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(57) ABSTRACT 

The present invention relates: to an epoxy resin composition 
comprising at least (A) an epoxy resin having a cycloalkane 
ring or cyclohexene ring but having neither aromatic ring 
nor aminic nitrogen atom, (B) a carboxylic anhydride having 
no aromatic ring, and (C) an ultraviolet absorbent, Wherein 
a content of component (A) is from 70 to 100 percents by 
Weight based on the total Weight of epoxy resins, and a 
content of component (B) is from 70 to 100 percents by 
Weight based on the total Weight of carboxylic anhydrides. 

By this constitution, the present invention can provide an 
epoxy resin composition Whose cured product excels in 
mechanical properties and Weatherability, and a ?ber rein 
forced composite material having excellent mechanical 
properties and Weatherability. 
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EPOXY RESIN COMPOSITION EXCELLENT IN 
WEATHER RESISTANCE AND 

FIBER-REINFORCED COMPOSITE MATERIALS 

TECHNICAL FIELD 

[0001] The present invention relates to an epoxy resin 
composition excellent in mechanical properties and Weath 
erability suitable for an application of, for example, a matrix 
resin for composite materials, a casting resin, a coating 
material, adhesives, and the like, and furthermore, it is 
related With a Weatherproof ?ber reinforced composite mate 
rial used suitable for aircraft members, automobile mem 
bers, ship members, sporting goods members, and the like. 

BACKGROUND ART 

[0002] Conventionally, a ?ber reinforced composite (FRP) 
comprising reinforced ?bers and a matrix resin has been 
applied to many ?elds, such as aircraft members, automobile 
members, ship members, and sporting goods members since 
it excels in mechanical properties, such as strength, rigidity, 
and impact resistance though it is lightWeight. 

[0003] As a matrix resin of a ?ber reinforced composite 
material, a thermosetting, resin such as an epoxy resin, an 
unsaturated polyester resin, a vinyl ester resin, a phenolic 
resin, a cyanate resin, and a bismaleimide resin, is used in 
many cases, and an epoxy resin is must often used especially 
in a ?eld Where as comparatively high performance is 
required. 
[0004] An epoxy resin is a typical thermosetting resin and 
is Widely us in many ?elds, such as a casting resin, a coating 
material, adhesives, and an IC package, in addition to a 
matrix resin for a composite material on ground that a cured 
product thereof has excellent in mechanical properties such 
as a ?exural modulus and tensile elongation, a excellent 
heat-resisting property, excellent chemical resistance, and 
small shrinkage by curing, and the like. 

[0005] HoWever, above-mentioned thermosetting resins 
(cured products) Which are represented by an epoxy resin 
and Which are used as a matrix resin of a composite material 
are poor Weatherability because they are unstable against 
light, especially ultraviolet rays, receive a photooxidation 
easily to change color and get deterioration of a gloss and 
mechanical properties. Therefore, they are dif?cult to apply 
for uses Without painting or With transparent paint under 
environment Where it is exposed to ultraviolet rays, such as 
outdoors. 

[0006] HoWever, a ?ber reinforced composite is not only 
excellent in mechanical properties, but it has been attraction 
an attention for some time that it is also Worthy in aesthetics 
since the color and forms (for example, textile texture, and 
the like) of reinforcing ?bers are in sight from the outside 
When a transparent matrix resin is used. Therefore, it has 
been desired that it is used as a structural material With aWn 
aesthetic value Without painting or With transparent painting. 

[0007] HoWever, there has been a problem because color 
ing by ultraviolet rays might spoil aesthetic properties 
greatly in case a conventional thermosetting resin Was used. 
Although there Was actually an example using a ?ber 
reinforced composite material With transparent painting as 
an automobile outer panel and an aerodynamic member, it 
had a Weak point of coloring comparatively for a short 
period of time. 
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[0008] By the Way, a ?ber reinforced composite using an 
acrylate resin (thermoplastic resin) Which is excellent in 
Weatherability although insuf?cient in mechanical properties 
as a matrix resin is already put in practical use as material 
for decorative part for automobile interiors [“Carbon ?ber in 
Japanese Cars”, High-Performance Composites, vol. 7, issue 
3, p. 17 (1999)]. HoWever, an acrylate resin could be used 
only as material for pure decorative part, in spite of excellent 
Weatherability, since it had a loW elastic modulus and a 
composite material thereof had inadequate mechanical prop 
erties (especially a compressive strength, ?exural strength) 
and it is not suitable, for manufacture of a ?ber reinforced 
composite material With a high content of reinforcing ?bers 
because it is a thermoplastic resin. 

[0009] As a method of obtaining a ?ber reinforced com 
posite material having both mechanical properties and 
Weatherability, Japanese, Unexamined Patent. Publication 
No. 2002-105789 discloses a method using a Weatherproof 
matrix resin near the surface and a matrix resin having 
excellent mechanical properties in the remaining portion. 
HoWever, this method has a Weak point that a manufacturing 
process is rather complicated, and a method by Which the 
same performance is obtained by a single matrix resin has 
been desired. 

[0010] Furthermore, an epoxy resin has important appli 
cations requiring Weatherability, such, as a coating material 
and adhesives, other than a matrix resin for composite 
materials, and an epoxy resin having a high Weatherability 
has been desired. 

[0011] In the ?eld of plastics, generally, an ultraviolet 
absorbent, so as a benZotriaZol derivative and a benZophe 
none derivative, is added for improving Weatherability. 
HoWever, as to a typical epoxy resin, addition of an ultra 
violet absorbent has no effect and rather there Was even, a 
case that it increased a color change. Therefore, in the ?eld 
of an epoxy resin, addition of an ultraviolet absorbent has 
scarcely been studied and there has been little information 
about an effective combination of an epoxy resin and an 
ultraviolet absorbent though it Was a general approach of 
Weather-resistance improvement of plastics. 

[0012] There are some attempts to improve Weatherability 
of an epoxy resin With no ultraviolet absorbent added. 

[0013] “Introduction to Epoxy Resin” Written by Soichi 
Muroi and HidekaZu Ishimura (Kobunshikankokai, 1988) 
discloses on page 52, a composition comprising dodecahy 
dro(bisphenol A) diglycidyl ether and Epomate B-002 
(modi?ed amine), and it discloses that a cured product 
thereof is excellent in a gloss retention after exposure to 
light. 

[0014] And Japanese Unexamined Patent Publication No. 
2000-143939 discloses a composition comprising dodecahy 
dro(bisphenol A) diglycidyl ether, a cycloaliphatic epoxy 
resin and a carboxylic anhydride or a cationic initiator, and 
it discloses that a cured product thereof is excellent in a gloss 
retention after exposure to light. 

[0015] HoWever, a cured product of these resin composi 
tions has inferior Weatherability than other Weatherproof 
plastics such as an acrylate resin although it has remarkably 
improved Weatherability regarding gloss retention in com 
parison With an ordinary epoxy resin. And these prior art 
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documents describe nothing about color change, or about 
addition of an ultraviolet absorbent. 

[0016] The present invention aims to provide an epoxy 
resin composition excellent in mechanical properties and 
also in Weatherability, especially With color change after 
exposure to light being small. Furthermore, the present 
invention aims to provide a ?ber reinforced composite 
material excellent in mechanical properties and also in 
Weatherability, especially With color change after exposure 
to light being small, and having an aesthetic properties 
originated in a reinforcing ?ber tissue, by the use of a single 
thermosetting resin. 

DISCLOSURE OF INVENTION 

[0017] The inventors discovered that a speci?c combina 
tion of an epoxy resin and a curing agent had an exceptional 
characteristic that addition of a ultraviolet absorbent to it 
improves its Weatherability remarkably, especially in small 
color change after exposure to light unlike general epoxy 
resins, though the combinations itself is Well-known and 
Widely used, and completed the present invention. 

[0018] Namely, the present invention relates to an epoxy 
resin composition comprising (A) an epoxy resin having a 
cycloalkane ring or a cyclohexene ring but having neither 
aromatic ring nor aminic nitrogen atom, (B) a carboxylic 
anhydride having no aromatic ring, and (C) an ultraviolet, 
absorbent, Wherein a content of component (A) is from 70 
to 100 percents by Weight based on the total Weight of epoxy 
resins, and a contents of component. (B) is from 70 to 100 
percents by Weight based on the total Weight of carboxylic 
anhydrides. 
[0019] And an epoxy resin cured product of the present 
invention is obtained by curing the above-mentioned epoxy 
resin composition, and a ?ber reinforced composite material 
of the present invention comprises reinforcing ?bers and the 
above-mentioned epoxy resin cured product as a matrix 
resin. 

[0020] Furthermore, a ?ber reinforced composite material 
of the present invention comprising reinforcing ?bers and a 
single thermosetting matrix resin, Which has a color differ 
ence AE* ab of not more than 4 in a 1500-hour accelerated 
Weathering test b a sunshine carbon arc light Without paint 
mg. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 shoWs a top plane vieW of a ?ber reinforced 
composite manufacturing apparatus Which has a fracture 
section in part in example 13. 

[0022] FIG. 2 shoWs a sectional draWing of a manufac 
turing apparatus of FIG. 1. 

[0023] FIG. 3 shoWs a top plane vieW of a mold used for 
example 14. 

[0024] FIG. 4 shoWs a con?guration of reinforcing ?bers 
and materials in example 14. 

EXPLANATION OF CODES 

[0025] 1 Aluminum plate 

[0026] 2 Glass ?ber fabric 
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[0027] 3 Carbon ?ber fabric 

[0028] 4 Polyester taffeta 

[0029] 5 Mesh made of plastics 

[0030] 6 Channel made of aluminum 

[0031] 7 Channel made of aluminum 

[0032] 8 Silicone sealant. 

[0033] 9 Film made of nylon. 

[0034] 10 Tube made of polyethylene 

[0035] 11 Tube made of polyethylene 

[0036] A Connection Way to a resin container 

[0037] B Connection Way to a vacuum pump 

[0038] 12 Mold made of iron 

[0039] 13 Inlet 

[0040] 14 Runner 

[0041] 15 Product Side 

[0042] 17 Outlet 

[0043] 18 Silicone sealant 

[0044] 19 Reinforcing ?ber substrate (Carbon ?ber fab 
ric) 

[0045] 20 Peel ply 

[0046] 22 Resin diffusion medium, (Mesh made of 
polypropylene) 

[0047] 22 Film made of nylon 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0048] In the present invention, an epoxy resin means a 
compound Which has tWo or more oxirane rings in a mol 
ecule. And an epoxy resin composition means an uncured 
composition comprising the above-mentioned, epoxy resin. 

[0049] By the Way, as for a conventional epoxy resin 
composition, epoxy resins comprising aromatic rings, rep 
resented by bisphenol A glycidyl ether, Were used abun 
dantly since mechanical properties and heat resistance, of a 
cured product thereof Were excellent. And epoxy resins 
comprising an aminic nitrogen atom, such as bis(4-digly 
cidylaminophenyl)methane or 1,3-bis(glycidylaminometh 
yl)cyclohexane, Were often blended in order to improve heat 
resistance, and mechanical properties further. HoWever, 
structures originating in these epoxy resins, that is, a an 
aromatic ring and a tertiary amine structure, both tend to 
receive a photooxidation and furthermore a aromatic ring 
has a large absorbance of ultraviolet rays, and therefore, 
generally, a content of an epoxy resin comprising at least one 
of an aromatic ring and an aminic nitrogen atom is prefer 
ably small and it is more preferable not to contain it. 
Speci?cally, a content of an epoxy resin comprising at least 
one of an aromatic ring and an aminic nitrogen atom is 
preferably not more than 3 percents by Weight and more 
preferably not more than 1 percent by Weight based on the 
Weight of an epoxy resin composition. 

[0050] HoWever, a structure derived from epoxy resins 
Which do not comprise an aromatic ring or an aminic 
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nitrogen atom does not receive a photooxidation easily In 
order to implement mechanical properties and heat resis 
tance Without an aromatic ring or an aminic nitrogen atom, 
it is necessary to use an epoxy resin Which comprises a 
cycloalkane ring (speci?cally, a cyclohexane ring, a cyclo 
pentane ring, and the like) or a cycloalkene ring (speci?cally, 
cyclohexene ring, and the like) in a molecule. For this 
reason, an epoxy resin composition of the present invention 
is required to comprise an epoxy resin having a cycloalkane 
ring or a cycloalkene ring but having neither aromatic ring 
nor aminic nitrogen atom as an essential component In 

addition, the component (A) may be either a single com 
pound or a mixture of tWo or more compounds. 

[0051] Typical examples of an epoxy resin used as the 
component (A) include the folloWing three kinds: 

[0052] (A-1) An epoxy resin Which has a 1,2-epoxy 
cyclohexane ring or a 1,2-epoxycyclopentane ring 
(the so-called cycloaliphatic epoxy resin) 

[0053] (A-2) Glycidyl ether of an aliphatic polyol 
Which has a cycloalkane ring or a cycloalkene ring 

[0054] (A-3) Glycidyl ester of an aliphatic polycar 
boxylic acid Which has a cycloalkane ring or a 
cycloalkene ring 

[0055] Although each of these is used preferably, espe 
cially an epoxy resin (A-l) is the most effective to improve 
mechanical properties and heat resistance of a cured product 
thereof, and it is preferable that an epoxy resin (A-1) 
occupies from 50 to 100 percents by Weight based on the 
Weight of the component 

[0056] Examples of an epoxy resin (A-1) include the 
folloWings: 

[0057] 4-vinylcyclohexene dioxide (formula 1), 
(1) 

o 

[0058] dipentene dioxide (formula 2), 

CH 3 
O 

0 

CH3 

[0059] 3,4-epoxycyclohexylmethyl 3,4-epoxycyclo 
hexanecarboxylate (formula 3), 

(3) 
o 
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[0060] bis(3,4-epoxycyclohexylmethyl)adipate (for 
mula 4), 

(4) 

Q 0 O W 
O 

O 
O 0 AC) 

[0061] dicyclopentadiene dioxide (formula 5), 

(5) 

[0062] bis(2,3-epoxycyclopentyl)ether (formula 6), 

[0063] and an oligomer of 4-vinylcylohexene dioxide 
(formula 7). 

DEC 
- “n 

(6) 

(7) 

[0064] Examples of an epoxy resin (A-2) include the 
folloWings: 

[0065] dodecahydrobisphenol A diglycidyl either 
(formula 8), 

(8) 

CH3 

CH3 

[0066] dodecahydrobisphenol F diglycidyl ether (for 
mula 9), 

9) 
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[0067] and 1,4-cyclohexanedimethanol diglycidyl 
ether (formula 10). 

O O 

[0068] Examples of an epoxy resin (A-3) include the 
followings: 

(10) 

[0069] diglycidyl hexahydrophthalate (formula 11), 

(11) 
0 

off} 
[0070] diglycidyl hexahydroterephthalate (formula 

12), 

(12) 

WFO>/_< HOWW 
O O O O 

[0071] and a digital ester of dimer acid. 

[0072] An epoxy resin composition of the present inven 
tion may comprise an epoxy resin having neither aromatic 
ring nor aminic nitrogen atom nor cycloalkane ring nor 
cycloalkene ring as an optional ingredient. Examples of such 
epoxy resins include ethylene glycol diglycidyl ether, pro 
pylene glycol diglycidyl ether, 1,4-butanediol glycidyl ether, 
1,6-hexanediol diglycidyl ether, neopentylene glycol digly 
cidyl ether, glycerol polyglycidyl ether, diglycerol polygly 
cidyl either, trimethylolpropane polyglycidyl ether, sorbitol 
polyglycidyl ether, and 1,4-bis(2-oxiranyl)butane. 

[0073] And an epoxy resin composition of the present 
invention may comprise a monoepoxy compound (an epoxy 
compound comprising only one oxirane ring) having neither 
aromatic ring nor aminic nitrogen atom as an optional 
ingredient. Examples of such epoxy compounds include 
4-tert-butyl glycidyl ether, butyl glycidyl ether, l-butene 
oxide, 1,2-epoxy-4-vinylcyclohexane, and the like. 

[0074] Although an epoxy resin composition of the 
present invention can comprise an epoxy compound other 
than the component (A) as mentioned above, it is preferable 
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that the component (A) occupies from 70 to 100 percents by 
Weight based on the total Weight off all the epoxy com 
pounds. Therefore, the ratio of the optional ingredient men 
tioned above in all the epoxy compounds Will be in the range 
of from, 30 to 0 percents by Weight remaining. It is more 
preferable that the component (A) occupies from 90 to 100 
percent&s by Weight based on the total Weight of all the 
epoxy compounds comprised in the composition. 

[0075] A glycidyl ether type epoxy compound comprising 
an epoxy resin (A-2) and a glycidyl ester type epoxy 
compound comprising an epoxy resin (A-3) may sometimes 
include an impurity having a carbon chlorine bond, speci? 
cally 3-chloro-2-hydroxypropyl ether, 2,3-dichloropropyl 
ether, 3-chloro-2-hydroxypropyl ester, 2,3-dichloropropyl 
ester, and the like. Acarbon chlorine bond is a bond sensitive 
to light as knoWn Well, and it is preferable to use an epoxy 
compound Which contains as small amount of these impu 
rities as possible. On the other hand, an epoxy resin (A-1) 
has little impurity having a carbon chlorine bond, and 
therefore, it is preferable also from this point of vieW. 

[0076] A chlorine atom Which makes such a carbon chlo 
rine bond is called hydrolyZable chlorine, and in the present 
invention a content oaf hydrolyZable chlorine Which exists 
in the composition is preferable to be not more than 1000 
ppm by selecting raW material of high purity. 

[0077] Apolyamine, a polyphenol, a polymercaptan, or a 
carboxylic anhydride is commonly used as a curing agent of 
an epoxy resin. 

[0078] HoWever, a polyamine contains aminic nitrogen 
atoms Which are easy to oxidiZe, a polyphenol brings phenyl 
ether structures Which are easy to oxidiZe to the cured 
product above all among aromatic compounds, and poly 
mercaptan brings sul?de bonds Which is easy to oxidiZe to 
a cured product, and therefore, each of these is disadvanta 
geous in regards to Weatherability. 

[0079] Generally both a carboxylic anhydride having an 
aromatic ring and a carboxylic anhydride having no aro 
matic ring are used as a curing agent of an epoxy resin. 
HoWever, to use a carboxylic anhydride having an aromatic 
ring has a bad in?uence in Weatherability since an ultraviolet 
absorbance of the cured product is large. There is no 
problem in case of a carboxylic anhydride having no aro 
matic ring. Theoretically, it is expected that there is a bad 
in?uence upon Weatherability if an aminic nitrogen atom is 
contained in a carboxylic anhydride. HoWever, there is no 
problem here since a carboxylic anhydride used usually as a 
curing agent of an epoxy resin does not contain a nitrogen 
atom. Therefore, it is essential that an epoxy resin compo 
sition of the present invention comprises a carboxylic anhy 
dride having no aromatic ring Which is the component (B) as 
a curing agent. 

[0080] Furthermore, as Well as a case of an epoxy resin, it 
is effective to use a carboxylic anhydride having a cycloal 
kane ring or a cycloalkene ring in order to improve a heat 
resistance and mechanical properties of the cured product. 
Examples of carboxylic anhydride having such a cycloal 
kane ring include the folloWings: 
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[0081] heXahydrophthalic anhydride (formula 13), 

O 

O 

[0082] 
14), 

0 
CH3 
\ 

o 

o 

[0083] 

(13) 

methylheXahydrophthalic anhydride (formula 

(14) 

methyldihydronadic anhydride (formula 15), 

0 
CH3 
\ 

O 

O 

[0084] and cyclopentanetetracarboXylic dianhydride 
(formula 16). 

O O 

O? Q [0 
O O 

[0085] Examples of carboXylic: anhydride having a 
cycloalkene ring include the followings: 

(15) 

(16) 

[0086] 1,2,3,6-tetrahydrophthalic anhydride, (for 
mula 17), 

O 

E0 
O 

(17) 
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[0087] methyl-1,2,3,6-tetrahydrophthalic anhydride 
(formula 18), 

(18) 
0 

CH3 
\ 

| o 

o 

[0088] nadic anhydride (formula 19), 

(19) 

O: O 

[0089] methylnadic anhydride (formula 20), 

(20) 
0 

CH3 
\ 

| o 

O 

[0090] bicyclo[-2.2.2]oct-7-ene-2,3,5,6-tetracar 
boXylic dianhydride (formula 21), 

(21) 

0i :0,‘ :0 O O O 

[0091] and 4-(2,5-dioXotetrahydrofuran-3-yl)-3-me 
thyl-1,2,5,6-tetrahydrophthalic anhydride (formula 
22). 

(22) 
CH3 

0: :0: :0 O O O 

[0092] An epoxy resin composition of the present inven 
tion may comprise a carboXylic anhydride having neither 
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aromatic ring nor cycloalkane ring nor cycloalkene ring as 
an optional ingredient. Examples of such carboxylic anhy 
dride include succinic anhydride, 2-alkylsuccinic acid, and 
2-alkenylsuccinic acid. 

[0093] In an epoxy resin composition of the present inven 
tion, it is preferable that a carboxylic anhydride of the 
component (B) occupies from 70 to 100 percents by Weight 
based on the total Weight of all kinds of carboxylic anhy 
dride. It is more preferable that a carboxylic anhydride of the 
component (B) occupies from 90 to 100 percents by Weight 
based on the total Weight of all kinds of carboxylic anhy 
dride. 

[0094] In a resin composition of the present invention, a 
ratio of the number of moles of epoxy groups and the 
number of moles of carboxylic anhydride groups in one 
kilogram of the composition (stoichiometric ratio) is pref 
erably from 35:65 to 80:20. If the ratio of the number of 
moles of epoxy groups is too small, a sufficient crosslinking 
structure Will not be formed, and neither heat resistance nor 
mechanical properties Will be obtained. On the other hand, 
When the ratio of the number of moles of epoxy groups is 
large, formation of crosslinking structure is possible since 
epoxy groups are capable of homopolymeriZation. HoWever, 
When the ratio of the number of moles of epoxy resins is too 
large, there are possibilities that curing velocity may become 
sloW and that the cured product may become brittle, and 
therefore the ratio of the number of moles of epoxy groups 
is preferably Within the range mentioned above. Generally, 
addition of ultraviolet absorbent is knoWn as a procedure of 
preventing degradation by ultraviolet radiation of plastics. 
HoWever, in conventional epoxy resins, even if an ultraviolet 
absorbent is added as stated above, degradation by ultravio 
let radiation, especially coloring, has not been improved, but 
sometimes it becomes Worse on the contrary. 

[0095] HoWever, the inventors found that addition of an 
ultraviolet absorbent to an epoxy resin comprising the 
component (A) and the component (B) of the present 
invention has a remarkable improvement effect. Therefore, 
an epoxy resin composition of the present invention employs 
an ultraviolet absorbent as the component 

[0096] Examples of ultraviolet absorbent include com 
pounds such, as phenylsalicylate type, benZophenone type, 
benZotriaZol type, and acrylate type, and in the present 
invention, a benZotriaZol type ultraviolet absorbent is the 
most preferable since stabiliZing effect on color change is 
large. A benZophenone type ultraviolet absorbent is next 
preferable. 

[0097] AbenZotriaZol type ultraviolet absorbent is a group 
of compounds Which have a skeleton of 2-(2-hydroxyphe 
nyl)-2H-benZotriaZol, and examples thereof include the fol 
loWings: 

[0098] 2-(3tert-butyl-2-hydroxy-5-methylphenyl) 
2H-benZotriaZol (formula 23), 

(23) 

HO 

CH3 
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[0099] 2-(3,5-di-tert-butyl-2-hydroxyphenyl)-2H 
benZotriaZol (formula 24), 

[0100] 2-(2-hydroxy-3,5-di-tert-pentylphenyl)-2H 
benZotriaZol (formula 25 ), 

(24) 

(25) 

HO 

/N\ 
N 

\ / 
N 

- , - 1s ot,ot- 1met y enZy - - y rox 0101 235b' d' hlb l2hd 
yphenyl)-2H-benZotriaZol (formula 26), 

(26) 

[0102] 2,2‘-methylenebis[6-(2H-benZotriaZol-2-yl) 
4-(1,1,3,3-tetramethylbutylphenol] (formula 27), 

(27) 
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[0103] 2-(2-hydroXy-5-methyl-3-(3,4,5,6-tetrahydro- [0107] and 2-(2-hydroXy-5-tert-octylphenyl)-2H 
phthalimide methyl)phenyl)-2H-benZotriaZol (for- benZOtriaZOl (formula 32). 
mula 28), 

H0 
(28) 

O 

HO N \ N/ 

N O 
\ / 

N 

cH3 [0108] A benZophenone type ultraviolet absorbent is a 
group of compounds Which have a skeleton of 2-hydroXy 
benZophenone, and examples thereof include the followings: 

[0109] 2,4-dihydroXybenZophenone (formula 33), 

(32) 

[0104] 2-(3-tert-butyl-2-hydroXy-5-methylphenyl) 
5-chloro-2H-benZotriaZol (formula 29), 

(33) 
O OH 

(30) 

HO 

N 
\ / 

C1 N [0110] 2-hydroXy-4-methoXybenZophenone (formula 
cH3 34 ), 

(34) 
O OH 

[0105] 5-chloro-2-(3,5-di-tert-butyl-2-hydroXyphe 
nylphenyl)-2H-benZotriaZol (formula 30), 

(3O) OCH3 

H0 
[0111] 4-octyloXy-2-hydroXybenZophenone (formula 

N 
\ / 

Cl N (35) 
O OH 

O(CH2)7CH3 
[0106] 2-(2-hydroXy-5-methylphenyl)-2H-benZotria 

ZOl formula 31 , 
( ) [0112] 4-dodecyloXy-2-hydroXybenZophenone (for 

mula 36), 
(31) 

H0 

36 

/N\ O OH ( ) 
N 

\ / 
N 

CH3 
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[0113] 4-benZyloxy-2-hydroxybenZophenone (for 
mula 37), 

(37) 

[0114] 2,2‘,4,4‘-tetrahydroxybenZophenone (formula 
38), 

(38) 
OH O OH 

HO OH 

[0115] and 2,2‘-dihydroxy-4,4‘-dimethoxybenZophe 
none (formula 39). 

(39) 
OH O OH 

CH3O OcH3 

[0116] In an epoxy resin composition of the present inven 
tion, an amount of addition of the above-mentioned ultra 
violet absorbent is preferably from 0.01 to 1.0 percents by 
Weight and more preferably from 0.01 to 0.5 percents by 
Weight based on the total Weight of the component (A) and 
the component It is because enough Weatherability Will 
not be obtained if the amount of addition of ultraviolet 
absorbent is too small, and because there is a possibility that 
coloring of the obtained epoxy resin cured product may be 
conspicuous since an ultraviolet absorbent itself has a slight 
color and that the heat resistance of the epoxy resin may 
decrease according to plasticiZation effect if the amount of 
addition of ultraviolet absorbent is too large 

[0117] When effect of various kinds of ultraviolet absor 
bents Was compared in detail, it turned out that there is a 
correlation betWeen the spectral characteristic and the 
Weatherproof improvement effect of an ultraviolet absorbent 
and that mostly good Weatherability is shoWn, although 
there are a feW exception, When an ultraviolet absorbent 
having a molecular extinction coefficient in 380 nanometers 
of not less than 5.0><102 is used. HoWever, a too large 
molecular extinction coefficient in 380 nanometers is not 
preferable because color of an ultraviolet absorbent itself 
becomes strong. Therefore, in the present invention, it is 
preferable to use an ultraviolet absorbent having a molecular 
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extinction coefficient in 380 nanometers of from 5.0><102 to 
2.0><104. A molecular extinction coefficient mentioned 
above is a value obtained by dividing an absorbance at 
one-centimeter optical path length of solution by a molar 
concentration. As for a molecular extinction coefficient of an 
ultraviolet absorbent, the value measured at 25 degrees 
Celsius in chloroform shall be used. 

[0118] Curing reaction of epoxy resign and carboxylic 
anhydride requires comparatively high temperature as it is. 
Some technology enabling to cure at loWer temperature by 
adding a cure accelerator is knoWn in order to adapt various 
uses. HoWever, if an unsuitable one is used as a cure 

accelerator, stability against ultraviolet rays Will fall. 

[0119] As a cure accelerator not to reduce stability against 
ultraviolet rays, the inventors found out the folloWing com 
ponents (D) and An epoxy resin composition of the 
present invention can comprise either or both of components 
(D) and as optional components. 

[0120] Component (D): ImidaZole compound 

[0121] Component Polyol having neither aromatic 
ring nor aminic nitrogen atom 

[0122] Preferable examples of component (D) include 
1-methylimidaZole, 2-methylimidaZole, 4-methylimidaZole, 
1,2-dimethylimidaZole, 2-ethylimidaZole, 2-isopropylimida 
Zole, 2-ethyl-1-methylimidaZole, 2-ethyl-4-methylimida 
Zole, 2-undecylimidaZole, 2-heptadecylimidaZole, and 
1-isobutyl-2-methylimidaZole. 
[0123] The amount of addition of these imidaZole com 
pounds is preferably not more than 3.0 percents by Weight 

based on the total Weight of component and component When the amount of addition is more than 3.0 percents by 

Weight, preservation stability of epoxy resin composition 
Will reduce undesirably. 

[0124] Preferable examples of component include 
ethylene glycol, diethylene glycol, propylene glycol, dipro 
pylene glycol, 1,3-propanediol, 1,2-butanediol, 1,4-butane 
diol, neopentylene glycol, glycerol, trimethylolpropane, 1,4 
cyclohexanediol, 1,4-cyclohexanedimethanol, 
dodecahydrobisphenol A, dodecahydrobisphenol F, ethylene 
oxide addition product of dodecahydrobisphenol A, and 
propylene oxide addition product of dodecahydrobisphenol 
A. 

[0125] The amount of addition of polyol having neither 
aromatic ring nor aminic nitrogen atom is preferably not 
more than 10.0 percents by Weight based on the total Weight 
of component (A) and component If the amount of 
addition is more than 10.0 percents by Weight, preservation 
stability of the epoxy resin composition Will reduce unde 
sirably. 

[0126] An epoxy resin composition of the present inven 
tion can be further blended With dye, organic or inorganic 
particles (pigment, ?lter, thixotropic agent conductive par 
ticle, and the like), staple ?ber, surfactant, a macromolecular 
compound such as poly(methyl acrylate), and the like. 

[0127] There are a method using outdoor exposure and a 
method using a commercial Weatherometer as a method of 
evaluating Weatherability of an epoxy resin cured product. 
Examples of a Weatherometer include test machines using a 
carbon arc light, a xenon lamp, a metaling lamp, and the like 
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as a light source. A method using a Weatherometer is 
excellent in a short measurement time and good reproduc 
ibility. 

[0128] In a Weatherometer test using as a light source a 
metaling lamp Which can be evaluated comparatively in a 
short time, color difference AE*ab Which is quantitative 
index of color change after performing a 100-hour Weath 
erometer test for a board With a thickness of 2 millimeters 
for a current product of epoxy resin composition of the 
present invention is preferably not more than 5 and more 
preferably not more than 3. Herein, conditions of the Weath 
erometer test using a metaling lamp as a light source are 
de?ned as folloWs Illumination is 2 kW/m2. One cycle 
consisting of exposure for 12 minutes With spraying of Water 
on conditions of black panel temperature of 63 degrees 
Celsius and relative humidity of 98 percents and exposure 
for 48 minutes Without spraying of Water on conditions of 
black panel temperature of 63 degrees Celsius and relative 
humidity of 50 percents is repeated 100 times (namely, 100 
hours). Color difference AE*ab is measured as folloWs. 
Colorimetry by transmitted light is performed at C light 
source and angle of ?elds of 2 degrees about a sample before 
a Weatherometer test and a sample after the test, and 
colorimetric value by CIE 1976 L*a*b* color system is 
calculated. When colorimetric value before an accelerated 
Weathering test is represented by (L*1, a*1, b*1) and colo 
rimetry value after the test is represented by (L*2, a*2, b*2), 
color difference resulted from the accelerated Weathering 
test is obtained by the folloWing formula: 

[0129] A?ber reinforced composite material of the present 
inventions comprises reinforcing ?bers and a single ther 
mosetting matrix resin, and has color difference AE*ab of 
not more than 4 in a 1500-hour Weatherometer test by a 
sunshine carbon arc light Without painting, and it can be 
implemented by using a cured product of above-mentioned 
epoxy resin composition as a matrix resin. 

[0130] Carbon ?bers, glass ?bers, aramid ?bers, silicon 
nitride ?bers, boron ?bers, and metal ?bers are used pref 
erably as reinforcing ?bers used for a ?ber reinforced 
composite material of the present invention. And ?bers With 
gloss or thin ?lm interference color With a thin ?lm of metal 
or the like on the surface thereof by processing a vapor 
deposition, a sputtering, an ion plating, CVD, non-electro 
lytic plating, electrolytic plating, or the like on transparent 
reinforcing ?bers, such as glass ?bers or aramid ?bers can 
also be used. Among these, carbon ?bers are the most 
preferable since they are suitable to obtain a ?ber reinforced 
composite material excellent in speci?c strength, speci?c 
modulus and other mechanical properties. 

[0131] It is also possible to use tWo or more kinds of 
reinforcing ?bers, and a combination of tWo or more kinds 
of reinforcing ?bers having different color or gloss can 
improve aesthetic properties. And ?bers except above-men 
tioned preferable reinforcing ?bers may be combined. Spe 
ci?cally, examples thereof include a combination of dyed 
synthetic or natural ?bers, or synthetic ?bers colored by 
pigment compounding in order to improve a decorative 
design. 

[0132] These reinforcing ?bers can be used after pro 
cessed into forms such as Woven, knitted, braided or the like. 
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In such a case, the fabric (for example, plain Weave, tWill 
Weave, satin Weave, and the like) can be chosen in consid 
eration of design effect, and it is also possible to express 
characters, pictures, and the like by the fabric. 

[0133] As a method of combining tWo or more kinds of 
?bers, there are a method of using different kinds of ?bers 
as Warp and Woof of Woven fabric, a method of using tWo 
or more kinds of ?bers as Warp or Woof of Woven fabric, a 
method of laminating tWo or mere kinds of substrates 
consisting of different kinds of ?bers, and the like. 

[0134] A ?ber reinforced composite of the present inven 
tion can be obtained by heating to cure after impregnating 
above-mentioned reinforcing ?ber With above-mentioned 
Weatherproof epoxy resin composition. Generally a glass 
transition temperature of a cured product of a thermosetting 
resin correlates With a molecular structure and a curing 
temperature, and in the case off a thermosetting resin having 
a suitable molecular structure, the higher a curing tempera 
ture is, the higher a glass transition temperature of the cured 
product is. A glass transition temperature of a matrix is 
correlated With heat resistance regarding mechanical prop 
erties of a ?ber reinforced composite material, that is, 
characteristic to retain mechanical properties even at an 
elevated temperature, and is preferably not less than 90 
degrees Celsius. In manufacture of a ?ber reinforced com 
posite of the present invention, it is preferable to cure at a 
temperature of not less than 80 degrees Celsius in order to 
make the matrix have a glass transition temperature of not 
less than 90 degrees Celsius. A curing time is usually from 
10minutes to 3 hours. 

[0135] Sometimes a matrix resin is cured partially at a 
certain temperature (precuring), and thereafter is cured at, a 
higher temperature again (aftercuring). Since it is the after 
curing temperature that in?uences a glass transition tem 
perature of the cured product the aftercuring temperature is 
preferably not less than 80 degrees Celsius When curing in 
such a process. 

[0136] As a process for preparing a ?ber reinforced com 
posite of the present invention, each Well-knoWn method, 
such as a hand layup method, a prepreg method, the RTM 
method, a pultrusion method, a ?lament Winding method, 
and a spray up method, can be used preferably. An RTM 
method Which is one of preferable preparing processes is a 
method of injecting a liquid thermosetting resin into a 
reinforcing ?ber substrate placed in a mold and curing to 
obtain a ?ber reinforced composite. 

[0137] As a reinforcing ?ber substrate, Woven fabric, knit, 
mat, braid, or the like Which consists of reinforcing ?bers 
may be used as it is, or a preform obtained by laminating 
these substrates to give a shape and ?xing the shape With 
means of binder, stitch, or the like may be used, too. 

[0138] As a mold, a closed mold made of rigid material 
may be used, or a method using a rigid single-sided mold 
and a ?exible ?lm (bag) can be used, too. In the latter case, 
a reinforcing ?ber substrate is placed betWeen the rigid 
single-sided mold and the ?exible ?lm. Various kinds of 
existing materials, such as metal (iron, steel, aluminum, and 
the like), FRP, Wood gypsum, and the like, are used as 
material of a rigid mold. A ?lm of nylon, ?uororesin, 
silicone resin, or the like is used as a ?exible ?lm. 

[0139] When using a rigid closed mold, usually the mold 
is clamped by pressure, and a liquid epoxy resin composition 
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is injected into the mold by pressurization. At this time, it 
may be equipped With a suction port, connected to a vacuum 
pump to suck, apart from an inlet. It is also possible to suck 
and port a liquid epoxy resin only by atmospheric pressure 
Without using special pressuriZing means. 

[0140] When using a rigid single-sided mold and a ?exible 
?lm, suction and injection by atmospheric pressure are 
usually used. It is effective to use a resin distribution 
medium as shoWn in; the Us. Pat. No. 4,902,215 in order to 
achieve good impregnation by injection by atmospheric 
pressure. And it is also possible to obtain a composite united 
With a foam core, a honeycomb core, metal parts, or the like 
by placing it or them in addition to a reinforcing ?ber 
substrate in the mold. Especially a sandWich structure prod 
uct obtained by placing a carbon ?ber substrate on both sides 
of a foam core and by molding has a light Weight and a large 
?exural rigidity, and therefore it is useful as material of an 
outer panel of for example, an automobile, an airplane, and 
the liked. Furthermore, it is sometimes preferable to apply 
the beloW-mentioned gelcoat on the surface of rigid mold in 
advance of placing a reinforcing ?lm substrate. 

[0141] Viscosity of a liquid epoxy resin composition at the 
temperature of the mold at the time of resin injection is 
preferably Within the range of from 10 to 1000 mPa.s in 
either case of using a closed mold and using a single-sided 
mold. When the viscosity is too high, it takes to much time 
to impregnate and there is a possibility that productivity may 
decrease. And there is a possibility that impregnation may be 
poor both When the viscosity is too loW and When it is too 
high. 

[0142] After resin injection is completed, it is heated to 
cure by the use of a suitable heating means and is demolded. 
As mentioned above, it may be also post cured after demold 
ing if needed. 

[0143] AWeatherometer test of a ?ber reinforced compos 
ite of the present invention can be an outdoor exposure and 
Weatherometer test as Well as a case of a resin cured product, 

and although the same Weatherometer test can be used, 
methods using a carbon arc as a light source are often used 

in a ?eld of automobile, architecture, and the like. Speci? 
cally, it is performed by making a 1500-hour test by a 
sunshine carbon arc light type test carried in JIS K5400 
1990 (corresponding to ISO 4892-4:1994), and ?nding a 
surface color difference betWeen before the test and after the 
test. 

[0144] Acolor difference AE*ab is measured as folloWs. A 
colorimetry is performed by a re?ected light With C light 
source and an angle of visibility of 2 degrees about a sample 
before making a Weatherometer test and a sample after the 
test, and ?nding a colorimetric value by CIE 1976 color 
system. A color difference AE*ab resulting from a Weath 
erometer test is obtained by the folloWing equation: 

[0145] Wherein L*1, a*1, and b*1 are colorimetric values 
before making a Weatherometer test, and L*2, a*2, and b*2 
are colorimetric values after the test. 

[0146] The above-mentioned color difference betWeen 
before test and after test AE* ab is required to be not more 
than 4, and is preferred to be not more than 3 since the 
change of color tone is less noticeable. 
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[0147] AWeatherometer test of a ?ber reinforced compos 
ite material of the present invention may also be made by the 
use of a Weatherometer using a metaling lamp as a light 
source. This evaluation method is useful When evaluating 
rough Weatherability for a short time. In this case, preferable 
test conditions are the same as those of Weatherability 
evaluation of a resin cured product. HoWever, conditions of 
measurement of color difference are the same as those of the 
above-mentioned test of a ?ber reinforced composite mate 
rial using a carbon arc light type testing machine. In this 
case, the above-mentioned color difference before test and 
after test AE*ab is preferred to be not more than 4, and is 
more-preferred to be not more than 3. 

[0148] An elastic modulus of a matrix resin of a ?ber 
reinforced composite material correlates With mechanical 
properties, compressive strength, ?exural strength, tensile 
strength, and the like of a ?ber reinforced composite mate 
rial. Therefore, a room temperature ?exural modulus of a 
?ber reinforced composite material of the present invention 
is preferably not less than 2.9 GPa and is more preferably not 
less than 3.1 GPa. A room temperature ?exural modulus of 
a thermosetting matrix resin of a ?ber reinforced composite 
of the present invention is obtained by taking as ?exural 
measurement according to the method carried in JIS K7203 
of a sample obtained by injecting a used thermosetting 
matrix resin into a mold With a cavity having a thickness of 
2 millimeters, curing by providing the same heat history as 
molding of a ?ber reinforced composite, and cutting into a 
rectangle. 
[0149] A glass transition temperature of a thermosetting 
matrix resin of a ?ber reinforced composite of the present 
invention is obtained by a differential scanning colorimetric 
analysis of a small piece of the ?ber reinforced composite. 

[0150] A matrix needs to be transparent in order to obtain 
a ?ber reinforced composite material Whose reinforcing ?ber 
tissue is visible. Because a cured product of an epoxy 
composition consisting only of components (A), (B), and 
(C) is transparent in most cases, if only blending of an 
additives Which spoils transparency, for example, blending 
of a large quantity of pigments or inorganic ?llers, is 
avoided, a cured product of a resin composition of the 
present invention is transparent and is suitable for a matrix 
of a ?ber reinforced composite material Whose reinforcing 
?ber tissue is visible. Furthermore, a ?ber reinforced com 
posite of the present invention may have a structure Where 
a transparent resin layer is applied on the designed surface. 
Herein, a designed surface means, among the surfaces of a 
?ber reinforced composite, a surface Which is observable in 
a manner of ordinary use and requires a beautiful spectacle. 
Adesigned surface needs Weatherability since it is put under 
an environment Where it is exposed to a natural light in many 
cases. In case of a plate-shaped ?ber reinforced composite, 
there are both cases that the surface of only one side 
corresponds to it and that the surfaces of the both sides 
correspond to it, but in case of an outside plate of a machine, 
usually the surface of only one side corresponds to it. In case 
of a holloW, namely tube-shaped, or box-shaped ?ber rein 
forced composite, the outside surface usually corresponds to 
a designed surface. In case of a solid, for example a 
bar-shaped, ?ber reinforced composite, the Whole surface 
usually corresponds to a designed surface. 

[0151] One of methods of providing a transparent resin 
layer on a designed surface is coating by a transparent paint. 
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And another practicable method is to apply a transparent 
gelcoat to a mold When molding by an RTM method, a hand 
lay up method, a spray up method, or the like. Further 
another practicable methods is to laminate a ?lm of ther 
moplastic resin or thermosetting resin on the surface. A 
plurality of these transparent resin layers may be applied. 
Examples of a method of applying a plurality of transparent 
resin layers include to use a gelcoat and a transparent coating 
together, to apply a transparent coating consisting of tWo or 
more layers, and the like. Adecorative design can be further 
improved by adding colorants such as dye and pigment, 
metal poWders, scaly ?llers, and the like to a transparent 
resin layer applied on a designed surface in the range of not 
spoiling such transparency that reinforcing ?bers are visible. 
Although a transparent resin layer applied on a designed 
surface must have eXcellent Weatherability needless to say, 
all the knoWn Weatherproof materials can be used for it 
because special mechanical properties are not required. In 
case of applying a transparent resin layer on a designed 
surface, Weatherability in the state that a transparent resin 
layer is applied is of course essential. It is evaluated by 
making a 1500-hour test about the outside surface by a 
sunshine carbon arc light type test carried in JIS K5400 
1990 (corresponding to ISO 4892-4: 1994) and ?nding the 
difference of color of the outer surface betWeen before test 
and after test. It is preferable that AE* ab is not more than 4, 
and it is more preferably that the color difference is not more 
than 3. 

[0152] On the other hand, When evaluating Weatherability 
of a ?ber reinforced composite of a substrate of a ?ber 
reinforced composite With a transparent resin layer applied 
on a designed surface, if there is an almost ?at surface 
Without a transparent resin layer, you should evaluate Weath 
erability of that surface, and if not, you should remove, a 
transparent resin layer by solvent exfoliation or polishing 
and evaluate Weatherability of the resulting surface. 

[0153] An epoXy resin composition of the present inven 
tion is used suitably as a coating material and adhesives 
Which are used outdoors since it eXcels in Weatherability. On 
the other hand, a conventional epoXy resin coating has been 
given Weatherability by adding a large quantity of pigment 
or ?ller. According to the present invention, a transparent 
epoXy resin coating can be obtained and it is useful. When 
using an epoXy resin composition of the present invention as 
a coating material or adhesives, it is used in a method of 
applying a non-solvent composition and thereafter heating to 
cure it, or in a method of applying a solution of an epoXy 
resin composition of the present invention and thereafter 
vaporiZing the solvent and heating to cure it. 

[0154] When using an epoXy resin composition of the 
present invention for casting, a cast is obtained by injecting 
a non-solvent composition into a mold and heating to cure. 

[0155] An epoXy resin composition of the present inven 
tion can be suitably used as a matriX of a ?ber reinforced 
composite material since it eXcels in mechanical properties 
or heat resistance of a cured product thereof. 

[0156] A ?ber reinforced composite material requiring a 
designed surface requires a high-level surface ?atness and 
smoothness and image clarity of the designed surface. In 
order to satisfy these requirements, precise polishing of a 
mold, and appropriate selecting and applying of a gelcoat 
and a coating material are necessary. As to the surface 
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?atness and smoothness of a designed surface of a ?ber 
reinforced composite material of the present invention, an 
average-of-roughness-height Ra obtained by taking a sur 
face roughness measurement in conformity With JIS B 0601 
(corresponding to: ISO 468:1982) is preferably from 0.05 to 
2.0 micrometers, and is more preferably from 0.05 to 1.3 
micrometers. A maXimum height Ry obtained by taking the 
same surface roughness measurement is preferably in the 
range of from 0.1 to 5.0 micrometers, and is more preferably 
in the range of from 0.1 to 3.0 micrometers. If Ra or Ry is 
larger than the above-mentioned range, a roughness Will be 
conspicuous in an appearance or a touch. Even if Ra or Ry 
is smaller than the above-mentioned range, it is satisfactory 
in appearance, but if the roughness is too small, there Will be 
a possibility that processing cost may be high or a yield may 
be small, and therefore the above-mentioned range is pref 
erable practically. As for image clarity of a designed surface 
of a ?ber reinforced. composite material of the present 
invention, a value of NSIC obtained by measuring in con 
formity With ASTM D5767 is preferably in the range of from 
30 to 80 percents, and is more preferably in the range of 
from 40 to 70 percents. NSIC takes a value of from 0 to 100 
percents, and a value of 100 percents is that of an ideal 
mirror plane Without distortion of an image. Therefore, 
When aiming a ?at and smooth designed surface, it is not 
preferable that a value of NSIC is smaller than the above 
mentioned range since distortion of an image re?ected on 
the designed surface is large and an esthetic impression is 
spoiled. And if a value of NSIC is larger than the above 
mentioned range, a surrounding scene Will be re?ected just 
like a mirror and this is not favored, either. 

[0157] A ?ber reinforced composite material having a 
designed surface requires that the designed surface should 
have suf?cient hardness. Because a cured product of an 
epoXy resin composition of the present invention has suf? 
cient hardness, it is mostly satisfactory When applying 
neither painting nor gelcoating, but When applying painting 
or gelcoating, it is necessary to choose the characteristics of 
paint or gelcoat appropriately. A pencil hardness of a 
designed surface of a ?ber reinforced composite material of 
the present invention, Which is measured in conformity With 
JIS K 5600-4 (corresponding to ISO 15184:1996), is pref 
erably F or above. If the pencil hardness is less than F, there 
is a possibility that the designed surface may be blemished 
at the time of Washing. 

[0158] Since a ?ber reinforced composite of the present 
invention is eXcellent in both decorative design and 
mechanical properties, it can be used for all the applications 
in Which it is observable and requires predetermined 
mechanical properties. For eXample, it can be used suitably 
for a member of sporting goods, such as a golf club, a tennis 
racket, a badminton racket, a hockey stick, a ski stock, a ski 
plate, a snoWboard, a skateboard, a surfboard, a ?shing rod, 
and the like, and for a member of a vehicle With designed 
surfaces, such as an aircraft, a spacecraft, a railroad car, an 

automobile (a passenger car, a racing car, a bus, a van, a 
Wagon, a truck, a trailer, and the like), a motor bicycle, a 
ship, a roWboat, a sailboat, a bicycle and the like, and further 
for a member of a bathtub or a housing of an electronic 

apparatus. 
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[0159] We Will explain more speci?cally about the above 
mentioned member of sporting goods and a member of a 
vehicle, taking a member of an automobile With a designed 
surface as an example. 

[0160] A?ber reinforced composite material of the present 
invention can be preferably used especially for an automo 
biles member With a designed surface, that is, an outside 
plate, an interior material, and an aerodynamic member. 
Speci?cally as an outer panel of an automobile, it can be 
preferably used for a hood, a front fender, a rear fender, a 
door panel, a roof, a trunk lid, a rear WindoW panel, a fuel 
lid, a garnish, a trim, a grille, a bumper fascia, and the like. 
As an aerodynamic member of an automobile, it can be 
preferably used for a rear spoiler, a front air dam, a side air 
dam, a hubcap, and the like. As an interior material of an 
automobile, it can be preferably used for an instrument 
panel, a steering Wheel, a dash box, a center console, a seat 
frame, and the like. 

[0161] If a ?ber reinforced composite material of the 
present invention is used for these automobile members, it 
Will be possible to lighten the Weight of a car and give it 
aesthetic properties simultaneously. 

[0162] Because an outer panel of an automobile and an 
aerodynamic member are exchanged frequently by accident, 
blemish, breakdown, and the like, if color difference results 
betWeen an exchanged panel member and an unexchanged 
panel member, an appearance and design of, an automobile 
itself Will be spoiled. A ?ber reinforced composite material 
off the present invention is suitable for an outer panel of an 
automobile and an aerodynamic member also from this point 
of vieW. 

[0163] A hood, a door panel, a roof, a trunk lid, and the 
like, Which have a large surface areas are members Whose 
color difference: change is easy to be striking and a ?ber 
reinforced composite material of the present invention can 
be used very preferably for them. And, because a hood, a 
roof, a trunk lid, and the like, Which are horiZontal members, 
are exposed to direct sunlights and they are easy to change 
color, a ?ber reinforced composite material of the present 
invention applies very preferably to them. 

[0164] Furthermore, if a member is a panel member hav 
ing curvature (for example, a trunk lid Whose front part is a 
mostly horiZontal plane and Whose rear part is a mostly 
vertical plane), an amount of irradiation Will vary Within the 
same member surface and color difference Will be easy to 
result, and therefore, a ?ber reinforced composite material of 
the present invention can be used suitably for a panel 
member having curvature. 

[0165] Interior materials of an automobile receive differ 
ent amounts of irradiation of light according to regions 
thereof. If a material Which is easy to discolor by light is 
used for interior material, a color tone Will vary according to 
regions thereof by long-term use, and therefore, the beautiful 
appearance is spoiled. A?ber reinforced composite material 
of the present invention is suitable for interior materials of 
an automobile for that reason. 

EXAMPLES 

[0166] Hereafter, the present invention is speci?cally 
explained on the basis of examples. In addition, the condi 
tions and results of each example are collectively shoWn in 
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Tables 1 and 2 mentioned beloW and those of comparative 
examples are collectively shoWn in Table 3. In addition, 
6380 in the examples means a molecular extinction coef? 
cient measured at 25 degrees Celsius in a chloroform. 

Example 1 

[0167] (1) Preparation of an Epoxy Resin Composition 

[0168] 120.0 parts by Weight of 4-methylhexahydro 
phthalic anhydride (Formula 14, Trade name: Rikacid 
MH-700, made by NeW Japan Chemical Co., Ltd) as a 
carboxylic anhydride having a cyclo:alkane ring, and 1.1 
parts by Weight a 2-(3-tert-butyl-2-hydroxy-5-methylphe 
nyl)-5-chloro-2H-benZotriaZol (Formula 29, e380=6.0><103, 
Trade name: ADK STAB LA-36, made by Asahi Denka Co., 
Ltd. ) as a benZotriaZol type ultraviolet absorbent Were 
added, to 100.0 parts by Weight of 3,4-epoxycyclohexylm 
ethyl 3,4-epoxycyclohexanecarboxylate (Formula 3, Trade 
name: Celloxide 2021P, made by Daicel Chemical Indus 
tries, Ltd.) as an epoxy resin having a 1,2-epoxycyclohexane 
ring, and the mixtures Was suf?ciently stirred to obtain an 
epoxy resin composition 1. 

[0169] (2) Preparation of an Epoxy Resin Cured Product 

[0170] Thee above-mentioned epoxy resin composition 1 
Was injected into a mold With a plate-shaped cavity having 
a thickness of 2 millimeters, and Was heated to cure at 100 
degrees Celsius for 4 hours and at 150 degrees Celsius for 
10 hours. Thereafter, it Was demolded, and an epoxy resin 
cured product having a thickness of 2 millimeters Was 
prepared. 

[0171] (3) Measurement of Physical Properties of a Resin 
Cured Product 

[0172] A test piece having a Width of 10 millimeters and 
a length of 60 millimeters Was cut out from the above 
mentioned epoxy resin cured product, a three-point ?exural 
test Was performed at a test speed of 2.5 millimeters and at 
a distance betWeen fulcrums of 32 millimeters, and a ?exural 
modulus Was measured, according to JIS K7203. The result 
shoWed that the ?exural modulus Was 3.6 GPa. 

[0173] In the same Way, a small 11/2 siZe test piece Was cut 
out and a tensile elongation Was measured according to JIS 
K7113 (it corresponds to ISO 527-2). The result shoWed that 
the tensile elongation Was 0.9 percents. These ?exural 
modulus and tensile elongation shoWed that it had mechani 
cal properties suf?cient as a matrix resin used for a ?ber 
reinforced composite material. 

[0174] (4) Weathering Test of an Epoxy Resin Cured 
Product 

[0175] The above-mentioned epoxy resin cured product 
Was cut square 50 millimeters on each side, and it Was used 
as a test piece for Weathering test. This test piece Was put to 
a Weathering test, using a Weatherometer (Metaling Weather 
Meter M6T, made by Suga Test Instruments Co., Ltd.), 
Which repeated 100 times (namely, 100 hours) a cycle 
consisting of irradiation for 12 minutes With spraying of 
Water on conditions of a black panel temperature of 63 
degrees Celsius and irradiation for 48 minutes Without 
spraying of Water on conditions of black panel temperature 
of 63 degrees Celsius and relative humidity of 50 percents. 
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[0176] (5) Color Difference Measurement 

[0177] Color difference of the cured product between 
before and after Weathering test Was measured using a 
multiple-light-source spectrophotometric calorimeter 
(MSC-P, made by Suga Test Instruments Co., Ltd.). First, a 
test piece (having a thickness: of 2 millimeters) before 
performing the Weathering test Was set to a multiple-light 
source spectrophotometric calorimeter, and a spectral trans 
mittance Was measured on measurement conditions of trans 

mission light mode, a C light source, an angle of visibility 
of 2 degrees, an incidence of 8 degrees, no regular re?ection 
light contained, and a Wavelength in the range of from 380 
to 780 nanometers. Furthermore, colorimetric values before 
Weathering test in CIE 1976 L*a*b* color system (L*1, a*1, 
b*1) Were calculated using a program attached to the equip 
ment. Next, the test piece after performing the Weathering 
test Was set to a multiple-light-source spectrum calorimeter, 
and colorimetric values after the Weathering test (L*2, a*2, 
b*2) Were calculated by the same method as mentioned 
above. Furthermore, as a result of ?nding a color difference 
of the cured product betWeen before and after the Weathering 
test by the equation (1), the color difference Was 0.43, Which 
shoWed that it had an excellent Weatherability. 

[0178] (6) Preparation of a Fiber Reinforced Composite 
Material 

[0179] Four Woven carbon ?ber fabrics CK6250E (Carbon 
?ber: T700S-12K, Texture: plain Weave, ?ber areal Weight: 
190 g/m2, made by Toray Industries, Inc.) cut out on 295 
millimeters><395 millimeters as a reinforcing ?ber Were 
laminated in a 300 millimeter><400 millimeter><5 millimeters 
plate-shaped cavity of a mold, and the mold Was clamped by 
?tting, an upper die. Subsequently, the epoxy resin compo 
sition 1 Was injected into the mold, and Was heated to cure 
at 100 degrees Celsius for 4 hours and at 150 degrees Celsius 
for 10 hours, and thereafter Was demolded, Whereby a ?ber 
reinforced composite material Was prepared. 

[0180] (7) Weathering Test and Color Difference Measure 
ment of a Fiber Reinforce Composite Material 

[0181] Next, colorimetry and Weatherability evaluation of 
the above-mentioned ?ber reinforced composite material 
Were performed. First, a ?ber reinforced composite material 
Was cut out into 50 millimeters><50 millimeters, and a 
spectral re?ectance and a colorimetric value Were obtained 
by measuring in the range of from 380 to 780 nanometers on 
conditions of a C light source, an angle of visibility of 2 
degrees, a measuring aperture of 30 millimeters 4), an 
incidence of 8 degrees, and no regular re?ection light 
contained, using the above-mentioned multiple-light-source 
spectrophotometer MSC-P made by Suga Test Instruments 
Co., Ltd., and by processing data. 

[0182] Subsequently a Weathering test of a ?ber reinforced 
composite material Was performed. This Was performed just 
like the above-mentioned 100-hour Weatherometer test of an 
epoxy resin cured product. The color difference AE*ab Was 
1.83, and an appearance, did not change betWeen before and 
after the Weathering test, either, and the appearance Was 
good. 
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Example 2 

[0183] (1) Preparation of an Epoxy Resin Composition 

[0184] As an imidaZole compound, 6.6 parts by Weight of 
1,2-dimethylimidaZole (Trade name: CureZol 1,2-DMZ, 
made by Shikoku Chemicals Corp.) Was further added to the 
epoxy resin composition 1 used in the example 1, and the 
mixture Was suf?ciently stirred to obtain an epoxy resin 
composition 2. 

[0185] (2) Preparation of an Epoxy Resin Cured Product 

[0186] An above-mentioned epoxy resin composition 2 
Was injected into a mold With a plate-shaped cavity having 
a thickness of 2 millimeters and Was heated to cure at 70 
degrees Celsius for 2hours and at 100 degrees Celsius for 2 
hours. Thereafter, it Was demolded, and an epoxy resin cured 
product With a thickness of 2 millimeters Was obtained. 

[0187] (3) Weathering Test, Color Difference Measure 
ment 

[0188] As a result of performing the Weathering test of the 
cured product in quite the same Way as the example 1, the 
color difference Was 0.48, Which shoWed that it had an 
excellent Weatherability. 

Example 3 

[0189] (1) Preparation of an Epoxy Resin Composition 

[0190] As a polyol having neither aromatic ring nor 
aminic nitrogen, atom, 11.0 parts by Weight of diethylene 
glycol (Wako Pure Chemical, Industries, Ltd.) Were further 
added to the epoxy resin composition prepared in the 
example 2, and the mixture Was suf?ciently stirred to obtain 
an epoxy resin composition 3. 

[0191] In quite the same Way as the example 2, the epoxy 
resin composition 3 Was heated to cure, and the Weathering 
test of the cured product Was performed. The result shoWed 
that the color difference Was 3.45 and it had an excellent 
Weatherability. 

Example 4 

[0192] A composition identical With the epoxy resin com 
position 3 used in the example 3 except having changed an 
addition of benZotriaZol type ultraviolet absorbent ADK 
STAB LA-36 into 0.2 parts by Weight Was referred to as an 
epoxy resin compositions 4. 

[0193] As a result of performing the Weathering test of the 
cured product of the epoxy resin composition 4 in quite the 
same Way as the example 2, the color difference Was 1.37, 
Which shoWed that it had an excellent Weatherability. 

Example 5 

[0194] A composition identical With the epoxy resin com 
positions 4 used in the example 4 except having added 0.2 
parts by Weights of a benZotriaZol type ultraviolet absorbent, 
2-(2-hydroxy-5-methylphenyl)-2H-benZotriaZol (Formula 
31, e380=9.0><102, Trade name: SEESORB 701, made by 
Shipro Kasei Kaisha, Ltd.) instead of ADK STAB LA-36 
Was referred to as an epoxy resin composition 5. 

[0195] As a result of performing the Weathering test of the 
cured product of the epoxy resin composition 4 in quite the 
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same Way as the example 2, the color difference Was 3.01, 
Which showed that it had an excellent Weatherability. 

Example 6 

[0196] A composition identical With the epoxy resin com 
position 4 used in the example 4 except having added 0.2 
parts by Weight of a benZotriaZol type ultraviolet absorbent, 
2-(2-hydroxy-3,5-di-tert-pentylphenyl)-2H-benZotriaZol 
(Formula 25, e380=4.6><103, Trade name: SEESORB 704, 
made by Shipro Kasei Kaisha, Ltd.) instead of ADK STAB 
LA-36 Was referred to as air epoxy resin composition 6. 

[0197] As a result of performing the Weathering test of the 
cured product of the epoxy resin composition 6 in quite the 
same Way as the, example 2, the color difference Was 1.03, 
Which shoWed that it had an excellent Weatherability. 

Example 7 

[0198] A composition identical With the epoxy resin com 
position 4 used in the example 4 except having added 0.2 
parts by Weight of a benZotriaZol type ultraviolet absorbent, 
2-(2-hydroxy-5-tert-octylphenyl)-2H-benZotriaZols (For 
mula 32, e380=1.9><103, Trade name: SEESORB 709, made 
by Shipro Kasei Kaisha, Ltd.) instead of ADK STAB LA-36 
Was referred to as an epoxy resin composition 7.1 

[0199] As a result of performing the Weathering test of the 
cured product of the epoxy resin composition 7 in quite the 
same Way as the example 2, the color difference Was 4.85, 
Which shoWed that it had an excellent Weatherability. 

Example 8 

[0200] A composition identical With the epoxy resin com 
position 4 used in the example 4 except having added 0.2 
parts by Weight of a benZophenone type ultraviolet absor 
bent, 2-hydroxy-4-methoxy benZophenone (Formula 34, 
e380=2.0><101, Trade, name: SEESORB, 101, made by 
Shipro Kasei Kaisha, Ltd.), instead of ADK. STAB 
LA-36Was referred to as an epoxy resin composition 8. 

[0201] As a result of performing the Weathering test of the 
cured product of the epoxy resin composition 8 in quite the 
same Way as the example 2, the color difference Was 4.92, 
Which shoWed that it had an excellent Weatherability. 

Example 9 

[0202] A composition identical With the epoxy resin com 
position 4 used in the example 4 except having added 0.2 
parts by Weight of a benZophenone type ultraviolet absor 
bent, 2-benZyloxy-2-hydroxybenZophenone (Formula 37, 
e380=3.0><101, Trade name: SEESORB 105, made by 
Shipro Kasei Kaisha, Ltd.) instead of ADK STAB LA-36 
Was referred to as an epoxy resin composition 9. 

[0203] As a result of performing the Weathering test of the 
cured product of the epoxy resin composition 9 in quite the 
same Way as the example 2, the color difference Was 4.72, 
Which shoWed that it had an excellent Weatherability. 

Example 10 

[0204] A composition identical With the epoxy resin com 
position 4 used in the example 4 except having added 0.2 
parts by Weight of a benZophenone type ultraviolet absor 
bent, 2,2‘-dihydroxy-4,4‘-dimethoxybenZophenone (For 
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mula 39, e380=9.0><103, Trade name: SEESORB 107, made 
by Shipro Kasei Kaisha, Ltd.) instead of ADK STAB LA-36 
Was referred to as an epoxy resin composition 10. 

[0205] As a result of carrying out a heating cure of the 
epoxy resin composition 10 and performing a Weathering 
test in quite the same Way as the example 2, the color 
difference is 2.43, Which shoWed that it had an excellent 
Weatherability. 

Example 11 
[0206] (1) Preparation of an Epoxy Resin Composition 

[0207] 100.8 parts by Weight of 4-methylhexahydro 
phthalic anhydride (Trade name: Rikacid MH-700, made by 
NeW Japan Chemical Co., Ltd.) as a carboxylic anhydride 
having a cycloalkane ring, 0.2 parts by Weight of 2-(3,5-di 
t-pentyl-2-hydroxyphenyl)-2H-benZotriaZol (Trade name: 
SEESORB 704, made by Shipro Kasei Kaisha, Ltd.) as a 
benZotriaZol type ultraviolet absorbent, 3.0 parts by Weight 
of 1,2-dimethylimidaZole (Trade name: CureZole 1,2-DMZ, 
made by Shikoku Chemicals. Corp.) as an imidaZole com 
pound, 6.0 parts by Weight of diethylene glycol (Wako Pure 
Chemical Industries, Ltd.) as a polyol having neither aro 
matic ring nor aminic nitrogen atom Were added to 50.0 
parts by Weight of 3,4-epoxycyclohexylmethyl 3,4-epoxy 
cyclohexanecarboxylate (Trade name: Celloxide 2021P, 
made by Daicel Chemical Industries, Ltd.) and 50.0 parts by 
Weight of bis(3,4-epoxycyclohexylmethyl)adipate (Formula 
4, Trade; name: ERL-4299, made by Union Carbide Japan, 
Ltd.), as epoxy resins having 1,2-epoxycyclohexane rings at 
room temperature, and the mixture Was sufficiently stirred to 
obtain an epoxy resin composition 11. 

[0208] As a result of preparing a cured product in quite the 
same Way as the example 3 and measuring mechanical 
properties, the ?exural modulus Was 3.0 GPa, and the tensile 
elongation Was 2.1 percents, Which shoWed that it had 
mechanical properties sufficient as a matrix resin for a ?ber 
reinforced composite material. Furthermore, as a result of 
performing the Weathering test in quite the same Way as the 
example 1, the color difference Was 1.17, Which shoWed that 
it had an excellent Weatherability. 

Example 12 
[0209] (1) Preparation of an Epoxy Resin Composition 

[0210] 110.6 parts by Weight of 4-methylhexahydro 
phthalic anhydride (Trade name: Rikacid MH-700, made by 
NeW Japan Chemical Co., Ltd.) as a carboxylic anhydride 
having a cycloalkane ring, 0.2 parts by Weight of 2-(3,5-di 
t-pentyl-2-hydroxyphenyl)-2H-benZotriaZol (Trade name: 
SEESORB 704, Shipro Kasei Kaisha, Ltd.) as a benZotriaZol 
type ultraviolet absorbent, 6.6 parts by Weight of 1,2 
dimethylimidaZole (Trade name: CureZole 1,2-DMZ, made 
by Shikoku Chemicals Corp.) as an imidaZole, compound, 
11.0 parts by Weight of diethylene glycol (Wako Pure 
Chemical Industries, Ltd.) as a polyol having neither aro 
matic ring nor aminic nitrogen atom Was added to 25 parts 
by Weight of 3,4-epoxycyclohexylmethyl 3,4-epoxycyclo 
hexanecarboxylate (Trade name: Celloxide 2021P, made by 
Daicel Chemical Industries, Ltd.) and 75 parts by Weight of 
bis(3,4-epoxycyclohexylmethyl)adipate (Trade name: ERL 
4299, made by Union Carbide Japan, Ltd.) as epoxy resins 
having 1,2-epoxycyclohexane rings at room temperature, 
and the mixture was sufficiently stirred to obtained an epoxy 
resin composition 12. 
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[0211] In quite the same Way as the example 3, the epoxy 
resin composition 12 Was heated to cure, and mechanical 
properties Were measured. The result shoWed that the Hex 
ural modulus Was 2.9 GPa and the tensile elongation Was 4.4 
percents and that it had mechanical properties sufficient as a 
matrix resin for a ?ber reinforced composite material. Fur 
thermore, as a result of performing the Weathering test in 
quite the same Way as the example 1, the color difference 
Was 0.93, Which shoWed that it had an excellent Weather 
ability. 

Comparative Example 1 

[0212] A resin composition Which did not contain the 
ultraviolet absorbent in the epoxy resin composition 3 used 
in the example 3 Was referred to as an epoxy resin compo 
sition 13. 

[0213] As a result of performing, the Weathering test of the 
cured product of the epoxy resin composition 13 in quite the 
same Way as the example 2, the color difference Was 6.85, 
Which shoWed that it had a poor Weatherability. 

Comparative Example 2 

[0214] A resin composition Which contained 1.1 parts by 
Weight of hindered amine light stabiliZing agent, 1,2,2,6,6 
pentamethyl-4-piperidyl tridecyl 1,2,3,4-butanetetracar 
boxylate (Trade name: ADK STAB LA-62, made by Asahi 
Denka Co., Ltd.) instead of ADK STAB LA-36 in the epoxy 
resin compositions 3 used in the example 3 Was referred to 
as an epoxy resin composition 14. A hindered amine light 
stabiliZing agent is an additive used often in order to 
improve Weatherability of plastics. 

[0215] In quite the same Way as the example 2, the epoxy 
resin composition 14 Was heated to cure, and the Weathering 
test Was performed. The result shoWed that the color differ 
ence Was 5.45 and the Weatherability Was inferior and that 
a hindered amine light stabiliZer Was not effective in 
improvement of Weatherproof. 

Comparative Example 3 

[0216] Alicyclic amine (Ancamine 2049, made by PTI 
Japan, Ltd.) Was added to 70.0 parts by Weight of bisphenol 
E type epoxy (Trade name:. Epikote R807, made by Japan 
Epoxy Resins Co., Ltd.) Which is an epoxy resin having 
benZene rings and 30.0 parts by Weight of N,N,O-trigly 
cidyl-p-aminophenol (Trade name: Epikote 6:30, made by 
Japan Epoxy Resins Co., Ltd.) Which is an epoxy resin 
having a benZene ring and an aminic nitrogen atom, and the 
mixture Was suf?ciently stirred to obtain an epoxy resin 
composition 15. An epoxy resin composition is a model of 
an epoxy resin composition for conventional common ?ber 
reinforced composite materials. 

[0217] In quite the same Way as the example 3, the epoxy 
resin composition 15 Was heated and cured to prepare a 
cured product. Furthermore, as a result of measuring a 
?exural modulus and a tensile elongation of the cured 
product in quite the same Way as the example 1, they are 3.2 
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GPa and 7.4 percents respectively, Which shoWed that it had 
mechanical properties suf?cient as a matrix resin for a ?ber 
reinforced composite material. 

[0218] HoWever, as a result of performing the Weathering 
test in quite the same Way as the example 3, the color 
difference Was 10.49 and it changed to yelloW and it Was 
inferior in Weatherability. 

Comparative Example 4 

[0219] 0.1 parts by Weight of 2(2‘-hydroxy-3‘-t-butyl-5‘ 
methylphenyl)-5-chloro benZotriaZols (Trade name: ADK 
STAB LA-36, made by Asahi Denka Co., Ltd.) as a benZo 
triaZol type ultraviolet absorbent Were further added to the 
epoxy resin composition 15 used in the comparative 
example 3, and the obtained resin composition Was referred 
to as an epoxy resin composition 16. 

[0220] As a result of preparing a cured product in quite the 
same Way as the example 3 and performing the Weathering 
test, the color difference Was 20.97, Which Was further 
inferior in Weatherability to the above-mentioned epoxy 
resin 15 Which did not contain an ultraviolet absorbent. Like 
this, even if an ultraviolet absorbent effective in the present 
invention is added to a conventional common epoxy resin 
composition, Weatherability is not improved but it decreases 
on the contrary. 

Comparative Example 5 

[0221] 111.5 parts by Weight of 4-methylhexahydro 
phthalic anhydride (Trade name: Rikacid MH-700, made by 
NeW Japan Chemical Co., Ltd) as a carboxylic anhydride 
having a cycloalkane ring, 0.2 parts by Weight of 2-(3,5-di 
t-pentyl-2-hydroxyphenyl)-2H-benZotriaZol (Trade name: 
SEESORB 704, made by Shipro Kasei Kaisha, Ltd.) as a 
benZotriaZol type ultraviolet absorbent, 6.6 parts by Weight 
of 1,2-dimethylimidaZole (Trade name: CureZole 1,2-DMZ, 
made by Shikoku Chemicals Corp.) as an imidaZole com 
pound, and 11.0 parts by Weight of diethylene glycol (Wako 
Pure Chemical Industries, Ltd.) as a polyol having neither 
aromatic ring nor aminic nitrogen atom Were added to 60 
parts by Weight of 3,4-epoxycyclohexylmethyl 3,4-epoxy 
cyclohexanecarboxylate (Trade name: Celloxide 2021P, 
made by Daicel Chemical Industries, Ltd.) as an epoxy resin 
having 1,2-epoxycyclohexane rings, and 40.0 parts by 
Weight of a bisphenol E type epoxy (Trade name: Epikate 
807, made by Japan Epoxy Resins Co., Ltd.) Which is an 
epoxy resin having benZene rings at room temperature, and 
the mixture Was referred to as an epoxy resin composition 
16. 

[0222] In quite the same Way as the example 3, the epoxy 
resin composition 16 Was heated to cure, and the Weathering 
test Was performed. The result shoWed that the color differ 
ence Was 12.38 and it changed to yelloW and that it Was 
inferior in Weatherability. 

[0223] Tables 1 to 4 summariZed the conditions and results 
of the above examples and comparative examples. 

TABLE 1 

Example 1 Example 2 Example 3 Example 4 Example 5 

Epoxy resin Epoxy resin resin Celloxide 2021P 100.0 100.0 100.0 100.0 100.0 
composition Carboxylic anhydride Rikacid MH-700 120.0 120.0 120.0 120.0 120.0 

Ultraviolet Benzotriazol ADK STAB LA-36 1.1 1.1 0.2 
absorbent type (380 = 6.0 x 103 



US 2005/0191476 A1 Sep. 1, 2005 

TABLE l-continued 

Example 1 Example 2 Example 3 Example 4 Example 5 

SEESORB 701 0.2 
(380 = 9.0 x 102 

Imidazole compound Curezole 1,2-DMZ 6.6 6.6 6.6 6.6 
Polyol Diethylene glycol 11.0 11.0 11.0 

Results Colorimetric value Before After Before After Before After Before After Before After 
in L*ab color system test test test test test test test test test test 

Lightness L* 96.95 96.57 96.34 96.10 95.95 94.69 96.33 95.01 96.58 95.16 
Choromaticity a" —0.50 —0.68 —0.50 —0.68 —4.78 —3.38 —1.90 —1.56 —0.51 —0.60 

b" 0.53 0.60 1.02 1.58 11.69 8.61 4.22 4.11 1.36 4.01 
Weatherability Color difference 0.43 0.48 3.45 1.37 3.01 

(AE*ab) 

[0224] 

TABLE 2 

Example 6 Example 7 Example 8 Example 9 Example 10 

Epoxy resin Epoxy resin Celloxide 2021P 100.0 100.0 100.0 100.0 100.0 
composition Carboxylic anhydride Rikacid MH-700 120.0 120.0 120.0 120.0 120.0 

Ultraviolet BenZotriaZol SEESORB 704 0.2 
absorbent type (380 = 4.6 x 103 

SEESORB 709 0.2 
(380 = 1.9 x 103 

Benzophenone SEESORB 101 0.2 
type 6380 = 3.0 X 101 

SEESORB 105 0.2 
6380 = 3.0 X 101 

SEESORB 107 0.2 
6380 = 9.0 X 103 

Imidazole compound Curezole 1,2-DMZ 6.6 6.6 6.6 6.6 6.6 
Polyol Diethylene glycol 11.0 11.0 11.0 11.0 11.0 

Results Colorimetric value Before After Before After Before After Before After Before After 
in L*ab color system test test test test test test test test test test 

Lightness L* 96.58 95.95 96.61 91.90 96.57 94.19 96.53 95.18 96.51 94.86 
Chromaticity a* —0.36 —0.43 —0.38 —0.43 —0.48 —1.44 —0.42 —1.59 —1.68 —1.60 

b" 1.06 1.87 1.14 2.30 1.31 5.51 1.17 5.54 3.58 5.36 
Weatherability Color difference 1.03 4.85 4.92 4.72 2.43 

(AE*ab) 

[0225] 

TABLE 3 

Example 11 Example 12 

Epoxy resin Epoxy resin Celloxide 2021P 50.0 25.0 

composition ERL-4299 50.0 75.0 

Carboxylic anhydride Rikacid MH-700 100.8 110.6 

Ultraviolet BenZotriaZol SEESORB 704 0.2 0.2 

absorbent type (380 = 4.6 x 103 

Imidazole compound Curezole 1,2-DMZ 3.0 3.2 

Polyol Diethylene glycol 6.0 6.3 

Results Colorimetric value Before After Before After 

in L*ab color system test test test test 

Lightness L* 96.53 95.46 96.37 95.55 

Chromaticity a" —0.33 —0.35 —0.36 —0.38 

b" 1.06 1.54 1.13 1.57 

Weatherability Color difference 1.17 0.93 








