'osl'%eﬁ ?ﬁ jo tgrh% raw

materials, gloss retention is insufficient and, thereby  .causjn chlking,
and | onesupgest st lg® @ﬂﬁﬁium&ﬂﬁQ1R?kﬂ?ﬁﬁﬂﬁxﬁ%ﬁﬁquﬂ%WRH#%91qq .fgﬁ% efore

these prior arts do not satisfy both yellow ng resistance and gl pss
retentiofirehi an aarie fampmrerdf adwe nisHTTE ST KQﬁQRQ%ﬂﬁ%lcﬂﬁﬁﬁ&é%HQﬁj on of
the rel ease of a styrene nononmer into the atnosphere has recently becone
nore striagd an wnewtafrat®ednidraninertald problaemsl whshsforael ¢t ns whi ch
experience | ow styrene vaporization and have a | ow styrene content have

been 5 r eguinpeterdS aarehbagdhother gealongnan resistanaeedfpsheester 2 2 FEB
?005 3 resin which experiences | ow styrene vaporization and has a | ow

Styrene coaLeta AL Ser ol difsivacane Lonimmtovas iha CPO

unsat urated pol yester having a | ow nol ecular weight and a nmethod of addi ng

par af fin wax qar. egﬂﬁMb s ACCOr digha-4ed hese net hods, the weat hering
resi stance c§n£§ e g%?#sfied,%%%hough t he vapori zation anmount and

content of ttﬁep_s;)}yd g@%i%ﬁaﬁ&grg%%%@ Ig}pj}e@gtég tdeipresent

invention is to provide an resi'n conmposition wherein

both th I ., 10 ' I | ' ' her i
Lost havE BT VT bust % Lo Tt 2t U A6t el e T Tl v

_ matertal” using the sane, and a nol ded
aﬁtlf © Eﬁ§¥5¥§én€? SSEQ§U%%t%%t|N%ENEk9%8,464 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



15 To solve the problens descri bed above, the present inventors have nade
i ntensive studi es about unsaturated polyester resin conpositions&ﬂﬁﬁ&ﬂmﬁd
that an unsaturated polyester resin conposition which has excellent gl oss
retention and yellowi ng resistance (e.g., a gloss retention of 20 60% or
nore and a color difference of 20 or Ie§s) and which also has a snal
content of a polynerizable unsaturated- nononmer can be obtai ned when an
unsaturated pol yester resin conposition is prepared such that,_the

"shri nkagessor @gécbpéﬁpeéé@ﬂcﬁ@" Yoy prYWERe FRRYEE PR T 49D b Phe
"shrinkage 25 stress upon cooling/elastic limt" is 1 or less in a cured

article stythneunsatenated peithest of resiusicenpgds 1o sHerFOMHe t enperat ure
is reduced from70' C to 200C. Thus, the 2 2 F eb 2005 4 present invention

has beenusonpl et e#D Theapneseartd ipolgmster graovines drowinkakefet@d pol yest er
resin conposition conprising an unsaturated polyester (A) and a

pol yner i zabbRrURsAL W ale@thomRATRIA|iB)y paherfim tvex Sreshknowage stress upon
cooling"” of "a cured article thereof is 17 MPa or less and the ratio of

_shr is”_kaﬂécéFEi‘i%g YROR h &R0 Nl Rl AStiite hidHdHednd wisiesencdheapnesent
invention also provides a coating material and a gel coating material

whi ch usgt at | % LOMOS 1 dhAht aaed acdRtéhbest
el nf or o8 E?’éﬁ???t% Sgﬁhgﬂ?hgl%eﬁ S NEE TR AR e OUT THE T NVENTI ON

Prior to ﬁed§E‘Héﬁ%‘%ﬁﬁ?ﬁé%‘éﬁh‘gqt JUssent i nvention, definitions of
I

t he techﬁlca erins use erein w e 15 descri bed bel ow. Shrinkage stress

i h hni " ' . R d h .
o ors to o & CHIRE Gy ol B e S e o a8 e an

produce en a cured article of an
unsat urat ed _polyester resin conposition is..coo iR 2RAE qaBdsis
measur eduﬁﬁagﬁé%f%(ﬂqe&ﬂl%es asuri 1y ¢ n%%%sdl.&&gdw}f’é%qg% 9+vss
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 INVENTICN

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




<Measuring nmethod> (i) To the unsaturated polyester resin conposition of the
25 present invention, 1.0% of 55% nethyl ethyl ketone peroxide (qufgygms
agent) and 0.1% of 6% cobalt naphthenate (curing accelerator) are added,
followed by stirring. Then, the 2 2 F E 0 2005 5 mxture is adjusted with
t-butyl catechol so that a gel tinme as jreasured in accordance with a JIS
K6901 gelation tinme at a nornal tenperéture of 25C (A nethod) is 30

m nutes. The degassed resin caonposition is applied to a glass plate so that
5 the reBgesERd fiNYHaC™ i sFQngﬁ%F and the top surface is
covered with a 150 pm pol yethyl ene terephthalate film After standing at
room t enper at Jine frore SERthotreentalon RERl ¥desn 3% WRRRLUYFT§D TRR{ YR ETES
having a size of 70 nmx 10 mmx 0.3 mmare 10 nmade fromthe resulting
cured filrmsiTheqgipssi transtenpni s ienpor atngetymiedfreheesest phbcands
measured by a transition tenperature neasuring apparatus ("DVS600",

manuf act ur @d lyne 1Sed Kol ¢ nst sammerd tsed meonjoméii (B) Thvlseredn tpecinmen is fixed
to a tensile testing nmachine 15 ("Tensilon RTM 100PL", nanufactured by

ORI ENJEC* sBainKddhk )strdhe tesmpesadlimgt nof 4 hennest att tctbanberepf ovéded
wth a test piece fixing portion is set to a tenperature which is 10C

hi gher thanmig ofr thesd estd pigseraisl dhesesinphgeest sessmiapdai ned at the
setting tenperature for 10 mnutes. 20 (iv) Since the test piece elongates,

the test pjacgdsfixete poaierafiel dpcieasi noHdgdangith aivédeisanpl e
only by the |ength corresponding to the el ongation. Wile reducing the

tenper at yne | g%gag}%%@ﬁwﬁé%ﬁ CRADE! 2 CORLA! A1 991 L 862t €84 mALEESadl A

cooling rate e elonhgation is 25 converted into a value per unit

area (€. ¢p;h Mie e ﬁ%g%ﬁﬁfg€§dqg&%f§§6%??réé{ﬁséoﬁﬁogggibﬂ tBEd a

t hernostatic chanber and e stres is taken as the "shrinkage 22
FEB 2005

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>
(1} 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



6 stress upon cooling". Elastic limt The technical term"elastic [imt"
used herein nmeans an 5 elastic limt neasured by the foll ow ng nepngBQ@s
met hod. <Measuring nethod> (i) A cured fil mobtained by the very sane
nmethod as in the case of (i) in the previous neasurenent of the "shrinkage
stress upon cooling” is further cured bys allowing to stand in 10 a
thernostatic chanber at 60C for 30 m nutes. (ii) Test pieces having a size

of 70 mmx 10 nmx 0.3 nmare , made fromthe resujting cured fi (i)

Thi s tesfigsediemds iddisi&s to &P t%‘r%‘i‘fiiélt%ﬁ?ﬁ?ﬂr&%?%at(aﬂ%ﬂ%’ﬁe

RTM 100PL", manufactured by ORI ENTEC Co., Ltd.I%] and 15 neasured at a normal
t enper at @ce NEZFOX et I ASAIGHPIGE Y IFh 2 il $Hi5e%0h IRt 1R i alMet Ahe of the
stress-strain curve, the nmaxinmumstress in the linear region is determ ned,
and the neemiaturhespast e (kb &8 thenetdhedt i ks | 3¢ininutpe. vallte of the
ratio of the "shrinkage stress upon 20 cooling/elastic limt" is obtained
by di vi didegyatsizeds alase rofconpues I'sion nkagepst fedstuppngbass i pgatbysehehgal ue
of the "elastic limt". Aoss retention 25 The technical term "gl oss
retemnd i onheusesbuliariei fMeanshaglosthicteands ont of . & @nO0@rdtouheweapheri ng
test nmeasured by the follow ng neasuring nethod. 2 2 FEB 2005 7 <Measuri ng

met hod> (siy)r FEQ-d hes unsad redteitk ol YESD glim 1961 e €loypose t tonepht D& ate 55%
nmet hyl ethyl ketone peroxide and 0.1% of 6% cobalt naphthenate are added,

fol I onwed St i ARG aRANIRHASSItNGFoom eSSt rGOMRASIAd Qbuss paured onto a
seal ed gl ass plate having a spacer for controlling the thickness to 3 mm
which i .64 ed 4ty and&d easant, allowed to stand at a nor nal

(ii) Test pieces having a size of 70 mm x 10 mm x 0.3 mm 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 ("DMS600”, 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 wvalue 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



tenperature for 24 hours and then cured at 120C for 120 mnutes to obtain a
cast plate having a thickness of about 3 10 mm (ii) Weathering Eggbéﬁ'eces
having a size of 75 nmx 70 mmare nmade fromthe cast plate t hud YrRed.
Usi ng a Sunshine weatheroneter based on |ISO standards (1SO 4892-4: 1994, a
test nethod in accordance with an open |l anme carbon arc |anp), 15 these
test specinens are subjected to an accelerated weathering test for 2,000
hours. (iii) The specul ar. gl oss of the surface (test surface) of the test

pi eces t 88FBFSatPen ?P@éé“%ours is measured at an incidence angle of 60
degrees by a nethod based on JI'S zZ8741 20 1997 (1SO 2813: 1994), and the
gloss retention is determned by the follow ng equation based on the val ue
of the specular gloss. G oss retention (% = (specular gloss after

t est / spetlkaticglass tbefore test) x 100. 25 Color difference 2 2 F E B 2005
8 The technical term"color difference" used herein is represented by
"OE*ab" usi n@hehe eiahdiicatli dremet holh Pries crinbidd’ YsEd I FBBOT9TYS 3 \nd
represents the degree of yellowing of a 2,000-hour weathering test neasured
by the felkewirg lietitothe & utdahsy i tige nibs Hogei n(d madsi gl ndhaneined ¢ est

speci men having a thickness of 3 mMmas that used in the neasurenent of the
gl oss rekerEsAR iing W hcatcel erated weat hering test, a nmeasurenent was
carried out. The object color of the surface of the test piece was neasured

10 by t he inetrhed g saribesht i kS K 72d%e arslh ¢ heatie ahethodli 4§ eienitied
according to the L*a*b* colorinmetric systemis calculated by the foll ow ng
equati onglefe” ¥ i) (AL"ohe& prdBdls dndadlidnehy 142 thguashoinkage

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.
(iii) 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 coocling/elastic 1limit” 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
glcss retention of a 2,000-hour weathering test measured by

the following measuring methed.



(i1) AE*ab denotes a color difference due to the L*a*b* 15 colorinetric
system prescribed in JI'S Z8279, AL* denotes a difference in the CEE é%@g
bri ght ness L* between two object colors, and La* and Lsb* eachl d&kBt a
di fference of color coordinates, in the L*a*b* colorinetric system (iii)
Since the test piece is transparent, thg measurenent is 20 carried out in a
state where the surface opposite the neasuring surface is provided with a
white plate which cannot _transmt light. Since the color difference |argely
depends 6HeagR&EING AEERCSness in this measurement, it is necessary to
correct the filmthickness by LAMBERT's rule for the.ggse of %éﬁc aring
With a tdst BPesBehavisasud atiic IRRays SSter SSHan COMRARE TR milyner Fhe LE

val ue, the nore severe the discoloration, such as yellowing..2 2 F E B 2005
9 The un$atumatbdlpeltyedt setone psed¥idg redhledéntd G &t i s derived
froma di basic acid conponent and a polyhydric al cohol conponent. As the

pr ef er r edaghbasna taciad &5 acsgsondinl oWed &y Atilgydne awt {84 didbasi ¢ aci d
and an aliphatic unsaturated dibasic acid are used in conbination. As the

pol yhydr irgealreshel coampeenanion 2)s mowyarhenTtic alsgedied (BasmdP kit e east one
glycol (b) selected froma glycol having no side chain and an asymetric

gl ycol hawhnega =Sisie cehaifiomren thib Lsied i trhec drihii alatd om. t ®r@frany egh extanpl es
of the alicyclic saturated dibasic acid include hexahydrophthalic

anhydri dgs hesalanopi halic ek, laOraynd awexarsd car xybitahei d, 1, 3
cycl ohexanedi car boxyl i c acid, nethyl hexahydrophthalic acid, 15 Het acid,

and 1, 1- quelpiuianedi G boxHder acist fhas ecuaimourts0 heyfde Ls@d al one or
in conbination. Preferred exanples of the aliphatic unsaturated dibasic

aci d Useﬁif‘iin%tte@e JY €A A Ny e 4101 ded Usker {rdy Ya Witsiad ki@ €do £ dadbast c3 aci d,
for exanple, a, B -unsaturated dibasic acid or 20 di hydronuconi c acid, such
as nFéei%mﬂcid, mal efi ¢ anhydri de,

(ii) 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 28741—‘
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



fumaric acid, itaconic acid, citraconic acid, or aconitic acid. These
conpounds nmay be used alone or in conbination. Anpbng these conp ESE 0
mal ei ¢ acid, naleic anhydride and fumaric acid are particularlyog @Jpéd.
25 In addition to the dibasic acid conponent described above, an aliphatic
saturated dibasic acid, an aromatic saturated dibasic acid, and ot her

di basic acids may be used in 2 2 F E 8 20051 10 conbination in the anpunt

of 20 nol % based on,the total anpunt _ of. cid as {ong as the
effects of th@hﬁré§8HPlQ%%uﬁﬁ$%nc§ﬁ ﬁuélﬁigiﬁhéﬁL Ega#ﬁggfiﬁ the
aliphatic saturated dibasic acid include oxalic acid, . .nmalqni | 5
succi ni cCECRERASNABAPPY A& #P sébHdi% tl%’ci A1CAN A I%ecﬁl}fd Oprg;ﬁelcj é}ﬁkged aci d,
pinelic acid, suberic acid, and dodecanoic di aci d. %égﬂples onﬁéhe

ar omat i ciBafibal8d38rBadT A TeRARES t HHHaIF9 Lty i PEIFht a9 ¢
acid, terephthalic acid, 10 trinellitic acid, and pyronellitic acid. These
conpoundg, fii9-hberuved talaoraortdst amamuad &y e thl elsent™e tion, it
is preferable that aromatic acid conmponents such as aromatic nonobasic

aci d,5 ar eMatsarsagunattécbdtt basi ¢ acid and an anhydride thereof are not used
in conmbination, but may be used 15 in conbination as |ong as the desired

col or di fifer eBcegof ehes amveeatdrey i sppaigwdrsthacionofa tHel prresentof ny MR i dh i s
satisfied. Wen using aromatic acid conponents in conbination, the

vi scosi t yhat tked €3 nrie nuaferamnt refludes dlosonenémgiam ial thphatic

di basic acid, such as adipic acid. 20 The pol yhydric al cohol conponent (2)
used in theepPeestrld WaMa T Y | et ef £rmmdd yu ratenofwas conbr hedl i out of a
symmetric glycol (a) selected froman aliphatic glycol, and an alicyclic

gl ycol andeabpleast neglycoind Buselestet fhomasyglyrete havingasorside

chain and an asymmetric glycol having a side 25 chain.

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 egquation:

AE*ab = [(8L*)2 + (pa*)? + ({(ob*)?)Y? ..« Equation 2
(1ii) AE*ab denotes a color difference due to the L*a*b*

15 colorimetric system prescribed in JIS 28279, AL* denotes a
difference in the CIE 1976 brightness 1L* between two object
cclors, and s8a* 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.




Exanpl es of the symetric glycol (a) used in the present invention include
neopentyl glycol, hydrogenated bisphenol A 2 2 FEB 2005 11 hydrogenated
bi sphenol F, 2, 2-diethyl-1, 3-propanediol, 1,4- cyclohexane di met {ahfER 2806d
1, 4-cycl ohexanedi ol . Anbng these conpounds, neopentyl glycol is preferred.
Preferred exanples of the glycol havinggno side chain (b) 5 include those
havi ng a hydroxyl group at both term nal’'s, wherein the nunber of carbon
atons of the straight-chain portionis 2 or nore. More preferred exanpl es
t hereof include straight-chain glycols having a hydroxyl group at both
termnals, wherein the nunber of carbon atons o jgggéftrai ht-. 10 chain

portion is fr@he3unsateradfch el ¥ashAtend gl SAIETEH yeol

triethylene glycol, tetraethylene glycol, 1,3-propylene glycol, dipropylene
gl ycol , 1n4eb¢|ti@nedisold,em;\&g/rfe?ﬂﬂarﬁedild?aﬁllc, @%%%?n%l a?"CLeapt anedi ol ,

1, 8-octanediol, 1,9-nonanediol, and 1,10-decanediol. 15 The asymetric

gl ycol (pplihypraferdiohed glopgminanti chAshabeapgeifesipsl ddhasd hafildy an odd
nunmber of carbon atoms and one short-chain alkyl group as a side chain or
two dj ff epgpbnesitortl-)Ghaim sl dkytc giro sk utdtedy| didwd s duei an & ayabl & of
reducing the viscosity of the resin, and exanples thereof include 2 20

but yl - 2- gt hyphak i3 Rirepaneditld Ervediyladid-dus anesti din Gmietrgtion.

1, 4-butanediol, 2-nethyl- 1, 3-propanediol, 3-nethyl- 1,5- pentanediol, and
3-nmet hyl 21, snReplAanadidtic drcadst tédipdredtheabove patydiydrd cg By cohol

conponent, othér pol'yhydric al cohol conponents can be used in conbination

25 as loqgf)a%nt&"eateflf@égé e tyEy QS ESENT SV SONS B8 N0FL PRI heding
Exanpl es of the pol yhydric al cohol conponent (2) which can be used in

combi nat j,an Jingl yde, A1 AL 24 findrs @ AL FER 200514Q a a3k egiee Dxi dee such

as et hyl ene oxide, propylene oxide or
10 used in combination.

Preferred examples of the alicyclic saturated dibasic
acid include hexahydrophthalic anhydride, hexahydrophthalic
acid, 1,4-cyclchexanedicarboxylic acid, 1,3-
cyclochexanedicarboxylic acid, methylhexahydrophthalic acid,

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

Preferred examples of the aliphatic unsaturated dibasic
acid used in the present invention include R, y-unsaturated
dibasic acid, for example, «,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 dibasié acid component described
above, an aliphatic saturated dibasic acid, an aromatic

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




butyl ene oxi de of hydrogenated bisphenol A; a dihydric al cohol §$ih ﬁ%
et hyl ene glycol carbonate; a trihydric alcohol such as glycerin /3 B 200
trimethyl ol propane; and a tetrahydric alcohol such 5 as pent aerythritol.
The amount of these polyhydric alcohol conponents is preferably 10 nol % or
| ess based on the total anpunt of the ﬁ@lyhydric al cohol. To obtain a

resin conposition having excellent yelTOwW ng resistance, aromatic gl ycol
conmpounds whi ch can cause yell owi ng,_that is, ,aronptic .10 I nds
capabl e ‘é@mbbﬁﬁf—h@nalé‘hrt@ﬁoﬁﬁwtbg’f oﬁ'lﬂ%a&ais , Oa{hat]hée 34%% ﬁaw ng an
et her group such as an ether bond wherein the deterioration reacti,on is
liabl e tof pheceedddgempenantadisatioow it Hhe GRLee OF it 15 Hbt  used.
is When using a glycol having an odd nunber of carbon atons (e.g.,

1, 3- pr opanednolipn 2reetriol -im@Higrashban8diagple2- Bt ghepaliphatic

et hyl -1, 3-propanedi ol ,etc.) as the asymmetric glycol (b), the resin

Vi scosi t yatanahedr edieed carut itche redntdemtoxsf1 e C isbl 97l & idinsat ur at ed
nononer can be reduced, and at the 20 sane tinme, the viscosity of the
resulg i ngueempesi ticar,caniiis c redirededacht ookid tazeiaet a@rdoxyl group of
the unsaturated polyester (A), a nonohydric alcohol such as benzyl

al cohol , o2nc 8t hexd, ilohal adtety!sulsd cohadcidindeey|doadcanols | auryl
25 al cohol, tridecyl alcohol, or stearyl alcohol can be used, for

exanpl e. yJThejynsaturated pol yester (A) used in the present 22 FEB 2005 13
invention I's obtained by a condensation reaction by a known nethod of the

di basic acid g9 et Jd)e 1 and; £ 5hes ok Yoyeh i £t el SD0DS 1 € osapoaenhc (@dewhi ch

are descri bed above as preferred exanples. The nolar ratio of the dibasic

?Ci d conpaognh (Do 14, Pelaflyciid £18l so10) corapneni1{@)atsapreferably
1/1(2) . o 1l. 5.

10 trimellitic acid, and pyromellitic acid. These compounds may
be used alone or in combination. In the present inventiocn, 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

1% in combination as long as the desired color difference of the
weathering resistance cof 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,



Formul ati on exanples of the preferred unsaturated polyester (A) used in the
present invention include the follow ng Formul ati on Exanples. 10

Forrmul ati on Exanple 1 Di basic acid conponent (1): comnposed of 30 2 HFEB 0B o
of an alicyclic saturated dibasic acid, and 35 to 70 nol % of an aliphatic
unsaturated di basic acid. 15 Pol yhydric,al cohol conponent (2): conposed of
60 to 80 nol%of a symmetric glycol (a), and 20 to 40 nol % of a gl ycol

havi ng npo side chai gp). For mul_at i Examl.s _ 21ﬂ¥éﬁgﬂ a¢i d cofponent
(1): conBBQEBQSPE@G%I 1@@%0&3@ 2;% Eﬁe@?ﬁ (Zzl'sg ur ecFCddllacﬁa'si d acid, and
35 to 70 mol.% of an aliphatic unsaturated dibasic acid. Ral g;y i.¢.al cohol
conmponenEYE2phexgnsoségiesian®lio %nﬁ%%YQﬁoﬁfﬁﬂﬂﬁé;Q%b §$§% Iq®§%F and 20
to 60 nol % of an 25 asymetric glycol having a %jde chain (b). Fornmulation
Exanpl e 8ORROREES200% P& Nt b £54%C Ui iF (1): conposed of 30 to 65
nmol % of an alicyclic saturated dibasic acid, and 35 to 70 ol % of a
al i phati ¢ uns&refstetdidramdexiaf P YAk ha CohbI N chigdhertain) ()
conposed of 60 to 80 5 nol % of a symetric glycol (a), and 10 to 35 nol % of
a gl ycol inkavideg thoss dewimgy ra dndSoxyl 10 anp dtofbeth dsafe?ral € gl ycol
having a side chain (b). The unsaturated polyester (A) used in the present
10 i nvenyherelinc tide hiuabamsat waattech potf grestel @or y4 ol obt atedn by
reacting a nolecular term nal carboxyl group with an unsaturated epoxy
conmpoundpgieh oas i@ YCidly Imetder Motet haefdraicel ektarplles ithelnedds inalusiehane
bond- contai ning polyester acrylate obtained by reacting a nol ecul ar
term nal si5NWHOOHa O QDY o1 redy LG ad Ui pd ek gD ngpominsl draviborgh an

terminals, wherein the number of carbon atoms of the straight-

10 chain portion is 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~
pentanediol, 1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol,

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-1,4-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 alcohel component (2}

which can be used in combination include an adduct with an



i socyanate group and an unsaturated group, and an unsaturated polyester
acryl ate obtained by reacting a nolecular term nal hydroxyl gro%pzﬂth an
unsat urat ed nonobasic acid or an acid anhydride thereof. 20 The B 2005
pol ymeri zabl e unsaturated nononer (B) used in the present invention is
preferably a styrene nononer and/or an..,acrylic nononer; if necessary, the
ot her unsaturated nononer having one Of nore polynerizable double bonds in

one nol ecule can be conbi ned. Exa es of the styr n riol NGl ude 25
styrene,abkh%@%?l§¥y¢%ne?u%bn@?hﬁFggéFBHe?xf-But§¥8§§ﬁgﬁg,%qgﬁﬁ;P?oluene,

di vi nyl benzene, chlorostyrene, and dichlorostyrene.  These.co may
be used oykene miQe20%5133@9956119t@énﬁ#ﬁﬁbf’-aﬁx &rr&lg’é’dé‘flct %@2‘?’% ic

nononer and (neth)acrylic nonomer include nethacrylic acid and esters

t her eof , ssaichaasetbyhghe giyhadr geabenasehyp FELRYSFMCad SOt UCn 8%

met hacryl ate, isobutyl 5 nethacrylate, 2-ethylhexyl  methacrylate,
lauryl nglpeeryhate, trpmephl lodphapeyleat endi sopesppnvidddragicied, such

2- hydr oxyet hyl nmet hacryl ate, 2-hydroxypropyl nethacrylate,

3- hydr oxygr eyt aeryehbacoyl. atBhe syoliohesy| theeehnetyhsdsic pI6R6PRyI

met hacryl at e, di cycl opent enyl oxyet hyl nethacrylate, t-butylcyclohexyl
10 net ha@éﬁ]ﬁbﬁbﬁts 0k prtlacaplivc ldcind] jaoryllies sadiad eghdredid £ otder eof
such as nethyl acrylate, ethyl acrylate, butyl acrylate, propyl acrylate,

i sopr opyhkmaGhy! ke thd- pbiyhiedpilc alawhdlat eTo bhteyh aacegphiate,
2- hydroxyethyl acrylate, cyclohexyl acrylate, isobornyl acrylate

di cycl opeaﬁgagmm A%k i nd5 ed@al 1t yelluiniiney dechiestdnceacras eias ic or

acrylic aci and (neth)acrylam de, nethoxydiethylene glycol

(et h) acg%w@ibq, confRiResy Lelilaetdur enfisedlyaalowimf h)deaty| o g, aromat ic
met hoxypol yet hyl ene gl ycol (neth)acrylate, (et h) acryl oyl oxyet hyl

hydriqgenghthah at@m 348 s RHWAW Yo OV SPRAPRY Ich fusgenp b hal at e, B-
(neﬁﬁ?acgy&oyloxyefﬁyﬁ hydrogensucci nat e, =~ nonyl phenoxyet hyl
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 i
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 alcochol, 2-
ethylhexyl alcohol, decyl alcohol, undecyl alcochol, lauryl
25 alcohol, tridecyl alcohol, or stearyl alcohol can be used, for

example.

The unsaturated polyester (A) used in the present



(meth)acrylate, phenoxydiethylene glycol (nmeth)acrylate,
phenoxypol yet hyl ene gl ycol (nmeth)acrylate, nethoxytriethylene gypgg%
(meth)acrylate, nmethoxytriethylene glycol 25 (neth)acrylate, / 005
but oxypol yet hyl ene glycol (neth)acrylate, or nonyl phenoxyet hyl
(neth)acrylate. These conpounds may be used alone or in conbination. 2 2
FEB 2005 16 The nononers further include, for exanple, ethylene glycol

di th): | at di et hyl I I I I I
i ( ot ) GeYonat B b'a?g;ﬁ‘éﬁ??%ﬁe fﬁcgﬁ'nﬁ??‘%%?h i 'b%é'b%u“?’;bﬁ"éﬁeyéf’ycm

(meth)acrylate, 5 propylene r I gl yco
dl(neth)@%FgPﬁtéf SBFySFES§P€n€ Fbé@pﬁﬁ Iﬁgc%y%g&gél > h ;gﬁgdlm
di (net h)acryl ate, neopentyl glycaol di(ne ac trl pane
tri (met hyaephpat éompmﬁmﬁnéﬁayw&lﬁméﬁ@ dFrSI r%é’I/er%a f?r %Iyée%%o
tetranet hyl ol met hane 10 tri (neth)acryl ate, tetraneth Iolethane 1
tri (met hpasmplese, Th@tmahérhyﬁ§ﬂﬁepﬁaﬁéetéﬂpééﬁﬁtﬁf§9r§PﬁF@nen§ 32 s[ 4-

(et h) acryl oxyet hoxy) phenyl] propane, pentaerythritol tr|( C%ﬁ;ﬁglate
di pert aet gyt hhit pb1 yhiyedoretliederly lcamponsintgdest drs (R I/TE et hane
(meth)acrylate oligonmer, 15 (neth)acrylic- nDdified epoxy ol i gomer,
epoxy- nodi Di.edtacryld.c urethane oligonmer, and (neth)acrylate oligoner.
These conpounds nmay be used al one or in conbination. Exanples of the other
pol yneri zabl e rergatiardioed ememgirrs afsdrhe prddiniash unsaher ek neri zabl e
unsaturated mononer (B) 20 include a,-unsaturated polybasic acid alkyl

ester gelg@sm@m)hyisé‘mrmf attes s eeadrity | ifusrdriatre, imohodet Wy rnal eat e,
di et hyl eate, nonoethyl fumarate, diethyl fumarate, nonoethyl rnaleate,

di et hyl gahealeng eephRt i diinbiaieles di propyl fumarate, nonopropyl
mal eate, di propyl” mal eate, 25 nonobutyl fumarate, dibutyl fumarate,

rnongpctyl fumarate, dioctyl fumarate, nononethyl itaconate, dinethyl
itaconate, diethyl itaconate, nonoethyl itaconate, nonobutyl itaconate,

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

having no side chain (b).

Formulation Example 2
20 Dibasic acid component (1): composed of 3C¢ to 65 mol% of
an alicyclic saturated dibasic acid, and 35 to 70 mel% of an
aliphatic unsaturated dibasic apid.
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



2 2 FEB 2005 17 dibutyl itaconate, nonopropyl itaconate, or dipropyl
itaconate, and diallyl phthalate. These conpounds may be used alone or in
conbi nati on. The anount of the pol ymerizable unsaturated nononki FEBR0SS5
used in the present invention may be of any anobunt as long as the effects
of the present invention can be achieved, and is usually 60% by wei ght or
| ess. For the case when the vaporization is reduced and the yell ow ng

resistance is__ inproved, hy using a styrene I »£680t @ 9%% Ry 14eicght of
10 the unsat ufb®@ lﬁo??égtEPm?ﬁgeaﬁdﬁgstocﬂgggggemgfgﬁp 8? the styrene
polynmer are preferred as the weight ratio,qf th tyre $ t he
unsat ur ®rd b¢¥§%%§rSFBUFHEedpQEPﬁEFFZQEF ' ﬁﬁgaéﬁréfegﬁngﬁg%gﬁk( / (B)
70 to 85% by weight of the unsaturated polyester (A) and 30 to 15% by 15
wei ght oflipleasigreneaporyptef (BPagié AGRE-preferred. Wien each anount is
wi thin the above range, a good influence is exerted on the glass yetention
of the resin Boigtydricckacohthecompoedt tiRe :uFSaPHSSe® pé%&§§l SA to
t he pol ynerizable unsaturated nononer (B) is preferably within a 20 range
froms40 £81950f BOsymmEtidchylweiodht(p) , Thednild iy 3@ Mol %k fe Hi¥i%the
nononer to the acrylic nononer is preferably wthin a range fromO to 50 :

50 to ZOHaWh?ynwelsqhte) chBhe \ingicBsitby 16f mohié s @ruresymneiol ye Flefcqlesi n
conposition of the present invention is preferably adjusted 25 within a

range frggbﬁné L0sQdeé Raasrbypincorporating the unsaturated pol yester (A)
and the polynérizable wunsaturated nononer (B). 2 2 FEB 2005 The

nunber - aver age nol ecul ar weight (W) of the wunsaturated pol yester resin
used in the present invention is preferably within a range from 1,200 to

5,000. When thee QWERel AMIAGR ITRIREH anwaigid i Sraldsesdrran 1, 200, the
5 mechani cal strength of the resi'n cured article is reduced. In
| 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




contrast, when the nunber-average nol ecul ar weight is larger than 5, 000,
the viscosity of the unsaturated polyester resin conposition is gfgﬁ?ﬁﬁg;
therefore, it is preferred. The glass transition tenperature (Tgﬂ

resin cured 10 article obtained fromthe polyester resin conposition of the
present invention is preferably within pgrange from5 to 1300C. To the
unsat urated pol yester resin conposition of the present invention,
ultraviol et absorbers and ultraviolet 15 stabilizers can be further added.
Exanpl esCBPPLRE A ravi ol et  absorber include benzophenone, benzotri azol e,

and cyano acrylate conpounds. Exanples of the ultraviole il
i ncl ude a hi nSSRPEP &R & %W%%M%ﬁfh s{%tg}%baeéliﬁafﬁgnﬁ)}é‘?or% and

may have polynerizable reactivity or esterifiable 20 r activitg fnd are
appr opr i Apelyideemedthas aid Ll d angd iU ddEPer i des B e it i ng
agent may be incorporated into the unsaturated polyester resin, conposjtion
of the pmesbacriyhedre,i ct.hyExagilecniflatfe dran @%@?Wﬂd@t?nc%ﬁ‘a‘%“%i hyl

et hyl ketone peroxide, benzoyl peroxide, 25 acetyl acetone peroxide

bis-4&t- hmttymlawlcdtexarﬂeeumdardmrﬂatr@tha@mlate,bul@mff)zbé?%&?yaclzyl%?ﬁyl
hexanate. These conmpounds may be wused alone or in conbination. | 2 2 F EB
2005 19 pFepiie metdatarytade pal yestapy Y ess thaonpbatei oh-loydr ey pEREENt

i nvention, polynerization inhibitors, curing accelerators, dyes, pignents,

and waxemeshelk B8 f1ar aff-iny deokyheopgdete tipd ¢ onbaty, Exaygtesyptophié
pol ynmeri zation inhibitor 5 include hydroqui none, pyrocatechol, and

2, 6- t - bubl hRANAES Ol oy EXSHBL 5 Mét lifer gl tag sokdennl onethatugdéatet al
soaps such as cobal't naﬁ%thenate and cobalt octenate; quaternary anmoni um

e e et ot i e
and 141 etRAMIAYNF:e, or methacrylic acid; acrylic acid and esters
thereof, such as methyl acrylate, ethyl acrylate, butyl
acrylate, propyl acrylate, isopropyl acrylate, 2-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, f-

20 (meth)acryloyloxypropyl hydrogenphthalate, -
(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.



B R T

Furthernore, various additives such as thixotropic agents (e.g., silica
powder, asbestos powder, etc.), fillers, stabilizers, defoamers i@

I evel ing agents; thernoplastic polymers such as polynethacrylic2 gﬂﬂmﬁ
resin (PMMA); and 15 comrercially avail abl e macr onononers (AA-6 and AA-10,
manuf actured by TOAGOSEI CO., LTD.) canl$e i ncorporated as long as the
performance of the gloss retention is no i mpai red. The pigment used in the

conposition of the present 20 inventian e pr.ef I sed for

col gr ati gn, aﬁaed@ﬁ@ﬁﬁleé§ tfﬁ’éfrté’@rr i ’%/i}tjoa%?%rﬁr%llaetb’e?/e%yggfﬁ%n oxi de,
condensed azo red, titaniumyellow, cobalt blue, quinagcridon r ar bon
bl ack, igémcmlacin,(mﬂth)wmﬁ?éegréférﬁt*mk‘?é}e gée\f???]orél (i E?%%ﬁgﬁéét >0

i soi ndol i none, chrone green, cyanine 25 blue, and green. Those,.which are
super i or tirnethtylavieoladtycaslt abi (mMath )afr e ot Rk b Y%ﬁﬁ?d%f%?é%he

pol yester resin are selected and incorporated according to_col or tone.
These 2 2iREBt20GTr30atenl dridpysigreve 53l bed Hingidh seer vtakfxed directly
with the polyester resin, or can be added in the formof a color toner
preP%iEdﬁbbp@&@wangm9cdmmﬁmﬂmq;hmadryianﬂAnkﬂ@xbwﬁylenﬁnghY9®hted pol yest er
solid. The anount of the pignment is 5 preferably within a range fromO0.1 to

50 partsghymeritghic Masec, qrb Ik @sy Yendyg heightd dtme tiosecpy kpheedl b§-
di ssolving the wunsaturated polyester and pol yneri zabl e unsat urat ed nononer.

Exanpl es nf @i fd 1l |8 (misash 4 dr yher €ormpaspéhonl oflybel present invention
i nclude cal ci um carbonate, talc, mca, clay, 10 silica powder, coll oidal

silica, asheRhas RONIELLe baf iUt oW &l Bropand O Myth pacdelagkass powder,
al um na powggf, si |l con dioxidégg%wder, gl ass beads, and crushed sand. The

conposi t it%fl?nde%&ﬁﬂ?l@ﬁmttm&ﬁé%mpsb_ﬁ@paﬂé,edt@fér@mthyso1mseahheg
material s and coating materials after incorporating 15 these fillers. They

i:gf ng%ﬁg&ﬁgﬂ{ﬂicy§fégé,r@é@;@%&iﬂﬁloﬂﬁéﬁéﬁ@|ﬁrb!méﬁﬁﬁ@@ﬂ?lhmg,C|Oths and

tetramethylolmethane tetra(meth)acrylate, 2,2-bis(4-
(meth)acryloxyethoxylphenyl]propane, 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 «,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, monocbutyl itaconate,




Fi ber reinforcers can also be added to the unsaturated polyester resin
conposition of the present invention. Exanples of the reinforcer include

glass fibers (e.g., chopped 20 strand mat, glass roving cloth, &ZF§8 2005

carbon fibers, organic fibers (e.qg., vinylon pol yester, phenol etc.), ;
and netal fibers. A fiber reinforced pjastic (FRP) can be obtained by |
adding 10 to 70% by meight of the reinforcer. A cured article of a ‘

conventi qnal . unsa urat 5.5 Ss retention |
(meather$ﬁ§ Fgétf 8F°8 AF kXSQ%Ekgﬁé'at%o \ﬂﬁ'f?grgﬁgﬁi Aq) of 20 or less |
cannot be obtained. In con st nsat d r kelihe 22
FEB2005 ?EaCBP8§8mtaPﬁvgﬁﬁléﬁal T%%ﬁgﬁie “of %%%mﬁgﬂggﬁggsnnﬁ article

havi ng excel l ent gl oss retention and yell owi ng resi stance by adjustlng t he

"shri nkaB&O8€r 8s 1pEA™PSE ™ ‘of the cured article to 17 MPa or |less, and
preferably to 15 MPa or less, 5 and by adjusting the ratio of the 7 hrinkage
stress upon 8@6I@W@M@¢a§ﬁ|$hqIHQLYWQF¥F4§1 eﬁﬂ?aQﬁﬁ?&ﬁéﬁQﬁQﬂW?xtb 0.05 to
0.85. Since the cured article obtained fromthe resin ositjon of t he
presént baedntino’ hisa$ rgsesite AlnYHTGPET iMey Q?ad’aﬁolaé'llbfaf?cé{ A hgttHe as
photo-deterioration reaction and 10 withstanding a stress produced b
repetiti vbechkdifgetisn oft dmseraagen hetnwsnt ifyamme AShENEdueld asonal
variation, the gloss retention after the 2,000-hour weathering test using a
Sunshlneumeaﬂh@rém&t@w|W§ﬂﬂh%(ﬂrrﬁﬁsﬁ aBer phef @eslsl YhEIdYe nore, and the
color difference (AE) is 20 or 15 less, preferably 16 or |ess. The
unsatura&e@qxﬂa&ﬁmﬁwJmemeﬁunﬁdxnndlthe(Hellmwlmﬁeﬁﬁﬁﬂst¢W@ﬁtl@n is suited
for use in coating materials such as lining materials, coating
conposi t iiepgovard Hyantdimg ar |yt yprred enaidnegel 6 ¢ oad i 91@ ney eve dgBt FHr t he
case of mxing with 20 fiber reinforcers and/or fillers, it can be used in
ol deyl  an cirestsucitead MG et BMA) Aoodrilitng 4 @3 tie weegleht ofi Aent i on,

|
|
\
it is possible to provide a fiber reinforced ‘
styrene polymer are preferred as the weight ratio of the |
styrene monomer as the unsaturated polyester to the
polymerizable unsaturated monomer (AY/(B)y. 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 is |
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 ¢ 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 incorporating the

unsaturated polyester (A) and the polymerizable unsaturated

monomer (B).



coating material of the unsaturated polyester 25 resin conpositi f éhe
present invention on a fiber reinforced plastic nolded article, 2%&@#“53
superior in weathering resistance, yellow ng resistance, and surface 22 FEB
2005 22 gl oss. Exanples of the unsaturgted polyester resin conposition of
the present invention include bathtubs, unit baths, washstands, kitchen

utensils, boats, fishing_ vessels t an n , i ¢lee iRITbers, housing
mat eri al s, cﬁgp?s?”§g855E¥?rgﬁﬁ Qﬁ%&ﬁﬁggFeagéskﬁ.‘ﬁﬁQ ggiﬁing mat eri al of
the present invention is obtained, by addi,ng, curing_agent. CUT s

accel er agpeatpsatfid PGH§5PGF§té&5ﬁSI§é§geFDr anE% %%iﬁ?BﬁQ%P&#Lgﬂgresent
i nvention, and oEtionaILy contain fillers, pi%ne ts,. waxes, 1% ul traviol et
absor bersrafdrabiyavishéd &t agingezErem the ifeto goiﬁong ﬁEFEriQF of the
present invention is obtained by adding curing_agents and curin

accel er ahombetroavheagenseigcatled peilphdt 45 ﬁé@iﬁeébﬁﬂﬁgiﬂhéﬁﬂ%ﬁ'ﬁﬁ% pr esent
invention, and optionally contains pignents, ultraviolet 15 absorbers, and
ul tr avi ohethahdbilli zerengThe oFRR hep mbsd narcuirside agtt e pregetussfiention is
obtained by formng a gel coating |ayer on the surface of a nold using a
gel coat -pgtpaker i ahemad®eohunte rHmsatragst awhl eyol s tweri ghetsi s coRRd ti on of
the present invention, and by 20 form ng a backing |l ayer using a nolding

mat eri al +ahnSHC000 , BMBe aac@iading tof ahenaursatimitregl pethast Sher amsat ur at ed
pol yester resin conposition of the present invention can also be used in

seal i ng pBhEbsatSon AW randast tHadfdr, and regrefonce@t es. In these
cases, 25 additives such as flame retardants nmay be further added, if

plastic nolded article obtained by forming a surface |ayer made of a gel
necessary. 2 2ZpgFB120Q5 +33nsition temperature (Tg) of the resin cured
| 10 article obtained from the polyester resin composition of the
present invention is preferably within a range from 5 to
\
130°C. |
To the unsaturated polyester resin composition of the I
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 méy 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.



EXAMPLES The followi ng Exanples further illustrate the present invention in
detail, but the present invention is not limted by the Exanples. In the
foll owi ng Exanpl es, "parts" are by 5 wei ght unl ess otherw se specﬁZFE&IIﬂUE
(Exanmpl e 1) Preparation of unsaturated polyester resin conposition. In a
2-liter four-necked flask equipped withea 10 thernoneter, a stirrer, an
inert gas introducing inlet, and a reflux condenser 366 parts of neopentyl
glycol, 88 parts of ethylene glycol, 88 _part

2-butyl - 2- et HyP-the. BP%%%HEGFGE ¥°9X§§§55rF§S§P ﬁgygﬁﬁéﬁégﬁtﬁéllc anhydri de,
and 232 parts of fumaric acid were char %ng heat ed t% .205C whi |l e bl owi ng
15 nit r quessefat. inFeBELlPBacPPAYMESE 284 1R uﬂ§ 88985t SYSFTS  styrene
nononer and 0.12 parts of hydroqui none were added to obtain unsat ur at ed
pol yest esccebenatonppsiyeen Pagmegts, A6V ORAES SUCHnEEnPR FIR &7 an acid
value of 12. A cured article of such a conposition showed a shr g g

stress up®nadQegooptignatly..6 Efamphesacfathe D@lgﬁﬁrhka§é°§tﬁé§§ A
cooling/elastic Iimt of 0.14. As a result of the follow ng meatherlng

testy the gigas nhoheBLuSROWRs PFyYocanedchhd calnar 2,di-fi-drdntle was 8.9. | 25
(Exanpl e 2) Preparation of unsaturated polyester resin conposition. In a

Al BabaLeLsbour . BRakEOEL] 88kehe thatngf aExalpketdr2 iREBUZBOBE2AL 1, 457
parts of" neopentyl gl ycol 51 parts of 1, 3-propanedi ol 70 parts of

2-but yl - 258b0vLitp3a gr%@, 4 Glapn 46N nDicoiahyrernitdal i c

anhydrlde parts o fumaric acid were charged and heated to 210*C,

and then aggg?:tn%rg:yz's?rﬁ}o'n‘i'ﬁ 182G 4 a‘@%ﬁ?étrﬂﬁdaéhﬂ 1he@iiweact i ng for

12 hour s yrene nononer and 0.713 parts of hydroqui none
were adde?orldObt Infyéfgﬁgﬂéﬂéﬁ(%%l%%é%?ﬂé%ef&ﬁﬂf‘éHHWEﬁﬂﬂééﬁbuch as

y

10 dimethylaniline, N-ethyl-metatoluidine and triethanclamine.
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}; ana

15 commercially avallable macromonomers (AR-6 and AA-10,
manufactured by TOAGOSEI CO., LTD.) can 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 coloration, and
examples thereof include titanium white, red iron 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



havi ng a nonvol atile content of 70% and an acid value of 9. To 100 parts of
this unsaturated polyester resin, 0.5 parts of 10 Tinuvin 400 iu;raﬁbolet
absorber, manufactured by Ciba Speciality Chemicals Inc.), 0.4 rFeES 290
Tinuvin 123 (ultraviolet absorber, manufactured by C ba Speciality
Chemcals Inc.), and 0.1 parts of LA-8 ul travi ol et absorber, manufactured
by ASAH DENKA KOGYO K. K. ) were added to obtain 15 an unsaturated

pol yester resin conposition. A curged article_ of..s ; j .ty owed a
shri nkageosP¥é89 BREAERSS i Ret G SPNPLard g‘lrxae;afr(gilofewz'{(l;g}grlﬁess
upon cooling/elastic limt of 0.31. As a resuylt of the follawn

weat her i pglyestert ke sges £ @dhticordned dsvythend Ak ol r° %i(}r*eerr ence
was 3.1. (Exanple 3) Preparation of unsaturated polyester resin

conposi t ppapairedabyi mideari anrdliyt dneddmg nddiked f9addikateéd It of Exanple 25
1, 417 parts of neopentyl glycol, 152 parts of 1, 3- %rﬁopa_medi ol, 308 parts
of hexahygsaphtrhgleidc pednestradesolantl 464e pacustobIf Gher Pdomeditd iker e
charged and heated to 210'C, and 22 FEB 2005 25 then an esterification
reactg onpypase¢abilived iatin Af treinge efandn Mo I oro B0 heurtss 197 wWepegh's fsed
styrene nononer, 193 parts of methyl nethacrylate, and 0.12 parts of

hydr oqui pane o WerG 1addad J it &l Bbsinsategaiet ol diesielv eyt
conposition having a nonvol atile content of 60% an acid value of 5, and a

Vi scosi tyat 0,8 20 S0 i A4 igd Bt S0 & uRITON d§ O mokamer!. a

shri nkage 'stress upo i ng of 7. a and a ratio of shrinkage stress

upon cool I N0/ @hdiied 148 el e 1dy MSed 1PN imddier{bh ¥ nendeat heri ng

test, the gl oss Fetention was the col or difference was 13.

Exanpl e 4) Preparatian i oy n a
o er CPsheenipa T PRI K ARG eI dC0, o FOMMRELL) nad ]

Inerngagiﬁnguﬁgﬂégkfrgé%lofﬁgaz%ilica, 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.

2 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




refl ux condenser, 335.3 parts of neopentyl glycol, 73.5 parts of

1, 2-propyl ene glycol, 90 parts of 2,2-butyl-2-ethyl-1, 3- propanediqu FEB‘@% 4
parts of 1,4-cycl ohexanedi carboxylic acid, and 209 parts of fumaric ac
were charged and heated to 205C 20 while blowi ng nitrogen gas. After
reacting for 14 hours, 422 parts of a.styrene monomer and 0.12 parts of
hydr oqui none were added to obtain an unsaturated pol yester resin

conposition having a ,nonval atile,caontent. of .70%_a i f, 12.
To this %r%%%Bs??lgSHFl?S‘&lf ﬁ&Pta?Clc?f © egﬁéﬁlﬁ% gl yr}%osl%%%qc# n%ta%%cgrcgleat e as
a polynerizable unsaturated nononer were a deq to .obtain .asr)cauncseatbtﬁ; at ed
pol yest 12Y 3P neEeRpesIti GHOSR I&HEaF 1M idd% Y& N % *Eoitosti%m 'showed a
shrinkage stress 2 2 FEB 2005 26 upon coolingcgf 12,2§yP%}and ax%atio of
shri nkaged3ugesBgupbr “EHSILINGIE £HEET (YRAN SOV 68 FHesitt®%f the
following weathering test, the gloss retention was 89% and the col or

di f f er enget ate 1104175 MPEx@Iless), Rrsharafiespdy WsadturteP oISt er
resin conposition. In a simlar 2-liter four-necked flask to that of

Exanpl e afdgd B29apiuiks iofy néepenttilo gifyddls 207 igevage FtresetUiAn| |, 3- 10
propanedi ol , 308 parts of hexahydrophthalic anhydride, and 348 parts of
fumaric caél dnyeee ashacgad rand’ heatledrt d &I0C arahdrafrerakay a5t tifd dar i on
reaction was carried out. After reacting for 12 hours, 445 parts of a
styrene pgoggnersandeOrhe cpaetsaet ibyer optianoee feoe addedetsanobt ai n an
unsaturated 15 pol yester resin conposition having a nonvolatile content of

70% and agnpek4tYanue Oft h?. prisekR0 dardri idn this phinseiad at@etbpeand yest er
resin, 0.5 parts of Tinuvin 400 (ultraviolet absorber, manufactured by C ba

Speci al i EypCher 63l $ettedind the Rt -Uetld ribidy ilck3 feddt o cdied absor ber,
manuf actured by 20 G ba Speciality Chemcals Inc.), and 0.1 parts of LA-82
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 (8E) is 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 céating 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




(ultraviol et absorber, manufactured by ASAH DENKA KOGYO K. K.) were added
to obtain an unsaturated polyester resin conposition. A cured giikgéjmﬁf
such a conposition showed a shrinkage stress upon cooling of 10t nd a
rati o of 25 shrinkage stress upon cooling/elastic limt of 0.45. As a

result of the follow ng weathering test,,the gloss retention was 85% and
the color difference was 13.7. } 22 FEBZ005 27 (Exanple 6) Preparation of
unsat urat ed pol yester_resi onposition, In_a.simlar_2-Ljiter four-necked
flask to9iR&E - of EXXERPFR Og EEC‘GZEESB{SPF@%F HB%HS%?? 5%9%9, 99 parts of
2-methyl -1 , 3- propanediol, 308 parts of hexahydrophthali nhydri.de, and
294 par eemppsihienc ©fakied Hirds SRdr é "VRA ST i é’(ftt}'g:%c,uma d then
an esterification reaction was carried out. After reacting for 14 hours,
486 partbabhsa wepbetendsnonet i MtERSE] Hake@teh, HydddH NSiReSere added
to obtain an unsaturated polyester resin conposition having a nonvolatile
content 08nk68%paneélan awihdolsd uendferlss. houwsumed matdidiad of G &
conposition showed a shrinkage stress upon cooling of 7.4 MPa and a ratio
of shyinkagesst aess aupemotadld mgfredsastic limt of 15 0.31. As a result of
the follow ng weathering test, the gloss retention was 78% and the col or

di fference waghtlcbatlipeammte rialPreparts ipresdntunsatensted jpolgestigred esin
conposition. 20 In a simlar 2-liter four-necked flask to that of Exanple

1, 458 pait sqefinReeneiing ot arfdt i ing fcde Bepyopened alhe 462 parts of
hexahydr opht hal i ¢ anhydride, and 232 parts of fumaric acid were charged and

heat ed t 210G, ) LRAV ANt e £t & i | CHP ML T BACtIOREW@pewdried out. After
reacting Por 55 14 hour's, 522 parts of a styrene nononer and 0.12 parts of

hydroqui naRe eI, added 4o Qhi 1y adLSat Uf of Bl O yRghét s | sdes,
conposi tion HaV|ng a nonégiatlle content of 68% and an
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 formiﬁg 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
acéording 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.



22 FEB2005 28 acid value of 11. A cured article of such a conposition
showed a shrinkage stress upon cooling of 9.1 MPa and a ratio of shrinkage
stress upon cooling/elastic limt of 0.55. As a result of the f@% bul Hffd
weat hering test, the gloss retention 5 was 73% and the col or difference was
14.2. (Exanple 8) Preparation of unsatujated polyester resin conposition.
In a 2-liter four-necked flask equi ppedwth . a 10 thernoneter, a stirrer, an
inert gas introducing inlet, and a reflux condenser, 458 parts of neopentyl
gl ycol , DPMBLES of 2-nethyl -1, 3- propanediol, 308 parts of

hexahydr opht hal i c anhydride, and 348 parts .of fumaric .acid were charged
and heated tBhe1fecllariag Esadples fort rhdlﬁé‘),Stg(%tep;ﬂeS RKeSF efS styrene
nmononer, and 0.11 parts of hydroqui none were added to obtain an u s%%urated
pol yest einvest hcoomposietiadd .hdtng e pI@fAI atinve dorftients dTOng%% n acid
value of 12. A cured article of such a conposition showed a shrinkage
stress uppntheoBkimglels.11I% WRa dodlawiagi Exempdlesi nKagatstr @€ &yon 20
cooling/elastic Iimt of 0.55. As a result of the followi ng weathering
test 5 t hge ghRESUhekER! icdheatas &/ %peaid ide. color difference was 14.5. 1
(Exanmpl e 9) Preparation of unsaturated polyester resin 25 conposition. In a
simlar 2-liter four-necked flask to that of Exanple 1, 278 parts of
neopentyl glycol, 90 parts of 2-nmethyl-1,3 22 FEB 2005 29 propanediol, 111

parts of (ksaphhhahiyc pcighy A4 HRTES s Adi€ed 350 Tye $03r paes sn of
hexahydré%ﬁ?ﬁgﬁ?c énhyd%ﬁﬁ%, and 197 parts of ?ﬁ%ﬁgic acid were charged and

heateq tg?%%ggitggg_then an esterification reaction was carried out. After
reacting fo

In a 2-liter four-necked flask equipped with a

10 thermometer, a stirrer, an inert gas introducing inlet, and a
reflux condenser, 366 parts of neopentyl glyceol, 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




5 12 hours, 279 parts of a styrene nononer and 0.05 parts of hydroqui none
were added to obtain an unsaturated polyester resin conposition i 065
nonvol atil e content of 70% and an 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/elgg&ic limt of 0.25. As a result of
the followi ng weathering test, the glo retention was 66% and the col or
difference was 13.7. (Conparative anpl.e Pr epar at.i qn of t uy:atyed

pol yest et i§7rE§Fﬁ508ﬁp8§PPﬁ@ﬁYllEﬁﬂgglsa#é ﬁ?ﬁ%@rogsqré é%gﬁ%ﬁ§¥§%1416
parts of neopentyl glycol, 152 parts of 1,2-propyl.ene glycol, 3 parts of
isophtha?@cpantd,0£ng- Yéaﬁr@t@W1?&m%ﬁ9¥%ﬂﬁﬂ?di&ﬁe 4é%h¥ﬁﬁauﬁﬁ§?heated to
210C, and then an esterification 20 reaction was carrjied out. After reacting
for 14 hioeixshy888phpamtis cofand ysiryidene ansh@idr Pad =0.0£2 fplatatrsl‘—‘ofa‘%%r oqui none
were added to obtain an unsaturated pol yester resin conposition having a
nonvol at it ee conbentdofanthb teancdart cadild Gl wncbftten An eiter idritgadi®Tof such
a conposition showed a shrinkage stress 25 upon cooling of 29.6 MPa and a
rati g of shet NkAIRaSt LRSS WO UICOORFRGerastitdnki ot 02 boBrs,Ad83 result
of the followng weathering test, a gloss retention (1,500 hours) was 60%

and 22 FEB2005 30 12 <4 QnedinfdrRiIC & iR 20 4a (GOt ey Exee evedle
Preparation of unsaturated polyester resin conposition. 5 In the sane

manner as .j ;| 9 eln o isiad
1, 2-pr op?/fjg%%%ﬁ;@%ﬁa]l&%qga%{s&t&o@theed;gﬁﬁ\?/l r oéglhet hal i c nanhydlzﬁzifr)déle,l and 196

parts of, Tpl 8L.C 2 3NANT A eI GhALOGTk angh hagd oh 121061 @@ ¢ fen an

esterificatiof reaction was carried out. After reacting for 10 14 hours, 410

parts of H%uibﬁ g’%%ttmno rhig]&Fnosaq%Mé%r%%géwa%ﬂW,e (V8 S REAAL o1 O

. =5 .
opbtain a ed polye resin c tion having a nonvolatile

0 .
ConHﬁpt ggnggfhaQ%daWultraviolet 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 {ultraviclet 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



acid value of S. A cured article of such a conposition showed a shrinkage
stress upon cooling of 20.6 MPa and a ratio of 15 shrinkage Streial%&ﬁ 05
cooling/elastic Iimt of 0.72. As a result of the foll ow ng weatHeri @
test, a gloss retention (1,500 hours) was 40% and a color difference was
15. (Conparative Exanple 3) Preparati o%(é;f unsat urated pol yester 20 resin
conposition. In the sanme manner as in nple 1, 406 parts of 2-

met hyl - 1, 3- propanedi ol,,_, 444 parts of. phthalic anhydride, 147 parts of
nal ei ¢ aRR§ar ﬁ&e%ﬁé’?éﬁ&r@&é@r’aﬁwcﬁﬂ Yo CZ"fé(ieycgnoc}‘1 'he%&grefr
esterification reaction was carried out. 25 After reacting for 14 hours,
610. 9 parescsfing Soyr dde hesrciverS 7 AR 1L D6 i 158 oreNfy dt $one* ér e added
to obtain an wunsaturated pol yester resin conposition having a nonvol atile
22 FEB 2p85t31ofcowttdntl ofetdtimndten asid Galdieoit s OANYITEI RO t he
foll ow ng weat hering test, a shrinkage stress upon cooling could not be
measur edwbeeaunsieleal qloosdtradirendri amgalt, GO e palyestfern xeg¥d article of such
a conposition was 29% 5 (Test Exanples) Using the resulting unsaturated
pol yest eEom@isi t iR ingPnRs ,ndrive Fad 1 vi e test sofve @ caam | @didural The
results are sunmarized in Table 1 and Table 2. <Shrinkage stress upon

cool i ng>»30 sThe rghrd RKAGe SiHPSSt UPoH BP0kl Nar feered 04kt Dc O Cofasucheasur ed
by the net hod descri bed above using the resin conpositions of the Exanpl es

and the ratds i t i & Shf Ne. 9 MP
CRRA AL SIINGS, T BRI ks e e e S .

weat her onet Produc I test™ p h of the resin

ol one. pBG. Pag g O 1ot B BhAS Lot T e hoat 1 cheh of Lo

ket one peroxid n enate to each of the

unsat ur ated ,pol yester resin Ofcchmo%iQtlil%nﬁn@ﬁagﬂéﬂﬁgt he fxangesy gk t he

Conpar at i've "Exanpl es, "fol'l'oied by stirring-a egassi'ng. A rel easant
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 ges 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 hydroguinone 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



20 (Frekote FRP, manufactured by F-REKOTE Inc.) was applied to a glass

pl ate, and a spacer for controlling the thickness was placed thereon. The

resin conposition was poured onto the glass plate, allowed to starfd BEB 205
normal tenperature for 24 hours and then cured at 120C for 120 mnutes to

obtain a cast 25 test plate having a thggkness of about 3 nm (2)

Weat hering test Weathering test pieces ving a size of 75 mmx 70 mm2 2 F

E B 7005 32 were nmade by cutting the test plat bt ai,ned by Meth ).
si ng o SRRBh e Widkh 1 dhfotle MG TS Q5 e TTHARR AT B SUe

TEST I NSTRUMENTS CO., LTD.), an _accelerated meatheri%g éest S carried
out. 5 Teepléssdiediastsic Manpgeraft 187 638scacyerdits inftde P4t ¥a % nut es
out of 120 mnutes Time: 2,000 hours Wth respect to test pieces wherein
drastic Weathemgng telk,gltdss asss cctlpiizad Mavikitd eVt drPevery 250
hours, the test was stopped. (3) Evaluation of weathering resistance The

gl oss andiddkaterdid fver=ericle. f each test piece after the test were neasured.
A gl oss neter "' Mddel Gw6D, 15 nmanufactured by MJRAKAM COLOR RESEARCH
LABORATORY" was used as the neasuring device. The neasuring angle was 60*.
The gloss retention was determ ned by the fornula "(specul ar gloss after

test/ speqgihampdledss hefgia-desdn of 1Psat T adl sl ghdfer eneeimas neasur ed
with a projecting pipe 20 (specinen support) of 300, using a Z100I DP

manuf act ur.ed v + iNAPPON DENSHOKU  CO., LTD., and a 6E val ue was used as the
% val ue of the color difference"'. The larger the value, the nore severe is

the degree of yeld At MR &eRbu PInEbA | 144 K145 ERadher SbamhpTe | 1 !
of the resin conpositions of the _
1, 229 parts of neopentyl glycol, 297 parts of 2-methyl-1,3-
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 hydroguinone 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
{fultraviolet 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.
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(Example 6) Preparation of unsaturated polyester resin
composition.

In a similar 2-liter four-necked flask to that of Example
1, 458 parts of neopentyl glycol, 99 parts of 2-methyl-1,3-
propanediol, 308 parts. of hexahydrophthalic anhydride, and 294
parts of maleic anhydride were charged and heated to 210°C,
and then an esterification reaction was carried out. After
reacting for 14 hours, 486 parts of a styrene monomer and 0.11
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
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.

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

resin composition having a nonvolatile content of 68% and an
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acid value of 11. A cured article of such a composition

showed a shrinkage stress upon cooling of 9.1 MPa and a ratio
of shrinkage stress upon cooling/elastic limit of 0.35. As a
result of the following weathering test, the gloss retention

was 73%, and the color difference was 14.2.

(Example B) Preparation of unsaturated polyester resin
composition.

In a 2-liter four-necked flask equipped with a
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
styrene monomer, and 0.11 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
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
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-




ri |

m ml Or 00 m1lm r - LO) NN OC NNGOC) NNMIlmlOOrr%g
10

| ONOOM M N NN (NC O mwvIODN MU 71FEB

10

15

20

25

29
propanediol, 111 parts of isophthalic acid, 44 parts of adipic
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
12 hours, 279 parts of a styrene monomer and 0.05 parts of
hydroguinone 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 cocling of 6 MPa and a ratio of
shrinkage stress upon cooling/elastic limit of 0.25. As a
result of the f&llowing weathering test, the gloss retention

was 66%, and the color difference was 13.7.

(Comparative Example 1) Preparation of unsaturated polyester
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
reaction was carried out. After reacting for 14 hours, 939
parts of a styrene monomer and 0.12 parts of hydroguinone 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
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
hydrogquinone were added to obtain an unsaturated polyester
resin composition having a nonvolatile content of ¢0% 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 cooiing/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 pclyester
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%.
{(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>

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

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.
(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
test plate having a thickness of about 3 mm.

(2) Weathering test

Weathering test pieces having a size of 75 mm x 70 mm

| T)
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were made by cutting the test plate obtained by Method (1).
Using a Sunshine weatherometer (WEL-SUN-HCH-B type,
manufactured by SUGA TEST INSTRUMENTS co., LTD.), an
accelerated weathering test was carried out.
Test conditions:

Temperature: 63x3°C

Cycle: rainfall for 18 minutes out of 120 minutes

Time: 2,000 hours

With respect to test pieces wherein drastic lowering of
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 GM2&éD,
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
(specimen support) of 30e, using a z1001DP manufactured by
NIPPON DENSHOKU CO., LTD., and a AE value was used as the
wyalue of the color difference”. The larger the value, the
more severe is the degree of yellowing.
<Measurement of elastic limit>

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/m?, (M)), a glass
15 roving cloth (570 g/mz, (R)), 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,




O 0O NIn baO 4 0 0 C N22FEBZ2005 35 (Production of fiber
reinforced plastic nolded article) To confirmthe weathering resistance of
the FRP rol ded article conprising a surface |ayer nade of the ungathBail8y
pol yester resin conposition of the present invention, a gel 5 coating

| am nated plate was nmade by the follomkF%Anethod. First, a rel easant
(Bonrease, manufactured by KOSH N CHE L CO, LTD.) was applied to the

glass plate, _.and the 1. 0%_of % | . ket er oxj . 5 parts
of 0.6% mEBHQPFtH5§I‘??Mni%ﬁmﬁém%%@/pcacﬁ 'sOLbnfD '@ac"ﬁa%ﬂ??%ﬁe]dll resin
conpositions of the Exanples and the Conparative Exanples, followed by
stirringtheheesithed e dvd$Spray-coated on the glass plate, allowed to stand
at a normal tenperature for one hour and further cured at 60C for 30
m nut es. TBSENGONdiFli®ss :chop strand mat (wei ght: 450 g/n2, (M), a glass 15
roving cloth (570 g/n2, (R)), and a resin for |lamnation (unsaturated
pol yest er resiTempematactesr B33’ OAI Nl PPON | NK & CHEM CALS, INC., trade nane
PCLYLI TE FH 286), glass fiber reinforcers (M + (R + (M were | an nated
and rfol ded at Comde:t insirsfmlds fax b8 Inminbtoee aporhnbihenizetehe L- shaped
corner 20 portion. As the resin for lamnation, 2 parts of 0.6% cobalt

Time: 2,000 hours

With respect to test pieces wherein drastic lowering of
gloss was recognized 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




napht henate and 1.0 part of 55% nmethyl ethyl ketone peroxide were used. The
resulting lamnate was allowed to stand at a normal tenperature fggptgﬂms
hours, and an FRP nol ded article was peeled off fromthe glass plate to
obtain a test plate. 25 Wathering test pieces having a size of 50 nmx 70
mm were nmade by cutting the test plate 7In t he sane manner as descri bed
above, a Sunshi ne weat heronet er (VEL-SUN—HCH—B type, 2 2 F E B 2005 36
manuf act ured by SUGA TEST INSTRUSEQIS CO., LTD.)_.was %ﬁed(%n ng Wfathering
test. Tes® BBAAi PPERIPICTEREROICE BFRAE NG dakertahidt? § JICU¥ i nut es
out of 120 minutes Tinme: 2,000 hours Wth respect to test_pieces. wherein
drastic potecilag Bhicl Hayewds MesdGghied %fyrqn%@blﬁseéfv%\%’ off BV 250

hours, the test was stopped. The test results are shown in Table 3. 10 (3)
Eval uat i oaesf andathemiang erdsitdtemcm Bl al arswentddrd i SR IR WP Sual
observation the degree of whitening of the surface. Evaluation: @ no

whi t eni ngy15 Qepeane iwei tod@Engge X.n vetitess my okibied 3 Banpt e itExehp? e 2Conp.
Exam |l e 1 Weat heri ngOOX resi stance | NDUSTRI AL APPLI CABI LI TY 20 The

unsataur atBdngel yestempeesitu regmudsitt iion, dfedthing mrebergol hvent iAdsd $heapabl e
of formng a cured article having excellent gloss retention and yell ow ng

resi st anggnb¥ntCeanld alapdrd 24te Srshef nikeg epst yressi 2inle cowsa gt atédt he cur ed
article to 17 MPa or less and the ratio of the "shrinkage
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




25 stress upon cooling/elastic [imt" to 1 or less. Mireover, it 2 2 FEB
1005 37 is nade possible to provide a coating material and a nnlgii
article, which have a nmechanical strength suited for various use 8 2003
characteristics capable of preventing cracks caused by a repetitive change
‘in stress produced as a result of a 5 clgnge in tenperature, that is,
heating and cooling. Also the content and vaporization of the polynerizable
unsaturated nonomer can be reduced Qﬁjﬁﬂﬁgifying the content of the
nmononer. The unsaturated pol yester resin conposition of the 10 present

i nvention is suited for use in coating materials such as coating
conpositions, lining materials, and gel coating materials, and various

nol ded articles such as FRP nolding naterials, because the cured article

th f I | ent | 15 22
Lnereol bR SxceLl o dhanme ke Ot VehbANAS LRk aRce: 10 22
an unsatumameqamlyemrdﬂ)(andamimnan;&bﬂwmatIuZMmoml(B},at ed nonomer (B),
bo yhydri o al conBEnbEaia defbbaiin) KEfived S0 8 SRR IS AR L LRSI RER “Corpr 1 ses
30 to 65 mymmmmucmmnem,whmmat ed dibasic aC| d and 35 to 70 nol % of

an aliphatic u ri€c. alcohol
canponent com%ggg%%t%d %8&%%”& ﬁgseég%égﬁgl‘}g gdéf sfb’ % 60 nol %
of an asydmhate acd ghg dbito 7hmelagf an aimdiencchmmrat:ﬂdlbdw a:l:ncbasui theaci d conponent
conpri se L | 'y nd 35 to
70" ol o6 ROy Bici et ShmBlnefithofiplit o & SO BAIY Wy BlefTN Fe BT
al cohol c@rﬁ%ﬂ@]r%o ampsymypeiTic glyee) havingelside chingorsymmetric gl ycol, 10 to 3 5
nol % of a gl ycohe @stﬂ:ﬁhcﬁpco?ﬂﬁﬁexﬁ B PriseBNY 16065 ﬂmf"ﬂ of'm dﬁ:?f:h@{énﬁ%&”mt ric
gl ycol hV|nga5| S%mthe "shri.nkage,stress upon cooling"
of " a cur e?Pbasi¢ pf @n Eé g(lf mo?ﬁgf;an Iphatic unsaturated dlbasw acid, and the

polyhydric alcohol component comprises 60 to 80 mol% of a symmetric glycol, 10to

35 mol% of a glycol having no side chain, and 5 to 10 mol% of an asymmetric glyco!

having a side chain, and

wherein the “shrinkage stress upon cooling” of a cured article thereof is 17

MPa or less and a ratio of the “shrinkage stress upon cooling/elastic limit™ is I or less.

2. An unsaturated polyester resin composition according to claim 1, wherein the
gloss retention of a cured article thereof 1s 60% or more. )

3. An unsaturated polyester resin composition according to claim 1, wherein the
gloss retention of a cured article thereof is 60% or more and the color difference is 20 or

less.

4, An unsaturated polyester resin composition according 1o claim

1, wherein the alicyclic saturated dibasic acid comprises a1 least one selected from the
group consisting of hexahydrophthalic anhydride and an anhydride and ester derivative
thereof, the symmetric glycol is neopentyl glycol, the glycol having no side chain is at
least one selected from ethylene glycol and 1,3-propanediol, and the asymmetric glycol
having a side chain comprises at least one selected from the group consisting of
2-butyl-2-ethyl-1,3-propanediol, 2-methyl-1,4-butanediol, 2-ethyl-1,4-butanediol,



MPa or less and a ratio of the "shrinkage stress upon cooling/elastic

limt" is | or less. 2. An unsaturated pol yester resin conposition Jggolith ng
to claim1, wherein the gloss retention of a cured article theredf Is 60%
or nore. 3. An unsaturated polyester resin conposition according to claim1,
wherein the gloss retention of a cureds@rticle thereof is 60%or nore and
the color difference is 20 or less. 4. An unsaturated polyester resin
conposition according to claim 1, wherein the alicyclic saturated dibasic
acid conprises at |east one selected fromthe group consisting of
hexahydr opht hal i c anhydri de and an anhydri de and ester derivative thereof,
the symmetric glycol is neopentyl glycol, the glycol having no side chain is
at least_one selected from ethylene glycol and 1, 3-propanediol, and the
asymet r i €M 3-Praapedjolaand h@eﬁ’lﬁhﬂ%'wmd@bs at |east one selected from
the group consisting of 2-butyl-2-ethyl -1, 3-propanediol,

2-met hyl -1, 4-but anedi ol , 2-ethyl -],4-butanediol, 2 2 FEB 2005 39

2- met hyl -3, 3- pr &papaes Bieteriahesing-the wksatwaied pplyentexmesin eomposBionAfchin i ng
material ysing the unsaturated pol yester resin conposition of claimé6. A gel
coating naterial using the unsaturated polyester resin conposition of «claim
1. 7. Afiber reinforced plastic nolded article conprising a surface | ayer

made of ag cureg QY Liding rofterdd GsibP BRUMEALRELIRBIES BLin LERbEsOIROST tion of

claim 1. )
claim 1.

7. A fiber reinforced plastic molded article comprising a surface Jayer made of a

cured article of the unsaturated polyester resin composition of claim 1.




