DESCRI PTION Title of Invention: CARBOXYLI C ACI D COVPOUND AND
EPDXY RESI N COVPOSI TI ON 5 CONTAI NI NG THE SAME Technical Field [0001]
The present invention relates to a carboxylic acid conpound and a
resin 10conposition containing the same. Mdre particularly, it
relates to a carboxylic acid conp ﬂg IPH as a raw material or
nodi fier for epoxy resin curing aglg Qﬁﬁ’gﬁ s, adhesives, nol ded
articles, optical materials, sem conductors, encapsulating resins for

opti cal %ﬁg@&ﬂﬂg&ﬁfoﬁrs’ resins for die-bonding materials of optical
sem conduct ors ‘ﬁg yimde resins, and the like, a plasticizer, a
I

| ubri cat IGARBOK Y46 AGH2 COMPORMND AND EROVGE BESEN OMBOISERIRNt s and

pestigi degHNPAMNANEREGI ¢ \qd or resins for paints, a resin for toner,
and the |like, and an epoxy resin conposition containing the sane.

Background Art [0002] 20Si nce cured products excellent in

adhesi vefedmicaltBidini cal properties, water resistance, chem cal

resi st ance, hﬁﬁb esi stance, electric properties, and the |ike are
obtai ned by c |P|£)] epoxy resins, the resins have been used in w de
range of fi el dEhespresenainvpation ]atestth esiavtesylic asip osinpeuntbdrel d @bis,

mol dij g i i eri , i, QUS. I mat eri,al s, and
Fosi sy o, HnRly@itcoraig . PRI MR palthlapli™ SRS REL FRESH Gt
exanpl e, CURPHEAUSAIYS ahe saW Bwiasiek 91 medifist r spersotesidssuriog mpents, paints,
anhydri deghesiveg 'ﬁ‘iﬂId@cpifﬁ@léB,%tic&lhh%riﬁ@,@ﬁﬁﬁyﬁauctaﬂdeﬁé&ﬁsdléth% 18§ifis for
menti oned as,conmon. ones. Anmong .t hese,. curing agents, var] ous

car boxy| PRIGESTIERANGIHR S e%lljﬁi&)% Q}ebhwmgcm%tﬁﬂﬁrlﬁ Of articah sgraicprdustors,

f r equent pylyinsidel résinst fned ths _eika,tmplhaﬁiiz'e@,mslubﬁcz&i?gfoﬁl&ﬁﬁrhﬂM%eﬁﬂ, ﬂﬁ ﬁi%nélediate
t r anspar r s nce are require r t.he cured.product
or T ¢ b e R A RS SHAD S o I B S BT iy € FobroR Lover,
needed. tharikecandan epoky résifgeinpasginmosntaiming theisameecomes common t o use
| i qui d carboxylic anhydrides as the curing agents. Since a carboxylic
acid exhjpbits a strong internol ecul ar hydrogen bond and not only it
crystal | Bakertwd At so the conpatibility to other resins is extrenely
poor, it is afoggFual situation that its use is avoided. [0003] 35As

resijns for en sul ation,of opti.cal. sem conductors such as LED (Light
e 205 ng D 008 o4 GBS REORSbs e LER in SRS ST et palengprgperties, water

bi sphenaiesisiapes, eharigal esistanca heatlredstandecelegteis yropesia, armerthe hike bidke
have bee J g . i chanical strepgth an
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frequently used in the use applications in the case where high transparency and heat
resistance are required for the cured products or in the case where an appropriate usable

30  period of time is needed. Particularly in liquid compositions, it becomes common to use
liquid carboxylic anhydrides as the curing agents. Since a carboxylic acid exhibits a
strong intermolecular hydrogen bond and not only it crystallizes but also the compatibility
to other resins is extremely poor, it is an actual situation that its use is avoided.

[0003]

35 As resins for encapsulation of optical semiconductors such as LED (Light
Emitting Diode), liquid epoxy resin compositions using a bisphenol-type epoxy resin, an
alicyclic epoxy resin, or the like have been used since they are excellent in mechanical
strength and adhesive force (see Patent Document 1). Recently, LED has been employed
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cases in the fields where high |Ium nance is required. Thus, as

encapsul ating materials having high UV resistance and heat

resi stance, silicone resin encapsulating materials using an

organopoly5|loxane containing a non-covalent bondi ng group and an

organohydr i | oxane have been e oy d&@'ﬂ at ent Docunent
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insufficient, for example, stickiness owing to remaining unreacted epoxy resin also takes

30  place, so that curing by the carboxylic anhydride which vaporizes at curing is viewed with
suspicion also from the functional and environmental viewpoints.
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[ 0006] As a result of extensive studies for solving the
above-described problems, the 15 present inventors have found that
the problens are solved by using a carboxylic acid conpound having a
silicone skel eton obtai ned by reacting a silicone-based conpound

havi ng aﬁ%ﬁfb{)hﬁn&hﬁl 5.5 44 g 5(?rr?gar boxylic anhydri de[ 88\6;]”9 a

specific's on as a curing for epoxy resins. _ _
20Nanely, the present invention relates to: (1) A carboxylic acid

conpound : by an addition reaction of a silicone
conpoundIégifﬁ?gg”?gﬁﬁgg'by the followng fornmula (1): [0008] [Chem
réEeQQl OH (1) 1 R2\ R2 25 [0009]

5 [0005]

An object of the present invention is to provide a carboxylic acid compound which
is liquid at room temperature and excellent in vaporization resistance at high temperature,
and, particularly as a curing agent for epoxy resin compositions, is little in volatility during
a curing step thereof and affords a colorless and transparent cured product whose surface is

10  not sticky.

Problems to Be Solved by the Invention
[0006]
As a result of extensive studies for solving the above-described problems, the
15  present inventors have found that the problems are solved by using a carboxylic acid
compound having a silicone skeleton obtained by reacting a silicone-based compound
having a specific skeleton with a carbdxylic anhydride having a specific skeleton as a
curing agent for epoxy resins.
[0007]
20 Namely, the present invention relates to:
(1) A carboxylic acid compound (A) obtainable by an addition reaction of a silicone
compound (a) represented by the following formula (1):

[0008]
[Chem. 1]
Ry R\ R
| | |
HO—R1—SIi o—gi~ —Sli—R1—OH (1)
R2 Rz n R2
25
[0009]

wherein R; represents an alkylene group having 1 to 10 carbon atoms in total which may
contain an ether group, R; represents a methyl group or a phenyl group, and n represents
from 1 to 100 as an average value, respectively,
30  with a compound having one or more carboxylic anhydride group in the molecule,
wherein the compound having one or more carboxylic anhydride group in the
molecule is at least one selected from compounds (c) represented by the following
formulae (3) to (5):



wherein Rl represents an al kyl ene group having 1 to 10 carbon atons
in total which may contain an ether group, R2 represents a nethyl
group or a phenyl group, and n represents from1l to 100 as an average
val ue, respectively, 30 with a conpound havi ng one or nore carboxylic
anhydri de grOU@ h t he nol ecul e, wherein the conpound havi ng
one or rore car leic anhydride group in the nolecule is at |east
one sel e¢Clran.f2lom conpounds (c) represented by the follow ng formnul ae

(3) to (5): [ 0010] [Chem 2] [0011] 5(2) A carboxylic acid
conpound (A) obtainable by an addition reaction of a silicone
conpound (a) represented by the follow ng fornul a Q}): [ 0012]

[Chem 3] RZR2R2 Ifll HO -QRi -Si 0-Si- -Si-R1-0H Il |f RR2R2 (1)

10[ 0013] wherein RI_yepregfents an al kyl ene gneup blaving 1 to 10
carbon atons in t T may contain an Qup, R2 represents
a net hyl groups@r—a phényl @rougd) and n re M om@ to 100 as
an average val ue, ~xg kvely, with a conpdusm ‘\ ng one or nore
carboxylic anhydride groul in the nolecule, 15wher& n the conpound
havi ng one or nore carboxy@ic anhydride group in t

conpound represented by tQ; formula (3):

e nolecule is the

HyC—— o 6

0

[0011]
5  (2) A carboxylic acid compound (A) obtainable by an addition reaction of a silicone
compound (a) represented by the following formula (1):

[0012]
[Chem. 3]
Ra Ry Ra
! |
HO—R,—Si O—Sli—- —S‘i—R1—0H (1)
Rs Ra n Rz
10 [0013]

wherein R, represents an alkylene group having 1 to 10 carbon atoms in total which may
contain an ether group, R, represents a methyl group or a phenyl group, and n represents
from 1 to 100 as an average value, respectively,
with a compound having one or more carboxylic anhydride group in the molecule,

15 wherein the compound having one or more carboxylic anhydride group in the
molecule is the compound represented by the formula (3):



[0014] [Chem 4] [0015] 5 (3) An epoxy resin curing agent
cont ai ning the carboxylic acid conmpound (A) according to the above
(1) or (2) and a curing accelerator; (4) An epoxy resin conposition
cont ai ning the carboxylic acid conmpound (A) according to the above
(1) or (2) or {%i poxy resin curing agent according to claim3 and
an epoxy resint 6?5) The epoxy resin conposition according to the
above (4ICMMheﬂe|n epoxy equi val ent of the epoxy resin is from400 to
1,500 g/eq. and wei ght-average nol ecul ar weight is from1,500 to
5,000; (6) The epoxy regtn conposition according to the above (5),
wherein use of t resin conposition is an encapsul ati ng
material for i \ conductors; 15(7) The epoxy resin

conposi ti ort he 4Bbve (5), wherein use of the epoxy
resin conpositi i e-bonding material for optical

sem conductors; (8) A clired product of the epoxy resin conposition
according to any one of @Qhe above (4) to (7). 20Effect of the

| nventi on [00%§é The carboxylic acid conpound (A) of the
present invent kli s liquid at roomtenperature (25C) and volatility

is exre@lAn dhoky kesin au‘iﬂ‘g&gt:ﬁimtﬁmﬂg ¢he @A YVIB b6ill cofpdandl A Vacosdiioed
the carboxylic acid conmpound

for curi 0 Fur.t her

(A 25i s&%sgg ‘%((yl& Q)rag\(}vanﬁflggfl%(‘lﬁ?eﬁetbﬁodl fier for epoxy resin curing
agents, @éﬂnnt@oxndwaswnmsnm abathinng ihel cashoxgBohadrdmpbmuds(A) according to
encapsuI@kl d éﬁy%

di e- bondi ngﬂﬁvat g?l af’zg 0? b kg?%sngg{nﬂngg%gﬁgé@m%g%%%&{ r"aénseil:’r(]”s{y
and the I%®Re, a plasticizer, a lubricating oil raw material, an

i nt QIOWE?Q@tI’ﬁe fapcﬁxﬁ%@ih%ﬁ@ﬂhﬁoﬁﬁ?’coﬁﬁtﬁ% E\&th@%%gxrfcta(éﬂ(): a?@%ér?@fh%bﬁgl' edilﬁ{}alent of
resins esi.n. for I Cu

car boxyl ‘?‘8 eg ydre§16 I%Er ‘tF[QotO(IA‘)OO &leq apd Bisig h&-aﬁ%régwog“éu@f ¥glehhls figyent
for epoxLIS@(ém 580G;or encapsul ati on of optical sem conductors such as
a hi ghl ity towa

et na an(s) LHE RO Q' BrrbbstaBR 6AURANS 1, BHAbOR R itdiin PR F (e SPRY resin
Best Mod@ninesitiosrs gi ﬁg:amlatmwnatnn@lrfpr optiqabsepriborkivetofrgl | owi ng wi | |
desgni bg7i irge 9[?&@%§1n lcBYBB4itiON adddrdlfRd & the aEbJeS(IS) ﬁlgb?elﬁ kL GOME epoxy resin

conpound resent invent|on re resen
P og'rq?osmon isa d{% -bonding material for optica semlconductors

(8) A cured product of the epoxy resin composition according to any one of the above (4)
to (7).

20  Effect of the Invention

[0016]

The carboxylic acid compound (A) of the present invention is liquid at room
temperature (25°C) and volatility is extremely little in the temperature fange which is
usually adopted for curing epoxy resins. Furthermore, the carboxylic acid compound (A)

25  is useful as a raw material or modifier for epoxy resin curing agents, paints, adhesives,
molded articles, semiconductors, encapsulating resins for optical semiconductors, resins
for die-bonding materials of optical semiconductors, polyimide resins, and the like, a
plasticizer, a lubricating oil raw material, an intermediate for medicaments and pesticides,
a raw material for resins for paints, and a resin for toner.  Particularly, the carboxylic acid

30  compound (A) is extremely useful as a curing agent for epoxy resins for encapsulation of
optical semiconductors such as a highly luminous white LED because of curing ability
toward epoxy reins and high transparency of cured products obtained thereform.



5following fornula (1) will be descri bed. [0018] [Chem 5]
R2ZR2R2 I'll HORL-Si 0-Si- - Si- R1I-0 H 111 RRR2 (1) [0019] 10
wherein Rl represents an al kyl ene group having 1 to 10 carbon at ons
in total which may contain an ether group, R2 represents a nethyl
group or _a phe oup, and n_represents from1l to 100 as an average
val ue, r?&ﬁ&?&%@f&mﬁ@égﬁ“ the Ipveat9Yr nul a (1), specific exanpl es of
R1 i nclude al KgYDeTe groups such as 15net hyl ene, ethyl ene, propyl ene,

i sopropyl ene, t i | ene ent.yl ene, .| ntyl ene,

hexyl ene, heptmée%lelsagir‘%d‘b@g%#%%e@equ%%qé'x"eengp%ﬁfbé&%ﬁt errupted by an
et her represerttitst thy silinenct componnd ¢a)fod thaprasen{ Bventton(itpleserseadlby the

i ke,5 an n atons is from1 to 10. As
partisculgl%%%g‘r@F¥ﬂgWgﬁgPegﬁ&gP%l ene group interrupted by an ether
repr esent ed b)[OEJHg formula (12) is nmentioned. (In the formulae (8)
20to (17)Chenh&]carbon atomon the extrene left is a side to which the
silicon atomof the fornula (1) is bonded) [0021] [Chem 6] -CH2-C
H2- 0-CH2- CH2- TH3 - CH2- CH2- 0-CH CH2- CH3 - CH2- CH2- O0- CH2-CH

- CH2- CH2- CH2- 0- CHRGH2- Tz Tz

|
HO—R1—S|i 081~ —Sli—R1—OH (D)
R2 R n Ra
[0019]

10  wherein R, represents an alkylene group having 1 to 10 carbon atoms in total which may
contain an ether group, R, represents a methyl group or a phenyl group, and n represents
from 1 to 100 as an average value, respectively.

[0020]
In the formula (1), specific examples of R; include alkylene groups such as

15  methylene, ethylene, propylene, isopropylene, butylene, isobutylene, pentylene,
isopentylene, hexylene, heptylene, and octylene, alkylene groups interrupted by an ether
represented by the following formulae (8) to (17), and the like, and the total number of
carbon atoms is from 1 to 10.  As particularly preferred one, an alkylene group
interrupted by an ether represented by the formula (12) is mentioned. (In the formulae (8)

20 to (17), the carbon atom on the extreme left is a side to which the silicon atom of the
formula (1) is bonded)

f0021]
[Chem. 6]



. -. CH2- CH2- CH2- 0- CH2- CH2- CH2 CH3 - CH CH2- 0- CH2- CH2- CH3 - CH CH2-

0- CH2- CH2- CH2- CH3 CH CH2-0-CH CH2- CH3CH3 -CH C H2- 0-CHz2-CH

[ 0022] In the above fornmula (1), R2 represents a nethyl group
or a phenyl group, and nay be the sane or different but a nethyl
group is preferred as conpared with a phenyl group 5for the reason
that the carboxylic acid conmpound (A) is liquid gmroomterrperature.
- [0023] TnCHneCHer A= o ClleTepresents frof Ito 100 but is
preferably from2 to 80 and nore preferably from5 to 50, as an

aver age val ue_([:QO_Zé]_| 10As t __S',l,i.Q e_conpound (Q)a) represented by
the formula (1), for é&xarpl e, %iTi<cone? based conpounds havi ng

al cohol i ¢ hydroxyl groups at Obth ends may be nentioned. Specific
exanpl es thereof,  inglude X-22-160AS, KF6001, KF , KF6003 (all
rranufactured“ﬁg/&%Tﬁl-"EﬁawﬁT rﬁl_ccg[‘l'?_ca, Ltd.); gg(f%-ZOl, BY16- 004,
SF8427 (all manufactured by Dow Qq_[3ni ng Toray Co., Ltd.); XF42-B0970,
XF42-C3294 (all 15 manufactured by "Monentive Per ﬁémance Materi al s
Inc.); and the-ChieCHwH ch—an—eitt—end car bi nol Idddi fied silicone
oils, which are all comercially avail able. These nodified silicone
oi | s having al coholic hydroxyl groups at both egﬂi can be used singly
or as a m xtur@iofCHywCoe—ere Gther@bfi—Cf t hese, - 22- 160AS, KF6001,
| CF6002, BY16-201, or XF42-B0970 is preferred. [0025] The

0r oup 51 apr GSEHOGT By aR070r LR oA STyt G168y [ 0026] | Chem.
7] [0027]
iy (14)
~——CH—CHy— O~—CHy—CHy——
T
~———CH=CHy— O—CHy—CHy—CHy— (15)
CHj CHg
—“—CI:H—CHz-*-O-—-CH—CHz——- (16)
CHs CHy
~——CH—CH,— O—CHy~—~CH— (17)
[0022)

In the above formula (1), R; represents a methyl group or a phenyl group, and may
be the same or different but a methyl group is preferred as compared with a pheny! group
5  for the reason that the carboxylic acid compound (A) is liquid at room temperature.
[0023]
In the formula (1), n represents from 1 to 100 but is preferably from 2 to 80 and
more preferably from 5 to 50, as an average value,
[0024]

10 As the silicone compound (a) represented by the formula (1), for example,
silicone-based compounds having alcoholic hydroxyl groups at both ends may be
mentioned. Specific examples thereof include X-22-160AS, KF6001, KF6002, KF6003
(all manufactured by Shin-Etsu Chemical Co., Ltd.); BY16-201, BY16-004, SF8427 (all
manufactured by Dow Corning Toray Co., Ltd.); XF42-B0970, XF42-C3294 (all

15  manufactured by Momentive Performance Materials Inc.); and the like, which are dual-end
carbinol-modified silicone oils, which are all commercially available. These modified
silicone oils having alcoholic hydroxyl groups at both ends can be used singly or as a

7



10The compounds represented by the formulae (3) to (5) are
met hyl hexahydr opht hal i ¢ anhydri de, norbornane-2, 3-di carboxylic
anhydri de, and net hyl nor bomane- 2, 3-di car boxyl i ¢ anhydri de,
respectively, and are conpounds having a carboxylic anhydride group

in the mol.ecul e.. The car dr rgoes a
Fi ng- opeRg Adei% H‘qrgaﬁ%l%ln Q?W S *gﬁﬁgpggaﬁggﬁlu P Y4pr201, or
acti ve hydHaq0970supefaasedl5an al cohol i ¢ hydroxyl group, a phenolic
hydroxyl grouq—e ﬁ@ am no group, a carboxyl group, or a silanol group
to forman est ond, an am de group, or the like, while it fornms a
free carboxyl i Bhedollowingwiligleseri beconpmnidgychhavinga aabdxithanthyiirée group
groug, represeﬂf@@b?@ﬁp@fﬁlle'fﬁm?tﬁhéj?ﬁ? und (A) of the present
invention i1s an duct of the si conmpound (a) with at |east one
sel ected fromlf conpounds (c) represented by 20 the formulae (3) to
(5). The[Cthaxylic acid conpound (A) can be obtained by the addition
reaction of the carboxylic anhydride group of the conpounds (c)
represented by the fornulae (3) to (5) with the al coholic hydroxyl
group of the silicone conpound (a). In the addition reaction, for the
purpose of controlling nol@cul ar wei ght and viscosfty of the
carboxylic acid conmpound §A), the addition reactigh can be also
carried out 25 w u g\a conpound (b) gy oné\_or nore
carboxyl i c antyGide gfoup®in {(He nolec 3 nat¥on with the
conmpound (c) havi oxylic anhydride A-re':‘ted by any of the
formulae (3) to (5). [0028] Exanples of the conpound (b) having one
or nore carboxylic anhydri@de groups in 5the nol ecufe i ncl ude
saturated aliphatic carboxylic anhydrides such as succinic anhydri de,
met hyl succi ni ¢ anhydri de, Oet hyl succi ni ¢ anhydri de,

2, 3- but anedi car box anhydride, 2,4- pentanedi carboxylic anhydride,
3, 5- hept anedi car box ahhydride, and 1, 2, 3, 4- butanetetracarboxylic
di anhydri de; bsfsgrur phdf} ¢ carboxylic anhydrides such as
mal ei ¢ anhydri de 1-d0 .\ylsu00|n|c anhydri de; cyclic saturated

carboxylic anhydri des 10sWwch as hexahydropht halic anhydri de,

met hyl hexahydr opht hal i ¢ afhydri de, 1,3- cycl ohexanedi carboxylic
anhydri de, nadi c anhydride, nethyl nadi c anhydri de,

bi cycl o[ 2, 2, 2[WB7hne- 2, 3-di car boxyl i ¢ anhydri de,

1,2;8, 4- cycl olpHt aneh ahfdegez% Q%Md'bfytﬂ ﬁgﬁ%ﬁi&“gte (S)are

1,2,3,4- cyclopentanetetr oxyl 1'c di
cycl ohexaéibylaexahydiophthelis anhyd alﬁﬁywb@‘éanec étdl@rwap@nbrchuiemdooxyl ic

an'?%dlr ![ dﬁétht ﬁﬁ@ﬂboﬂﬁné—iltﬁﬂfc&rbﬁd%lﬁpﬁﬁd IRatlé, r@dp@o’tﬂfe f ﬁréd are compounds havmg a
met hyl tetra 0 i c_anhydri na ri de yl na

anhydri & ﬂ&%fﬁ? FLONP Y eorﬂglggﬂ Q Y&E%L{'rﬁ?%l? %t@rgoaﬁa
bi-cycl ol[rﬁlgagpzjlm@ -addition eef:tidn dvithea ﬁmxuonad: gﬁaﬁlb)hdféﬂng%n aaﬁ‘ri]mﬁidlrﬁgen such as
car bpx Li i sopht hal |

Caoar Y gh IO bR, SSnBRRAY BT Nl SR D) 3 chfboxy!

pyr onel 1SeUPe OBk ﬁi@pl ZUp &0 ﬁbl‘t'fh@l ¢stardond, ranaatddc gonp, od the like,cihitteit farms
pol ycar hgyesldafboRPRChdd %@gpﬂgg opétth o e%,ah%ﬁ ﬁ?dea%bﬁ@at Ic

carboxylic an? drlde |ic satur car box drlde or
cyclic unsat ur3t ey %’ﬁ’#%é‘ﬁﬂ‘i%’%ﬁ?@?‘?ﬂ@ £ Rroseft 1BYEREOR dhioedda LIb‘h as

5- (2, 5- diliowm airﬁla:hmdr(@)‘ww &) ledst Rt balkcted Syl BOEXBPSInHs %c)%ﬁz%ééi‘@é%}l c
an ri

52 5 e S S o T i somepiel (o BT 1, 2. o
| car box pildiGomdagtion oftthe Z&bnxylheardadadm@mup of te coatmoanid(c) baprmmm gy
one or I ule I s use
cobi natt aaTEep I (9 SR Aot BYBBTrbfoffRe Bigofe LambREd o

In the addition reactlon for the purpose of controlhng molecular weight and
viscosity of the carboxylic acid compound (A), the addition reaction can be also carried out

25  with using a compound (b) having one or more carboxylic anhydride groups in the



formulae (3) to (5), the compound (b) can be used as a m xture of one
or nore thereof other than the compounds (c). O the conmpounds (b),
since the carboxylic acid compound (A) is liquid at roomtenperature
and the cured product obtalned by curing the 30carboxylic acid

conpound (A nd th OXy resinis e ent in transparenc
he)r:ghydr %CI]II m o liop)é@ e compouncf ch a\pmg a car oxyhcpanhydncyie represented

1, 2, 4- cy by eherbthetfoincdnd @b (- 1, 2- anhydri de, and 1, 2, 3, 4-
but anet etracar g i ¢ dianhydride represented by the fol I ow ng
formul ae (2), ? 7) are preferred. [0029] [Chem 8]

[0030] 5In th e compowuhibd bardng bye drsmorsedrbaxiybic eninyinida @rdupy in
is desirghl Iﬁolballémcﬁmtyaﬁu%d éllﬁ&u%(}afb"a ;/g g&é@ésesﬁﬂ é?é&éc %:ﬁ‘?raﬁde

nmol % in th Eota, he conpoun

The r eacP}e@H’ %‘F"lfl}?ear}g‘ﬂ’&‘% ﬁ’gly SpBIsrARhy dry t3hb‘%tﬁ@dwﬁliﬁ¥w ga(x@dn@g,,ﬂjdf-
W N0 SO Yo 2050 et e b o b O, EPDERT o
as it i sﬁ%ltm% g‘lg{f/’eoﬁ{-rboﬁ{l %ﬁlaaﬁ%‘i}l%?x gHEth\ﬂd TRHRLIE (Gar Q?(YIII% aﬁsp%lﬁ has
(a) rep (r]I E@E;rﬂ athylyid¢ hed fotecylsacdidiy anmgiridepcyetiopaurated @)bc(:@ﬂud ahlﬂﬁid rides
co n ude

apr ot o st b RARERIAN ki BTy R AR B AR AT 20 e,
di net hyl wafeasa@edecarb@ryhaﬁymd;mr radic @r&@ﬂom mndthynadie ehiytdrigehy |

ket one, B 1@9@2}@6@&&2 AR aBRLNG aﬂh?,r@FlHé w2 5@1&@Bbuéh%§%a% xylic
15hydr ocar ho su 2 a | uene and x ene %3’

the aro %&rﬁ a %B’ﬁg %ﬁﬂéﬂnﬁ%ﬁ%&}rgw lc‘ﬁ#?é’él& Eés. pahil &by be used
singly Ottyc&tﬂleaamettaumoﬁj‘/h@dhenlwdrﬂw @/chbQﬁ&@irate&b@b@ﬁ?h@&nl@ﬁnﬂé‘&uch as

A A e e

on 100 plapﬁlsflnbﬂﬂcmhgfmdﬂoﬁ 5 dlmett}mldl-cmmmnee]f 2{dh£arlm>dyllc anlkeydrakpandnd

d
E gl)’lda'[] heEl rﬁ’%”ﬁ@éteﬁ?b 3;] @g@ggﬂﬁfﬂmﬁg@ %Jtﬁrm&ﬁllé ﬁl)lha?}c@dgé Quch
cat al ystaSrPi’ymg‘é aﬂ%}éﬁ&ldes@a @?hyema%lt@ren dioanhydiide |tmella@|auh1dnde,
conpou ?oka%dwmnaﬁ?ﬁ Mﬂlﬁ}ﬂﬁiﬂfeoﬁﬂd?th@@lkg ﬁpddﬁﬁtfdnca@& lﬂilud@ﬁtahéiﬁg%ﬂrﬁ?@'l
aci rifl uoronet.hanesul f oni ne ic acl nitric
21 G0 114d SiSmaEes PRTRE pa el il B e CRpril &5l sputoted
hydr oxi desbasytit asisydsidd) ama dpotic oxsaterated ettt sylivanhydriox irdée seak ebmpdund,
hydr oxi % anﬁ' (ﬁ%ﬁdt%ﬁ%ﬂgﬁaﬂg n%e?lggb %e %Porﬂgxéjn%dﬁ é(%ag[% a3 1|c émhydrlde

trlethylamne tri at Iamne

conpound¥d<a@ss- é@xgvmé}'dr@ﬁlr@n -t yR Bt te@pbydrduaph;halene-l 2- dlcarboxyhc
1, 8- di azghidridd, o 5. 4. O] undec-7-ene, imdazole, triazole, and

tet %gzol e; qug{&gnary gmmnl um salts such as tetranethyl amoni um

hydfoxi de, SEHVVATFRORT CAmPRddR) pying eneros mrasp prebespiis ydride
hydr oxi d_a,eouliseh tabubdlebalenvidedn bNﬂbﬁ?&hé‘@mﬁlﬁh@@iﬁbﬂLﬁH@ d aéﬁfewnwalby the

hydr oxi PLAR | an m hydr oxi de Irinme but yl um

hydr oxi %S‘m@ ﬁg&%ﬁ)t SR @Uﬂ\ éF B?ﬁ 2TpiXAgE O Pﬁ% ;aﬂrfﬁgrg?t

hydr oxi mherttlmnrthcre@myd)mdnﬁn) ur@ﬁihb ovmpeynds (b)ei:m@mme hyib@mmmadim

brom de, | i r tate nd

(i gcty et confBpLATAYMRITER dth et Sl BTBLY AR ML B} Bidre 5!

as a0mi éY]éﬁ aCtlil\ﬁmapomﬂs} @ rand ik ¢noxpiresim éseeccelimt EI ﬂna}nsaamenw,

pyri di N @ex#HYErophiFRliB MhBRAIRPY DI Al Aok Enddi & 63¥yRE-1,2-anhydride, and 1,2,3,4-
butanetetracarboxylic dianhydride represented by the following formulae (2), (6), and (7)
are preferred.




[ 0032] 10The anmount of the catalyst to be used is not particularly
limted but it is usually preferred to use it in an anount of 0.1 to
100 parts by wei ght based on 100 parts by weight of the total weight
of the silicone conmpound (a) and the conpounds (c) represented by the
formul ae (3) 5%? (and the conmpound (b), if necessary), according
to needs. [00§§P 5The reaction tenperature in the reaction is

usual ly {Claam.&B) to 180C, and preferably from 110 to 140C. Mbreover
the reaction tine is _usually fromlto 12 hours. Mwv (wei ght-average
nol ecul ar wei ght) of Pt he reaction pr oduct c.' be neasured by GPC (gel
per meat i on chrosa o-raphy) Vh &R0 S gn is finished, heating is
st opped and, %pere the sp I 3 usg@ t he solvent IS
renoved undet p pré sure to 20 in An obj'ective carboxylic
conpound. Mwv (Wei ghtiy aver age nol ecul ar™~wei git) of the resulting
carboxylic acid conppund can be simlarly camfirnmed by GPC. [0034]
The carboxylic acid conmpound (A) of the present invention has a
specific structure, is liquid at roomtenperature (25C), and
volatility in the t@nperature range 25usual |y adopted for curing
epoxy resins i g extlenely little. Addi tionally, since the
carboxylic agl d (&) is excellent in transparency, it is
useful as | or nodifier for epoxy resin curing agents,
pai nts, adPesi ves, & articles, sem conductors, encapsul ating
resins for opﬁb@gﬁ sem conductors, resins for die-bonding materials
of opti cal ductors, polyimde resins, and the |like, a

30pl &st i ci zer ]n thel aabe whereithgcanpoundwb)iatueed, e compdunt €bYie degdiablyf ®ran

di d
esi - f oihgufBE's RESH LI PorEort MR 60 2 mghs i Bldtored ol of3RE, °
curing a@moméu(b)wdilge easpound (b is excellent in curing ability and
Lranspar ency dheklBighbethoRIRAHE Lo SRS i BEER Ry (Ratdlh 1 1S

extremnel se &&E}as a curin or epoxy resin se In

opti cal et 6‘1@“‘@%%{})%3&1 ‘?aﬁl’r‘ieds‘ﬂﬁﬁn aéolaemﬁcg AYith nauselyeats Bhe
whi te LEQIN03aY be used withhe ligetdton vk £ a86iisla sORBRUALCK AdesQiot a8t with

Peoins. HOF TRt etifind o SR sS1g e it ol B cRmiciing PO % e
conbi natdooxponid (b)aif necdssayy hc diaepdesouf vasblasdueritnnchglenprdtiorpotperlvents
esinS | 3oR k@R 51[5&% ﬁfﬂi’egﬁjﬂdﬁ@e%nmé‘s k@ﬁlﬁyﬁlf&@deafee%&hg&%h&ant 0

be m xe i c’ acl can be used as
far as |atcem§r116h@eﬁm 2 v&kqt@iea@xféomr@n@ mdmhﬁgsqb@adﬂcs@nemromntw

epoxy grr@ua)cwohs Juchiads b@myﬁd #ndaGilchea el e e boew tHeSe, AMBHaflE

Exanpl e abl e cu cel'erators incl amoni um sal t - based

curing JolincRo e Prﬁfﬁag%hgﬁwﬁﬁ%w % Buas i e $HELY L8 @ p &hixhgs of one or

i m dazolmerbalseebic uThagmaaniedfahasdvent (@ be ﬂ&db@ﬁ@%aﬁt&ﬂuﬂa}g{ Iaeied Bhtdt Br s,

phosphi cele fors o] - based [

accel er a’lﬁg@@ﬁﬁ g%ev(r\# é lt(gg?e ? paeE c‘hnrtf’ﬁ8m8égp ?@E{elg&ﬁﬁ#ﬁgnﬂpﬁé’?ﬂs by

[ 0036] MeRighttof Gasctotal wreight of ths@llappd: campowd (af artdtbe compogndadentepfesented
f tical

ePOXY T &5ithe FRARARI(S) mgi ﬁﬁmd‘ﬂ?@ q 39)5351 Eés@ﬂ‘%& opti ca

sem conductors such as Ite owing to
excel | ent tra[%oﬁé} ency, anmoni um sal t based curing accel erators and

phosphoni um sH the I?éa‘éﬁﬁln Gldatd Mgkt A ealsdd O ExaiRe PG shiolY b%ly}éts%ﬁaﬁaé or.
Exanpl es of the a ased . urﬁﬁgmaccelerator%blnc u e

t et r amretth cacfﬂmﬂua graailyﬁrgc Or1C acl acid, methanesulfonic aci

trlﬂuoromethanesulfomc acid, p-toluenesulfonic acid, nitric acid, trifluoroacetic a01d, and
25  trichloroacetic acid; metal hydroxides such as sodium hydroxide, potassium hydroxide,
calcium hydroxide, and magnesium hydroxide; amine compounds such as triethylamine,
tripropylamine, and tributylamine; heterocyclic compounds such as pyridine,
dimethylaminopyridine, 1,8-diazabicyclo[5.4.0jundec-7-ene, imidazole, triazole, and
tetrazole; quaternary ammeonium salts such as tetramethylammonium hydroxide,
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15 tetraet hyl ammoni um hydroxi de, tetrapropyl amoni um hydr oxi de,

t et rabut yl ammoni um hydr oxi de, trinmethyl et hyl ammoni um hydr oxi de,

tri met hyl propyl ammoni um hydr oxi de, tri net hyl butyl anmoni um hydr oxi de,
trimethyl cetyl ammoni um hydroxi de, trioctyl methyl anmoni um hydr oxi de,
t et ramet hyl anmpni um chl ori de, tetranethyl ammoni um br om de,

t et r amet FARSRHEIOORIEIYERX ¢ tetempamy|anamenBm dpexide deteabetylammonium
trioctyl H;adrbxid@nmmthmm ahﬁtﬁaumﬁngdidmé tri&ﬁethﬁisaiﬁ?lﬁn%uﬁmydromde

hosphonj ased cur.i agcel.er S.inc
el Rt T A R S AT L AR Y
tetrap heh;dct;dmaﬂglanmbﬂnylhi Iyidoerige, pétempioylammod e tiitptigdlos phat e,

met hyy hate.. and t e, like hese .
curi n %r@mg&ﬂhﬁgg{ﬁ%%l ng ’@%‘P"%‘é‘m 10 J[?Félmgﬁly WmBM Hor e
t her eof a@rat@,wedér@symﬁthyﬂgnm@oma@me s, Thasg nﬁalyyﬂsmmeearsm‘h wingly or as a

hydr oxi d ho e are
preferreglnﬂﬁg! Eid?ﬁ%%?ﬁdégﬁ{géog ng)lr?gl%@%ggbtg ] I cé??oﬁ?ghﬁlﬁ addition to

t he abov WWPX’&@@GB% CEGH ng accel erators and phosphoni um
sal t - based cur[om]accel erators, imdazol e-based 30 curl ng

acc er ators, cur ccel rat s based cu |n
accelerators. '%ﬁ Qr‘llinflgﬁglgggt& yéﬁ‘ioal??dlsﬁ ﬁ‘?’ﬁﬁgﬁ b&’(’:i‘dSB °
curing are fred a0 ossit imaambent|df Kel ma]N)Otpartsu bgwelgm@a@]ﬂ on 100 parts by we1ght
Exanpl es, r

2 ot hyt o oot WAEARA ARG Lobo RO B EE R Ao Pt by e
2- undecyﬁoﬂﬁ}‘@aﬁﬂt@(ﬁz(ﬂnﬁé&ﬁ@mﬂﬁ el {ngFessary), aCCOTdmg 10 needs.

2- phenyl - 4- e b(ng m dazol e, 1 benzyl- 2- phenyl i nm dazol e, 1-benzyl-

2- hyl i m da anoet hy1-2-net hyl i m dazo o
1- 33 noet hy1- %HQWPF  infhe geachioneis Hfrliaﬁz-ftmaéew 13 Garet e,
2, 3- di hymleferdbity fipnr bl0oto [131023 a] Menéﬂvﬁi d&Z@h@wn&nﬂc is usually from 1 to 12 hours.

di - h

o ot - QAU ARTOMEL ] Vs Sty e e by G
4- et hy | (2eh mzlgatg:(nlchyc)matpgta@hy)r i é&’hq:mi;he reactlon is finished, heating is stopped and,
2, 4 di anhiifs G wh@?ettﬂé( Yot eéeaﬁe)sbﬁig 1 8n I AR RN éﬁgs%feﬁo

aci d_addyc azol e I socyanuri c
2- phényI19 lﬁ%a&a Ecvgf'o%aﬂa?ﬁ!ﬂlic@oa@pw%adﬂw&welght average molecular weight) of the
2- pheny Ireshlingdédtyehy0s\uart doypothd 20 be sindhafh BN Amied B Gpé: 5-

hydr oxynet hyl % zol e or
1- cyanoet hyl- ESHE nyl- 3, 5-di cyanoet hoxymnet hyl i m dazol e, and the |ike.

[ 0039] The carbExﬁm;ﬂca‘scmﬁdehﬂ (AI)‘loﬂEhet}ﬁmdt mumtn)g lae aspedifit or s

| ud | i
Exampl od SPEL AR b AR TACT arkty bty A Ren@Pdplioes ¢

i ncgg de %Wchﬁdﬁ‘éted(fph@%rm WIKH wyfrsusl extesmely little.

1, 8- di azabi Cyg.'dﬁﬁ%néllﬁkﬁﬁgﬁfe c%rl%?{?rhc 'a@f'd%%ﬁqg)bﬁnd )'19% delent ﬁttfa?lﬁl?r&lcy,

and the.lik hosphi’ne- ase curl

accel er dt %l"‘éef}l]n?ﬁ e ’E“F“ieé‘tﬁ‘@’l %%gﬁhfoﬁ EPOXYTEFIN SUDE AERMD RRiRES, adhesives,

t [1 [ phﬁn%tﬂlqlbﬁism-gbl&e seﬁi’ﬂ)nﬁhﬁofsl, kxﬁ;apsulatmg re?&iﬁﬂfﬁ' ﬁc&fselhh%nductors resins
phosphi Curj ors include

PP b ot ny e BaReEY i SCorteRt Shfeoddie i pbl iy P e Srifede, a

aci 80 bagéndticiaer, ﬂ@ﬂ:mcabﬂl@orhrm aterizl adentBfRedintn et hydiearherss amdFPesticides,
di et hyl | a BE3.
S0p1 per aqr natgi o pEMMHATAER 2 (0 OPAclEnatl o B fobD g it

| aur y| afpereas FpEingageyt faRERAXY RIS if ia gxeelllgnt insuring dblllneand tkanspathecyenf
curing @&l ploan& m@fyoﬂﬁie eﬂéeﬁrénﬁ & eay lt% exdfenttly'h acﬁ?{fa% acbfunhgﬂaﬁag topre

t her eof 004 1146 ahove, each curin erator

added |ﬁ 8ifjr use Ifbomlqagsei’eicw“ﬁ?rﬁpcaysu oytichiss advghdy lumyimopar t s
by »ei ghthitefLBIlhe carboxylic acid conmpound (A) of the present

i nvention. [0035]

The carboxylic acid compound (A} of the present invention can be used singly as a
curing agent for epoxy resins but the use of the carboxylic acid compound (A) in

11



[ 0041] The epoxy resin conposition of the present invention
contains the carboxylic acid conmpound (A) and an epoxy resin, as well
as a curing accelerator, various additives and the 30li ke according
to needs. Exanpl es of epoxy resins usable here |nclude epoxy resins

Fesi ns. wAPBRIEEH yifer e abtrdRTEr B1 B BLRARCS! BF CHa 'SHSS AV BReferred

resins, ambogicient ehothe cueng aeeeleadttbpimaiel Iﬁlxe&(m(mel’c@lﬂjoﬂ?hc had empwzid (G-x)
| nex=b

epoxy 5??%?%%%%@“‘ 2 8 irde B BRAKY, LESIcnRe ol e featf ol Bt B ey

phenol s, gwma@ﬂsa@@bomh@cld YW Whndehm»dcngEampbsaf/u@qummt h

the of heaco%qératsannaea@aaaaﬁlun&:%a}éeea i ac@QlIeYarﬁ—F );ﬁﬁ@]%)}?on%\]ﬂﬁ AlppLgd

conpounds havi ng, an epoxy group wth the “other

unsat ur aP¥ RIS, M REolenkased gaing gcgelapfors, ammeaﬁemlmuegg ecelgrators,

epoxy r Sphmhwelba‘ébdadlmr@a)t@dl@l‘ﬁior@bh@iphitb%sdﬂrdﬁ@lﬂgtaéce@éraﬂék‘se Melyis acid-
conpoun

2-[4-(2, éaségcik%%%%@?ﬁtﬁﬁe%t?eﬁkﬂ [1, 1-bi s[4- (2, 3-

hydr oxy) phenyl[P83dlyl ] phenyl ] pr opane, bi sphenol A, bi sphenol F,

bi s nol b ,

di n&rtﬁyl bi sphg?]fgt e% fd}gﬁ{%ﬁe ﬁﬁ) Eeno&%gqglg&&ng?'ﬁﬁoﬁ{? o0 C%}Pp?—smon
t et r amet FyUBE Bmepriulagon @f ﬁﬁmﬂi B@D@Qﬁibﬁmrs Sichtagtaraghdy rhu}mmuawhlte LED,
bi phenol gwitig ﬁ@%ﬁ%ﬂeﬂttﬂan's é@ﬁ@“%momum salt-based curing accelerators and

1- (4- hydro -bi s- (4-
hy((:Ir oxg Xé% @%ﬂﬁ-ﬁém qubling ﬁ:cjﬁeéerators are particularly superior. Examples of the
2, 2" - met oiphmenimnbsadtt asad tinyg fctleratord ﬂicwdéhetﬁ‘@héthylammomum hydroxide,

b h
11 4y ar SEARORHR bl TR R S Buteosive, pbugiamrpgnium
f 1 uor ogl %de t@mﬂwleih)ﬂmmglm Hydrsmﬁenpmeﬂdé}mep}slhmmlmnn hptesiles

having ket IRAFIaRlEE b Ay ea?rhn]reﬂ]qlgetar %ﬁ%ﬁ{}}a fad | uor ene,

epoxy resjns whi_lch are eri ucts o ’yphenol

conpound&ioctylias a@mﬁm@n@wx LVBamaalymaomamopMmdau ke [ 0043]
15Exarrp| tegargéthylagnedouy brésidestciineihy R encHiNel i8¥ike ettetlaaﬁahyﬁﬁmwrﬁaﬂct s

| i ud t h f dyct
0 ar PBLs Mol D A e el éac'l Fhtaivgs " Barilen af Mobopmontia
such as sgahdnsdd curingswotderaatrhinchkle eﬂiyﬁnpba:ﬂyyp}mblﬁnmhlﬁn baclnﬂllczie |
| ph
g T
skel et ordi@@?hﬁthhﬁm?tq@ mﬂmltnb@mm%phcmmmshetlzﬂphczsphata;mrdtthdhbme These
skel et onngiap hadeMra@rNe)8s uﬂﬁ‘éﬁi 6r £se§1hﬂﬁureQJ£ ﬁ,’\;}ﬁ 3y l'nore thereof. Ofthese

ske% t on- cont ale%! ng pheno novg’ingk r.esins uore
skef 8t orf EBA A% ﬁgrsp YISehy BrRoniwg; hygro%%aqdﬁgeﬂlymbutymmomum
Exanpl esiim‘ethyl]mogihaceyzcrépcefap@gy resins include alicyclic epoxy resins
havi ng an 25a dr%)gt) tic ring-skeleton, such as
3, 4- epoxycycl xﬁl nmet hyl - (3, 4- epoxy) - cycl ohexyl car boxyl ate and
bi s( 3, 4- epoxyEgrdtbéregepkrabuvydppliediopatie ad@ixand te abbve hﬁnﬁhhmh@dll-lsased
epoxy res} h |.c Sich, as
P, ¢ SRR a5k el AL SRl B SHE
pend@er yUHAg peselerators, amine- based curmg accelerators phosphme—based curing accelerators,
phosphite-based curing accelerators, Lewis acid-based curing accelerators, and the like can
be used.
[0038]
Examples of the imidazole-based curing accelerators include 2-methylimidazole,
35  2-ethyl-4-methylimidazole, 2-pheny11midazole, 2-undecylimidazole, 2-
heptadecylimidazole, 2-phenyl-4-methylimidazole, 1-benzyl-2-phenylimidazole, 1-benzyl-
2-methylimidazole, 1-cyanoethyl-2-methylimidazole, 1-cyanoethyl-2-phenylimidazole, 1-
cyanoethyl-2-undecylimidazole, 2,3-dihydro-1H-pyrrolo-[1,2-a]benzimidazole, 2,4-
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Exanpl es of the heterocyclic epoxy resins include heterocyclic epoxy
resins 30having a heterocycle such as an isocyanurate ring or a
hydant oi n ri ng. Exanpl es of the glycidyl ester-based epoxy
resins include epoxy resins conposed of carboxylic acid esters such

as hexahydrq l'ic acid di cid est er npl es of the
gl yci dyl 4 22 gR a?@gdly}leﬂi‘%@r%@n%ﬁewlwgﬁ’ﬁ@ bt ai ned by
gl yci dyl ahd@njrhﬁﬁdammlé}ae&ypkm@&lmQMLmanm@GB(QDéthyldM@sthﬁﬁﬁidamb 9)ettlyl-

el o A R B o] PR B e RSB e s
such as Br dnett f@-etyhanddzolk, lscmyemmaaoeftj Zbplephkmidazéle ircyanuritaeit
bi sphenobyfict @ﬁi@n?ﬁ? %ddlﬂﬂfra%ﬁfmyl nfzof ghﬂ@i aqngAtﬁﬁSf . OHOVO' ak,

chl ori naéed bi spheno M}

The cond r&rawgefév igdazelsrpr d oFrgaenia- %thmb3érﬂ1é¥?@5@9thgﬁm imidagple,
ot her si kado®B likenpounds nean hydrol ytic condensates of al koxysil ane
conpounds haviﬁag ﬂn epoxy group wth al koxysi |l anes havi ng net hyl
group(s) and/ ?) enyl group(s), 5 condensates of al koxysil ane

conpounds havi Epgmqﬂemfahq/amnm&psm tiringodcyelemmedrhichideartethglahsnd, ng a

Ssil I IR si | oxanes having a silanol
groﬁigp o?{pg %ﬁglg?{er%g ounﬁ'gsl{d(;&ggg?ééf]ed using themin conbination.

Exanpl es of t rﬁzxaml@mféher beterogpetisowwmpwuhdebised caring peoelergiomipclude | ude
2-(3, 4- M&)ﬁ‘ﬁh@t'ﬁ?%)ﬂlﬁ(% yadidd, 'lrge&}&i%i/c%/bn?‘.@g;lundec -7-ene, imidazole, triazole,

2-(3,4-¢ hexk et Ayl tri et hoxysi|

10g! yci d%??%/ﬂﬁé 3t ]F‘?ﬁl]é% hoxysi | ane,

3- IgI yCi do})iypr WI Phdshofithe ﬁiﬁisbﬂmy—l?ohkeﬂlrtﬁmngl&dceﬁé}gto%'dhlh@ludé\&l6tﬁ'ﬁphosph1ne
po | in anog an e

pol );L § %t@?hqﬁgﬁi?gstflptém ﬁ[H dél%s]lﬂTegnol group, exanpl es of
COnmer ci aI |y dwairipdds|of iy mmsphm bfﬂscﬁ gugng@a@tletiBard indlikdedrifdethylphosphite,
(manuf a Chem cal Co., Ltd.), BY16-873, PRX413

( manuf a%ﬁ@?@x %ggwg%gfr ni ng Tor ay Co., Ltd.), XC96- 1 5 723, YF3804,
YF3800, XFsgeran#twf thavbensis aridebased ewsingasedlemtareickuds Blac . ) |

D|v5512 Tabko mnwss &et%ﬁa JBFm@nq%ﬁlm@@g%%ﬁzﬁmmef BEL Miffe BF,

t I nc. ners rrerlzable
uns Pur ot BB‘) g Eerh@i{}? #Js&WY&&&R&ePgFfsgﬁBﬂ b ?lf?‘selawty ine,
pol yner i teabylemines AsBy Atedamimepaidntls hkmc | Tictee Marirty aotlefat®d Emz@?oe usé@ m
U 200 ' - G 0150M idem G 2050M
(manuf ac %ﬁgg& gsegmgfg%orporaotq?%gﬁgtﬂeg the Iike. Exanpl es of the

polynerlzable[ turated conpounds having an epoxy group include

gl ycidyl acryh@tgpoed éﬁ%h@wmgséd%&&w @aheoe dded in an amount of 0.1 to 10 parts b
4-vi nyl g%tlclohexene 2-epoxi d al ?( aﬁ}breover exarrplpes of

t he 28t heVelgh Bedt p1 0 martivivareieh E’%fdh%eafﬁ@%wqmmmﬁéﬁhyf the present

(et h) adnydmiog, et her (nmeth)acrylate, benzyl (neth)acrylate,

25cycl ohexyl é@h )acryl ate, styrene, vinylcyclohexane, and the |ike.
These epoxy r may be used singly or as a mxture of two or nore
t hereof. [ 0048}1e epoxy resmm:otripesid:iaﬁ ef M@mehhﬁvaﬂmwonamsﬁhe Oarbasylicl aohl

of the S0hd Aﬁvﬁﬂt O ré“!s?rf Cci:s iu%llltagcﬁ cﬂ?ﬁéggc%&erg’tg 13169 3 @E\}ﬁg %nd the

seni conductor encapsul ation eri'a anon
t hod8 hdlherﬁlgc%’ﬁlnéﬁ@mﬂbqw val ent (neasured by the net hod described in

JI'S K7236) of Eggg Fﬁgg, l&?ﬁ& n
epoxy e%& Eé‘?ﬁﬁg p%@g% torgélﬁgusagreghepé%%ﬁ? %&’ Wgﬁg%e \él){(}\ﬁig?
the epo fs qfy F%Oé§0maﬁndﬁeepc§<ﬁéaslns vheh arg glycid Vb%ﬂ}%l’ﬂ i9ds t oo
har d an(j)rédtﬁtstdiTvaﬁoﬁsJ@&iJoMc 1REIAS, l@mcyambpbsay b@uﬁeﬁlmﬁh@ oﬁsmglns he

equi val er than .S ten encr}/ é
e-lfaﬁg epoXy

oot el niRlerdehob RS AR ehiold oo faed DS rebins
wei ght - amsagpowubsumbbmlmd“bglgiymdylmmf c&"rlmlﬂgyndted)phéh,ofsoﬁoﬁdmniz@em

and mor gi1RbA LEMBRINAsHa9 e tin®P8x} BroupQR: (¥R, Elﬂgoﬂ\@ér%%un%\é oddfmers
of polymerizable unsaturated compounds having an epoxy group with the other
polymerizable unsaturated compounds, and the like.
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5 nol ecul ar wei ght as nentioned above, fromthe viewpoints of
transparency, heat-resistant transparency, |ight-resistant
transparency, thermal cycle resistance, and the |i ke, condensates of
silicon conpounds having an epoxy group with the other silicone
conmpounds are &$a%£er preferred. In this regard, the weight-average
nmol ecul ar wei g ans wei ght -average 10 nol ecul ar weight (Mw) in
ter :jns of pol ysEyamplesof Wmepdmy ®sinE adivhede plydiely] stherified ﬂ\)/l@ﬂ)hétgof phenol
conditio n.c ous
condi t 1 ogmp ST SFL P SIS M 240 Mt -
Col umms: h@l@ﬁﬂ)F@@ﬁ)ﬂ]ﬂﬂU&]ﬂ@EﬂﬂMFbl@hsﬁoB@%h@mndd: bodpbend )S, 43F ow
rate:g 1. | v

5 1. QigHendl] RualRiny s RARCL, Q%ﬁagtglg el tatfflbislhdnol 7, or)

(tetrahydrofﬁran) Det & ract omet
[0047] 26MEhdBItPRMS oﬁetrﬁlﬁéﬂlaméew& dmnﬁb)rlb@mhEn&egamﬁthvhéﬂepoxy

resin cophehdl] aamequlmbmmsm (4111\5@fo mbn@[)ez f4-om 5id@-95 parts by

h f 80 f.th I
b R e G AN L R A A
cp?pouRg4ﬂabmwh¢ﬂ$§nﬂﬁedahylﬁhatbmwnmkmﬂi1mﬂgﬂnbh©haﬁ&semmnem&@nﬁn@n
W .
comSing %ﬁ%ﬂ?ﬁav. Sﬁ%sﬁ%i‘ﬁﬂﬁ@%él?ﬁmﬁ dlisditoblich UG dE
from5 tBthE’ ﬁdwm %@um@ﬁ@ eten @Icéraatbllydlﬂf -b rxa@ynlmnalﬂupm,semyy resins

ht 0
wei g Ofvhidll%r@gl‘%ﬁdyl SBbAGEP ﬁaﬂ&% aggd% g&gaé,r ) bgg \%gygﬁ%%lmﬁg

Eﬁifﬁgbgﬁ@g’b‘gﬁ‘iﬁ% rgll‘ﬁ{li‘?gil%g tomneeds [ 0048] The epoxy resion t

conposi tion of[OOzth present i nventl on is obtained by 30 honbgeneously
n1X| t he ab d|v u one at _nar. erature or .under
el eva%tg ed terrpcei:?/a leso I{H gpo Iés Wﬁlﬁg %e&%%gﬁqt%%% ‘i\"t?ésr d'apyus
suffici emﬂ@ahmmnmglduﬁbrglymdsﬂ@thwuﬁbg@mihm ocﬁsramg.lsamveldkrrasim' such as
kneader, I e

horroni xe‘%‘gmﬁfsﬁﬁé F%lg% oSG el MR ph ek rescy RUAADANEACK, BitBhendh,
per f or mi il actylphenols, BAb eI s bisphenebh. bisshenohBamddisphaeol|S, ked

35[ 0049] naphthols dsrstatrﬂﬁg SaeAlS; Q?lylbn@ @kelagn@gﬁmmﬁgﬁhérmn@maqyreﬁi%' n

co Slt .on . of ent entl 0 er. epqx sin curing
agert caficronraladiens skeleinrcaplmne Bhénl ‘é‘ﬁﬂ? sing} Diphenyd Splgson-santgining
curing agentl nsablkaesins;aadifiuosne skeletoaicod@inind pieasl fowddld@xyk, @id the
aci ds, clzﬁ&JI)oxyl i ¢ anhydrides, phenols, hydrazines, nercaptans, and

e

the lik 0050 ! The pol ybasi ¢ carboxylic acids include
al i phatic pol ¥ ic carboxylic acids, cyclic 5aliphatic polybasic

carboxylic ac 'E,‘iﬁm fls QR eﬁm?@lhcy %&Qesﬁ%rlﬁaﬁb@ hl?ﬁy@ﬁ& g?oxmglﬁ% H&Mﬁ% hf

pol ybasi ar. bgoxy aci ds hat 1 c
pol ééasi%m@aﬁ%&&ﬁlﬁiﬂ% eh Pﬁéﬁt?d’@xwalqhéxﬁdmeﬁlyl'ﬁ%F@@Pé}’)ac| d,
succi ni ccyalohexylgdrbbaytite aag ibth(3, mp@mfkgal@h&yhﬂbm?l)laﬁlﬂfd d, suberic

trl

1910, 575,20 E0 D PR L S PGB LA R o
alcohols such as 1 4-butaned101, 1,6-hexanediol, polyethylene glycol, and pentaerythritol.
Examples of the heterocyclic epoxy resins include heterocyclic epoxy resins
30  having a heterocycle such as an isocyanurate ring or a hydantoin ring.
Examples of the glycidyl ester-based epoxy resins include epoxy resins composed
of carboxylic acid esters such as hexahydrophthalic acid diglycidyl ester.
Examples of the glycidylamine-based epoxy resins include epoxy resins obtained
by glycidylation of amines such as aniline and toluidine.
35 Examples of the epoxy resins obtained by glycidylation of halogenated phenols
include epoxy resins obtained by glycidylation of halogenated phenols such as brominated
bisphenol A, brominated bisphenol F, brominated bisphenol S, brominated phenol novolak

3

brominated cresol novolak, chlorinated bisphenol S, and chlorinated bisphenol A.
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10l i ke. Exanpl es of the cyclic aliphatic pol ybasic carboxylic
aci ds include hexahydrophthalic acid, 1,3-adamantanedi acetic acid,

1, 3- adamant anedi car boxyl i c acid, tetrahydrophthalic acid,

2, 3-nor bor nenedi carboxylic acid, 1,2,4-cyclohexanetricarboxylic acid,
1,3,5-cyc|ohexR@EgLicarboxylic acid, 1,2, 3-cycl ohexanetricarboxylic
acid, 1,2,4,6 ycl ohexanet et racar boxylic acid, and the I|ike.
Exanpl es of t h"ﬁheanscaﬂaﬁsaoesmwinaﬁ ncsmpam@xlwmg aﬁ@p@b&y groah Wit thebimat i C

d, ht h
2" haphohaps RebbadFs e S ERN eSS0t okaruans comRumg Peving py,
1, 8- naphepeiyegredp whl?diﬁy@sﬂ;anashdvlngnexhymgmw@hmdfeﬂp}mwbgmb(sm aci d,

gc |6d @2 hb&%g gﬁhez%% cﬁfaaﬁl-gﬁ:ér i car bﬁifq P"m% lilaerng% noe%g H;' Q@%‘Eh en 5’@%&' Iﬁ}axane

aci d, 3, Bavipg ﬁﬁ%«ﬁ}ﬂ ar%qusdv@qu@e%ldéphenyuﬂomn%bawmgﬁ 8 bggqupcoracu d,
3,3 -bi pb@méhﬁtél@drd%&ﬂiﬂb@méiﬂe@ wiigbherft iffcorlbipheny | etheidscoxylic

acid, 4,4 na | di,carboxylic acid, he e aC|d
trimelliFFOX% ]iaﬂgc‘frf‘ s a%f&%é“li‘”@f %’Ouﬂﬁlﬁmdg‘;fé ‘ét ri carboxylic
acid, 2, Spcicynyqith;;yl)emgttrlmdrolxngdnecz -4 -dpoxyeltlophatiethyiteicthoxysilane, 3-

:2),52@2 n gjygldﬁﬁggrﬁgﬂo RERbAdinfie 3 %}?mdmé}g)r%pyh?etfl.yld:i‘;r,ngthpxysilane, and the like.
benzopheAsiiks I@M‘hﬁ@ﬂb’é&%ﬁ@e ]m)’ilmjg a silanol group and the

ﬁl ghgnyﬁ{)dl?@ﬂ?dﬂ%h@l@ﬁ&%ﬂﬁfd&ﬁﬁ&r}ﬁgﬁﬁa’sﬁlaﬁ&l‘ ﬁ'o‘ﬁ% r?’xg%mélie?‘gg co )%rcllallef acid.
2,33, 4 a"%‘?ﬁlﬁ %Jé‘aﬁ*- Ko?(w%l zl%fl' 87014(112@1331&%%%\%( ﬁhllnrléts'a&hemlcal

3 3 4 4Co. mcp))esmemhmemsr(aﬁamewyédlsybswd:omm Toray Co., Ltd.), XC96-

onaph haﬁfﬁ?birﬁﬁ@?yﬁég@é&f 35?%@%%‘?%&%% Meaterial Ipg b PMS-

aci d, anSHolL VIR 1 PMRSH 5 YM S SAL iVISeBRT, DMS-8B k émanufacturedbyaGigibss
of the h kb iige POl ybasi ¢ carboxylic acids include tris(2-
carboxye ?ﬁysocyanurat tris(3-carboxypropyl) isocyanurate, and
the like. | ooﬁ cssqiﬁéleasa@fu&kxm@rézaé pupaied qomentovzids havipthan proxy group

car boxy| wih ﬂwﬂéﬂ e&z\éﬁle‘ whsafutREPEdrp cﬁﬁamﬁs}fﬁb%@?m{)@@ dﬁ%s idem G-

al | et |C%1C3®§P‘6‘§§v¢%8§§§ﬂ3 5010 B e I Slycnved by NOF

met hyl suCatdporatioapdmddthe tike. eExarhsles of the @o@ﬂfbyldﬂbld Qnsaturated compounds having

gnﬁy 3 lrj;[ ?he&;lgﬁggﬁwg%@gé‘gg%%gi gcﬁ'yla%e hrcgio %?rd ;a%%, 4v1 w 1% cyclohexene-
but anet el.2@oexifenaptitlee likean errepdq, exmnhmescofa:hmmcn ptdymdnziaéﬁqumanmtad C
anhydr i dgymdaddd iﬁ%m'dle %ﬁ‘ahﬁ@&ﬁ%ﬁ%ﬁr@éﬂgg{ﬁﬁﬁt@g@ y o Oh%?ﬁ @@Q@QJ&I%S

i ncl ude he{ hydr opht hal j ¢ anh
anhy@ri d&c O%GJSY &%ﬂamx@%aliyzéfaaebwayicvel%wwaramdéh Jhlw odeaneraxyetic

anhydr | desy by diedaanay o BiDirasicho@hUSE dRorbi oyl col 2. 2. 2] oct ane-

2, 3-di car boxyl @%@inhydrlde
1,2, 4- cyclohe ricarboxylic-1, 2-anhydride, 1, 2,3, 4-

cycl obut anet efm ﬁxcaxabnwhd:ﬂecth&je;mxlyyehfm d@mposmon of the present invention is used in

2,3,
15 3 oY ErOREREARG! i RREA BN ] ARINAIAAE materals, smong ths epory
anhyAr | déSln% @Q%ﬂlh\]lng én ﬁBﬁ&d‘P‘D@Yﬂlmﬂ(m@amlm thel enethalddascrlbedyidr 181K
met hyl na@es)b@mocteudﬁ)o 2 aréilsﬁ?érfmlmﬁn%é lﬁtl%g'g,eaﬁlﬁpé anﬁﬁ&%@@d@

anhydrlde qgclo 5- oct ne- di car

the Iike:1008/q Byey 'hégp 15ferede t#l?ép@a'r% 1Sa1ﬁWH?1iﬂi@§g/Pﬁ}ethﬁde
pht hal i muﬁdﬂlptddu(ﬁestobﬁéﬁ’&ﬂaﬁ'a@uﬁﬁmrals dnckd %h@lﬂhbéﬂ ﬂe@at@d\ hYthﬁlﬁle

AL Iegqlux(%/afj‘enp Péqgrlggrethal? )er(aHE gllelqI tthgre }55 3 Qen}iency(%ﬁat s &ﬂness on tile surface is
35  generated.

Moreover, the weight-average molecular weight is preferably from 1,500 to 10,000
and more preferably from 1,800 to 5,000. When the weight-average molecular weight is
less than 1,500, the toughness of the cured product tend to be inferior and, for example,
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I n addition, conpounds having an aliphatic carboxylic anhydride and a
cyclic aliphatic carboxylic anhydride in the sane nol ecul e, such as
5-(2, 5-di oxot et rahydrofuryl)- 3-nethyl-3-cycl ohexene-1, 2-di carboxylic
anhydride and 4- (2, 5-di oxot etrahydr of uran- 3-

yl)-1, 2, ,4-tetrah¥dron ht hal ene- 1, 2- di car boxyl i ¢ anhydri de, and the
li ke ar e ™SRRI FdEe %{1@3%2}“33 such ag¢ragis) 183y be genseatprthsnpthsrme eydeltest.

bi sphenolWiken thé speitpaierge Biotdehrn Wei%t isAarger theh RDB0O)] the viscosity is high and

t et ramet hyl bi A diret hyl bi sphenol "A, tetramnethyl bi sphenol™ F',
di net hyl E‘u}(’ép"@%ﬁgﬁ%{s"?gﬂnfﬁ?rhy| bi sphenol S, di et hyl bi sphenol S,

t et r amet hy1- 4, Amonpithpheposy xesdhsri_&alvhggjlihélﬁpbx-ytﬁqphmbyﬁ pikthe lweight-average
1- (4-dydrnm g%ﬁ [én;%'nfi el z%'oﬁé,(ff'dm ?he5viewpoints of transparency, heat-resistant

hydr oxyphenyl ) et P [ propane, _ _
2, 2" - met AYRPAENRY, -F@tS@F Irgnsparancy (tegrmgheseds Jesistance, and the like,

4, 4" - but ybiddaneeddilzoRRbhipbufdst ik it epbRPERAb with the other silicone
trishydrox hera Imerﬁlg ne, resqrcinol, hydroquihone, pyrogalll ol,

phenol s ﬁ%ﬁgﬂﬁ] ga{:ﬁ i gffrli’fﬁ{?ﬁeaene skel et on; phenols having a fluorene
skel et on, sucHnabhis 1¢g‘afd1ithe4whi)g¢lt-m(ey@gha’ﬂl ylgélhlmf)wgigﬁﬁ Iél_@éﬂéﬁ#ﬁﬁlﬁttzﬁéfdgé

usi vari nol.at ed pal.ybut adi ene, eno :
crego s, é’?#@f‘g%%k Q’I%\ﬂgl?{/ﬁ%%ﬁggﬁP@?tygﬁgg%t %thg%eragyre i“&ﬁﬁéﬁ%f&%&,"”ng
bi sphenotorditignsgisinaiC el pachaatiph chiohsitegsaphayy mat eri al s; vari ous

novol ak yasostisBndfr Oyl ene skel et on-cont ai ni ng phenol novol ak
resins, di cycéﬁgﬁr}t adi ene ,skel et on- cont ai ni ng phenol novol ak resins,

bi phenyl skel Hecivies; Thimgdaneoiprralgvol al ¢ resins, fluorene

skel et on- cont aldlimgs: Thead ConvoSBODES GPE LRHL F1803 Mthree columns(}
skell%ton-contﬁ;l ni n% p};ﬁﬁﬁ} novol ak resins, and the l'ike. 35[0053]
Fa Jn

Exampl es of t AO‘W Pncl ude i sopht hal odi hydr azi de,
adi podi hydr azi(éhdyms édraooatutey d022i de, decanedi odi hydazi de,

2, 6- napht hal e@%weﬁ%gégplﬁqyg%%bgﬁgﬁﬁ% the like. [0054]

Exanpl es of the nercaptans in ri‘met hyl ol propane tri s(3-
ner capt opr opi c&qr Rgéfhffa@ﬂwlﬁﬁffﬁﬁpmﬁ@r fetbelei)3- mer capt opr opi onat e) ,
di pent aer yt hr ijg@i7)hexaki s( 3- mer capt opr opi onat e) ,

Sbi 205 ror cap OB GPY Y G RAPHR X B SEFPORF Bithe epoxy rsin composition
t et r al ds{f3herpresap irnkutiyn atedom 3,t3 95phﬁ§.2 Bj4 afgighh preferSany 1;:r01_n 20 to 80 péil‘t? Ry
mer capt 1, -t i axi.nes 2. 4. ,3H.5H) -triong, a e
e OOREH STHHELAL s eI i 8D Gt B giicn hraipR oL e con
si ngly compsuad (B)xepresentsd tywibe dormmba € ) ofi trequésehhinvérgticnasich tileaoepohads
car boxyl i L I I ed in
conp nat el SORP R ) () e Sabobidl BTk b St SliRe

noant taéﬁls@l guR. Jf BRseeserRdira® 1 Wg% nars biy sraightoprefemably: fiobox toi &) parts
aci d corgyoueight(of)thd Epoxh@edin bitnehtisnAdbBRE AhE fioth @ ] ightor €
and preferab gO%ép \?e}q ore erLe. ﬁ‘{50(5564 %Nglﬁ(?@%; ?yln%gggsﬁgr‘%lgg@
coupl i né’f%i% YY %mpgllt’)u%sst&# arts by weighifithe cyring aspeletaiqgegordgrtpgeeds.
5conductive f[0d8particles, a phosphorus conpound filler as a flane
retardant, a bj resi nd..t h iLke can be added to the epoxy
resin conposi ?Péc: %xfy rgg %légg?lgggehﬁ{m :8#\;’5 fGSgiy nvention 1s %Ealﬁ?ﬁﬁa E¥ of usable
coupfi p@oa@gme;ouslm ahiging the Rbovs-ibdivethabeumdnagts ageorisl sangperatare or under
g: g: g;g: @éﬁfﬂ‘a?gﬁﬁ#é&éﬁf M??}%@;gﬁe é:grélposégion is prepared by sufficiently mixing
gl yci dowg.b@q %%?WE?WSH&%‘?’“@H@; a kneader, three-roll roller, a universal mixer, a
g' (3,4- @Wbélﬁﬁlﬁliiﬁﬂ,@(y@ﬁ?lﬁweﬂaﬂ HORA dHPEE IalRRE mAD 'E)f\ltl"{e)zlﬂ%rﬂ-nﬁpﬁhgé’ésgary,

- am nopr, TE i met hoxysi | ane - am no -
ami nopr g’ﬁ%ﬁ@ﬁ?&ﬁ%’?%tﬁ% ?ﬁtﬁwélﬁhéﬁ&fﬁz%%;%% [}K‘?-et hoxysi | ane, 3-
mer 2apt opr opyl00#Pret hoxysi | ane, vinyl trimethoxysil ane,
N-(2- (vinyl bepzkt 8hd 4 ah Uiling Sger? Th' BRTCBBYY testr BHINEH RN 3 present

invention, the other epoxy resin curing agent can be used in combination.

le



30neoal koxytri s(dodecanoyDbenzenesul f onyl zirconate,

neoal koxytri s(et hyl enedi am noet hyl ) zirconate,

neoal koxytri s(m am nophenyl ) zirconate, ammoni um zirconi um car bonat e,
Al acetyl acetonate, Al-nethacrylate, and Al -propionate; and the |ike.
These coupling agents may be used singly or as a m xture of two or
nor e t her eof ?@ﬁﬂf@l@mﬁbe ePoxyIBEscyEnS sgenhiisable insomdinationtieslidd padyhtsic

i mpr ovenggboRflichRIANESE0:3AR anh i ded! Hinols AekEdAnea! BeR%pans, ahk gaéayk e he
use of the COL@h%@lg agent. The coupling agent may be containe
usual ly in an nt of 0.05 to 20 parts by weight and preferably 0.1

to 10 parts byrh@(gjfﬂasid’batﬂ‘dﬁyﬁ@mgds rr.eﬁj_lc_lﬁ aﬁplliaugqjol)i‘tﬁﬁic Qﬁrb‘oﬁﬁh@ﬁtﬂ@sﬁ Bclic
inventio . e, usabl e phors. i.nclu

phos B“‘{hor 211@1 gigg bg Q)B %Aégal%&g)g coarms({S ﬂrﬂéaﬁl i 88 8%1% CarBS’f’ﬁlgsqc}cf Sehgtgroeyclic
phosphor golybasioeaboxatie apid@sqmddh%hk@nd sul fi de phosphors. Fl uorescent

t d
ﬂ] Ce)ng o'sSE car%[&gl 5&@@&@9&1&% gﬁlagwéx?rb&gla%agfq;ﬁlgcﬁh%én@@?# fiifafb%c

i ncl ude #3 P%m’GfaCEJ]p whttarq acih adime acid, mmeligadd, ﬁub@rlc aidrAzalgic E'ziidr,con

cal ci um sdbhéieatid, 1,0@-piopetasaARNalie aclll | ONbeRAQEERartxly]i6 B8ld, and the
nitri de,lgoron nitride, zirconia, fosterite, steatite, spi nel ,

tit Nd tal c or beads obtained by formng theminto spheri cal
shape, and t héxairipdes cﬁyhad}atlmghp]immcmmdz,r}gmn|carbbxj/licedc,1dsi ifclude 10

bl . i
Phe v s o Bl fis (4 ARGANGeNd A, o S PIARER ARG ERIN &
i nor gani Etrakydrephthalie @%Qrﬁtn@*bomen@@@b@aﬂnc@cﬁyl edi-gpreloliegansdechrboxyline

epoxy r egdid) 1SRER9hé e Rloattb? mf@o‘f&rltz BIYEBhE Exadm! £3 60f
usa | e hi IE)&% thgrrm 0?1 Sct L&/Bé |ne partlyc esﬁ?%% Qgé%}lértl cl é%ggf

al s© X%t%ﬁ °§Y JGAsHd “iron, nickel, tin, alum num
Cobgl t, and i rEiampsianﬁtl&J drOMﬁtlé b@lﬁzb&‘a"ic cdi@@@hc@!ﬁid@ﬁﬁ:lmdhﬂ@eﬂlc@ci#n num
oxi de, 0 nitrides such as
bor on ni TG RE S od 10 BN GR e ERe R Re d o
gr aphi tenaphﬂabm@lcarbnwlmchbd %n@hkhalmﬂahrb@wm@abuha}?a-l cl es obt ai ned
by coati t i ke. By
addi ng trﬁghﬁ%&h&@%ﬁgﬂo@%b d11’t1| vﬁﬁiﬁt?lr?g %%Sqrd%@ﬁ?d tghﬁ)
t hef pipowyliq gead n%‘@élplﬁp@émﬂﬂﬁf‘oﬁp%é’lﬂ be i nproved.
[ 0060] blphenyldlmmx%fhﬁ Q@ﬁpﬂ‘gﬂbﬁ%h &1@aﬂﬂb§5€llc%m)qm@ﬁ3hgﬁjyldﬁ%rtfo§?ﬁé K48

t ddj
phosphor v N whREUG L APt P wale arid, $4th as
tri n‘e][ hytingphdgpdiedrboxtlici aeid;}lzlbzlnphdhpbatld trimallﬁtﬂi&a,yd tfimesiplaaide 1,2 4-
t e C.

C; ;éyl %@h@gﬁﬁﬁﬁ%‘ﬁo@%i cgpé QQ%H%:[ g%"yilf &F%P&Hyi’ham acid,
phogéhatlfé?hmtlc m@;h?éfwnelhéb aeiddi.f W,é'ri;ﬂnzmimsgthmta)carbanmmdd 2,2',3,3"-

bi phenyl |
9, 10- di 3?%@5%&%8%9@1%&%% ngli\f’a) %%rglzzogﬁ&{b_ng%}rgcarboxarhc acid, 3,3',4,4'-

10( 2, 5- y %gﬁ&ﬁ@ﬁﬁl}ca 2 Srirbiphenpliestasarhprdiscackh a3 #0- oxi de:
phOSphorhquheﬁsmétmcmbngylecpm& APROUDHTIaGbhaiined 4. 30 reacting an

R KU N A L N D
phospho rrlaphthdnn%temmadaoaph(x yc1d,cﬁxji),6;ﬂﬂnkaahﬂtadaemteﬁﬁﬁrb@quﬁmd;d .
s, BB 1 ¢ prenyene (ot e
phosphor us- coEKﬁDﬁlﬁhg diﬁvf@dﬁkﬁ)nﬂd asic garedrgilic @dids Wedudsoris@nt of t he
phosphorch%ogpith) RoBehnvAP IMET-dafooxypropyl) isocyanurate, and the like.

[0051]

35 The carboxylic anhydrides include aliphatic carboxylic anhydrides, cyclic aliphatic
carboxylic anhydrides, aromatic carboxylic anhydrides, and the like.
Examples of the aliphatic carboxylic anhydrides include succinic anhydride,

methylsuccinic anhydride, ethylsuccinic anhydride, 2,3-butanedicarboxylic anhydride, 2,4~
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35 preferably as foll ows: phosphorus-contai ni ng conpound/ epoxy resin
= 0.1to 0.6 (wight ratio). Wien the content is less than 0.1, flane
retardancy is insufficient and when the content exceeds 0.6, there is
a concern that noisture absorbing properties and dielectric
properties of t cu .ed products are adversely affecte 0061]

Usabl e bpﬁl&télﬂedﬂfégl?qlfg i Xijﬂ’éleb%rﬁheﬁ’ian?@%qfh@‘yhﬁé’éhﬁi“qeeéﬂzr%i acrylic

resins, epanstetiydachioxiEs dirahydiBis; plhARMwidLgdfies ide8ecybioXinid¥BRy888d, BSd the
pol yam' dfkéneSI ns, polyimde resins, silicone resins, and the |ike but

are not ted thereto. The binder resin is usually 5 contained in
an anount of Oll@&yche Bliplpdictesrboyylieandiytiridesdnginéd bexabygrophibali¢ antddride,

Pverti oAbl bt ﬁ%@%‘%@yﬁi@?mﬁﬂeﬁ%&ﬁ%ﬁ AR 11 ves
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st ear ?t ez 3%@3&@1@%&9&%@@4@&&1&5@%@ t b&H1Rs ;aaﬂﬁgirfae ﬁz,l@'zgrrent
an anti o ahi | r ure resi stanc over,
a t hi xot Pﬁg@“rt‘#ﬂsgeﬁﬂrﬁg @aéﬁfi i rda%?ﬁgcya BRftancietfagathoxy r= dride,

i mpact r e2i4si-ayaiehdaxapstevatarboxlic dianhydiide] mgalagﬁf ophth4lt @ﬂwdﬁd@tr C

age V a [ra e 1 on- we n
Soon et RE SR Rtap Al LBl BRI priRaRHE SRGR SRR RGP 10
and a U\ﬂlatﬁih)ﬂ-tﬂefrychl’@@ltmkﬁt bm@écmlmgirrdesblnquO[@rﬂﬂ]eﬁ-behenv-ar&-ous

resins cgi@allggx fdeflyiQdd RRd gienpkl e resin conposition of the present
i nvention. hesbgvare added to the epoxy. resin conposition of the

present inv e n t}-:r"éﬁ1 of tha-ArRBtiK ReRerPisrankigdriqey grrdyde phthalic aphgdiidroxy

' esr n coﬁpgﬁhaumhg»anddw@er@;ﬂﬁmmmmw trtfel A aﬂﬁydyﬂe%&a&neumar ni sh

k after wiith a solvent according to needs ny sol vent can
be &ged aargl 93&1 gﬂf as a high solubilizing property toward

i ndi vi dual coriqnarhbtlbls, winponadclavivgxa dliphatid carbanyio anbydrije aofi atdyehc
present é.lfb\ﬁgf"é &eﬂﬂox deYae 1ﬁ J'sarr?e rﬁﬁfe!:rgg gé §4 ftﬁocfl Qt?eﬁ‘r ¢ eg‘{rryl)-

18 2R
addi ti ves an n(}ﬂl reacti ve ecr
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gl yéol nonone et her 3- met hoxybut anol , and

3-met hy1- 3- rretEJmmptwtoﬁﬁrd pheabllsylhm rgbpre@él Aetmgrheﬁaet, als ﬁexﬁﬂlsm as

ct hor - aclPi Bl IR AGTE) oRETh IS RbLX, i WOy ane
gl ycol rrbmtkwﬂwphemierr tcimm@h;éblsgxml &ohmbﬂuWW1slmeml£, égtramethyl-4,4'-
3 et Y dyighdiil, ResubyLy k- egﬁé@&@agpggﬂ (@t@ntp g%ﬁa@pz PRUD] g ar omati ©

hydrocarbons such eton such as
aceténe, Yrﬁ‘ﬂ*‘lﬁ?heléilﬁmylmé?@ﬁk’mm‘@? R -metBpiges Pisdemsthy]- Gdyﬁ’rfblﬁé}llaﬁm@ﬁe
cyc Iholoerxt arwtfyeldeaétdls@ hre@tmosyreﬁ Hﬁ@ﬁﬁyénog ?ﬁkﬂ?&ﬂgﬂfhen?%&ﬁa%tesﬁ&c?ﬁl |
2~ by o SEHGIoRH YO el BRGRY 3 STRGRIOAIIIene A DT amopsibHavEs &
rret Ey: rfw:brr@wwkeletoat sychets Hyl - dh&l—diym)owpi&h@lfﬁwrdmut ydvoﬂakdre@myagﬁg &futous
me a

ot IS N ool AR Sl i,

3 hy@r owt}ﬂmﬁm@habléphem £ B)quhmi@nanépamr&mjyas raw materials;

2- hydr Omrrguiﬁﬁid%l/ék%ﬁﬁ@ Al M@{?ﬂﬂéﬂéﬁ%&l@ﬁﬁh&ﬁ%@q g ghél{o(? R¥bolak resins

nethoxyg@ g@ et hoxy cetate acetate, propyl
et hoxyadet oeems he Sl%ﬁt Fienyariataier eﬁeltrrgmolaiuew pYloWk st eontaining
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o PR o s AR BT
[0053]
Examples of the hydrazines include isophthalodihydrazide, adipodihydrazide,
sebacodihydrazide, decanediodihydazide, 2,6-naphthalenedicarbodihydrazide, and the like.
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et hoxypr opi onate, butyl 2-ethoxypropionate, mnethyl

3- et hoxypropi onate, ethyl 3- nethoxypropionate, propyl

3- net hoxypr opi onate, butyl 3-nethoxypropionate, nethyl 3-

et hoxypr opi onat e, ethyl 3-ethoxypropionate, propyl
3-ethoxypropi()@ﬂr;j[ﬁ,t and butyl 3- 5 ethoxypropionate; ethers such as
di et hyl ether etrahydrofuran; and the like. In addition, as

Spr ot ihcI pol ar Bximvsed of thelnreedaptend ﬁroﬁ&]mtﬂmeﬂﬂldlpﬂobmieat&e@%m de,

t
These ol ek iondarb ANl i @0 ke ook iRoniel S thyaeryivial 1,
wei ght i hexalk@(%m%ﬂptmqmom.*@pbﬁ(ﬁrmch@Iﬁtomelowlehbtham]elsoq:}(anurate 1,4-
accorgli ngIS(Iﬁﬁ'féﬁ:a toBufyRR %ﬁ*taﬂ@%i’eﬁtaﬁaﬁﬁr&ﬁ‘i& 3l 'togou.ftﬁﬁﬂgg ﬁttx?s(g

varni sh or "i nk using so vent gox esl n _conposi tion
pr esent P}‘?Ff@ﬁioiblﬁﬁ’l??ﬁﬁﬂﬂé) Lésrteariss 2% @f%}%ﬁmﬁ*%%éﬁlfi@@ﬂ#k@ a filter
of 0.05 to 2 Joossiccording to needs. [0064] The foll ow ng
w | | descrlbe.lfﬁ]e case where.the epo osi tion of the
15pr esent i nventT oY TR FUYe %ﬁ‘?ngsrfeg?bé%P |S 253 X te of two or more
di e- bondtheggoiat larthekaseorvheopthecatboselic axd dorapoursl (A) @0 @] present invettivr ige
cas whe i f i L

od o LR EaRBiYof o E BT e s NRABREE APYe, Y G0 g
s e i co ndl&@ﬂ&f@d% dhkat ke ramg of Hegarbpxylier¢id @Qnmhmcb(A)EmthEt total epdixg/agents
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es

al so other add such as a curing agent, a curing accelerator, a
coupl i ng mat eMNext, if Ascessaty, @codplivg, agaﬂtd a@h@i‘}ihbﬂaﬁﬁﬁbgém@ﬁ[lelaﬂikhlﬁth@ﬁﬁd
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R G s
25 | ande actay eelt tepax ®io dencmderntjo
thpgremrioll rolg i Xmﬂﬁms E&rﬂ@lﬂe oD r,
o %omge}b@é é‘?%’ H%fgéms hcRIBREAR! Yasld ¥SUotind o Cgagggqaﬁ%
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el ement %ab/ﬁldammaylﬁmgﬁqhyxyseﬂﬁmaécglyvmmrmbnp yidémnf@axmlaa@rﬁer. ng a
sem COndgl?&l%xﬁﬂmﬁdﬁ%@lcﬁﬁleﬁ@ﬂsﬂa@@ 3CREp AT cy EF ) el fEAmelHAR sﬂ%ﬁe

apahi r & Eghafinl Eamg aw%nh@wlcﬁﬁéﬁwm an?(tﬁiz"” ae?hyih%raaehiét

si nk, orarmnplaopglgteth;dtmgethmxmﬂmBmmlﬁ@prepylhmdwmgllm;y| al). There

5o PR o Sk ElAgRS v PR, SOBNSSHA Samingeed

chip fr mln@mppbl#@nﬁﬂwsmﬂme inHOfpiﬂ@ldea3fm¢tbacwﬂol’(mpﬂ¢mmcﬂlonysﬂm 3-
sem Conddh%reﬁroﬁiﬂlh{étlﬁyﬂdﬁ%%@ﬁhaﬁfeeﬁld’% o aﬂﬁﬁ%as%h

ﬁ@n%% ﬁ:£n| A
such _as an CPOoXy I esln. OXé resin C 1t on resent

i nvént i FRUBLRE 3genfisugh Q%ISPH‘@P HaylaginesguzmBO)HAnase, 1ﬁﬂpé011¥énd| ng
mat er i altmsbﬁteatb?h\itaﬂates tlfﬂﬁiz‘um di(dio&tyﬁ@,ﬁ&;ﬂfbbﬁ[ﬁte)b@ydé@@té f&ra@s@ﬁiﬁ}ﬁ resin

oo i e tnh R BRR (il SRalGy iﬂ@%I(Q@gvfoe%?amm%&eayﬁim@

of ad her'almgmuh]eom?émnnmndhased cogiling agents kechsastitacatytacatate) gr-nitehepdaty,
resin comashbhal fhalkBey BASGH:, n@gﬁﬁ&l}%‘?snle%%%é jl%as Xy resin

HEOSIt tinvention 1s 'SP énser,
pot 8P ng peprlkeeagdogncrpeyl gnzangenl Sarl @mmaf@t moaﬂq@kptriséetﬁylmedwdnoethyl)

t her eon zﬁ@énd%@%%oﬂﬁé}tﬁﬁsﬁrﬁatﬂﬁ{ofpﬁér{ﬁ’ﬂz1rdéfﬂ% e mbhRinP AARRE B&bOfatE 1P

can be adhered. For thod of hot-air circulation,

i nf r ar e@°Ft% Cetﬂi“ﬂﬁ 41r18 wgkﬁtw"im "BFOPLPNELS; 2R Iﬂ't?al Iebeuerrp: oyed.

AE htt_'aat1 i ng C?Tﬂm%lcomslmg‘ agrenaxmymeeusea@im@l}tam% 8o ofﬁw@@pxgoﬁ‘tgereof
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internal str e@%prg BgrB%rn 3%@‘%%%"389% %bﬁggﬁsecrf}?ﬁeﬁgl a"ﬁ E&Vgﬁﬁ%‘)feh dness
pr e3gur iofithecaumedyeropeats mermdecaableby the w2 0CtHemouBlngragent. e STHecoip g agent
and t hem, RARt cofitkinddhsEATYy RSt BBS 03% 26 Bark by 88GnT Sla H0ePIbiV' $ %o

10 parts by weight in the epoxy resin composition of the present invention according to

needs.
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As a nol ding nethod of the encapsulating material, an injection

met hod where the encapsulating material is injected into a nold frane
in which the substrate having the 15sem conductor chip fixed thereon
has been inserted and then is cured to achi eve nol ding, a conpression
nol di ng met hod Wgﬁne t he encapsulating material is injected on a nold
bef or ehand, t h conductor chip fixed on the substrate is i mersed
t her ei n, heat The nsablei hopgtickoinehde phoghhbisench BEY A ghosphdre| RS eHodphens)

t he nol d u

et hod, - 3 e BhdiBhort ARG B bR SR A B g o8 Reep
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can be used i i ous use applications including optical parts
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pol g.l’l i?“n%he%@@lngeg?ﬂﬁéﬁp fb’o‘?‘?‘%ﬁ? }qﬂgﬁﬁ ﬁé ‘g{ﬁpéq:g]g g’f Z(?t ion fi I ns,
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pr ot ect ijke. flrhérﬁh@&)hatefé%rgk@sfﬁms Haﬁ6'§ ogb h&ﬂ?—%hﬁaﬁﬁﬁ%%d% iéngﬁﬁrﬁis

oS wetrisd s R TSebR b B b
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content exceeds 0.6, there is a concern that moisture absorbing properties and dielectric
properties of the cured products are adversely affected.
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t he periphery of optical switches in the optical comunication
system They may be optical fiber materials, ferrules, encapsulating
mat eri al s, adhesives, and the like in the periphery of optical
connectors. In the optical receiving parts and optical circuit parts,
they may be | enses, optical waveg-ui des, encapsulating materials for
LED, encapsulaH‘ﬁ 30materials for CCD, adhesives, and the |ike. They
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phot oanpl i fi Q tiaqn hat a ht conver5| on

photd- optasath Sfélﬂe s)roeeﬁ%?waqdén%t al comepanants |98 theeqar ety a@fi
or gani ¢ coph@unB @A} 6f the prdsbRt inh@dtiRn] 21 OXZW%%ﬁhlg REcIRRRE, aaH iHep

| ts,;adh d.the lik 15T | a
it o 1o AR B Kot B heryriRly, 'SPt exitnicy Brent L eAls e lseh

condens eassnetharshsitlsoot, promhinolj @ad bltaghlt glgnoltdthergsubhedeshyldne, g1yl , an d

t he ik | k

& and EpRA AR ARTELL O hBlocbemb ey [ leCHg%’sa |
m)uﬁﬁl ngrepylere giaeqia@fepnmleﬂ eﬁ@r eene@nuyl@enxo(l Latnd S lﬁmﬂiyl-ﬁonethoxybutanol
rei nf or cgiREte %ly@d]‘étﬂe?ﬁcétéltléﬁsucg% Qﬁl?/?dne 1 col mofiSet lhz‘ﬁ‘ierlaé@[ate eth lene

appllcatlo tical materials, tHere nmay be ment:oned eneraI
use applglﬁ’:&i Wbﬂe?t CIAFS AR P&HWF@(S%@EP’PP%@ ik %thﬁfs%ﬁtatq;@l‘opylene
exf[arrpl eI glydog mnmd ybﬁhéfei&élawl anétﬁb}gﬂm’v}@%cetgé![ ?h&th}ﬁ%bfhﬁﬁybﬂiw e,
mat eri al s an i Nsu

mat er | alagd%’&hr}'g FHl | #3‘08%9?% e%OIBS%‘[rTﬁ%dm%\ﬂ%"d’FﬁP@ Weq @B”\)’/eorl}“?ﬂjs?n xyléhe;
25eﬁ@apskl¢tca188 ﬁg:ha-’genetsne angthyl eslyy] &dbing mﬁhylﬁs:usblmglhcfetoneee}rchﬁwambmhe
i ke. i did ng&oggql ﬁlb@m ﬁg)eﬁ‘tgﬂ&‘ﬁe" g%?é Tsﬁéh % %etth%l acetaﬁe ethyl

engi neerlyng ar chi

medi cal agelate, Prgbbasctaés bubl aggtaler methyk2- h’ﬂdrewél-tgeﬂmkpr@momwémteﬁlt}rh dd. O

t hese, Qﬁvdi zaﬂiaﬁ@wsaoh% REeG ﬁmbﬁyaeaheraﬁtﬁl d}&sraeet%y%&g

mention er é E\d]g i ves | éuag/er substrat'es suc

bui | d- ug’YQ{?éé’??eéftt Jnetgy a%‘ﬁd?th&l aefats: utyHladtatcomatiol arrydmaaneopionats,

suchsas ethyd 8+Hyidrdxyptopiieatd, ipkogyd B @%x&pidpfdhﬁﬁ:@ﬁ@t@l 3 h@ﬂto’i@bfo@wnﬁte

conducti Vgp};l blhn%iréxyg:-}nethnglﬁana\{e ethy? me%x%ée? e Splfgpyl met &y%géterltgpllngthyl
ethoxyacetate, ethyl ethoxyacetate, propyl ethoxyacetate, butyl ethoxyacetate, methyl 2-
methoxypropionate, ethyl 2-methoxypropionate, propyl 2-methoxypropionate, butyl 2-
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The followng will describe the present invention in nore detail with
reference to 5S5Exanpl es but the present invention is not limted to
these Exanples. In the follow ng, "parts" neans parts by wei ght and
"% means % by wei ght. Mreover, measurenent nethods for tests in

Exanples are as follows. [0074] Epoxy equivalent: It was neasured by
t he net h&FtETRRARRIS: Mgty ethogpropionss, @thz/élzwéhowprqwaﬁwmméa

lé|SI n? an eﬂqu?N%l@pfco)‘lE‘? B@ttypmreﬂ@s@pﬂopibnmet ﬁlémwpﬁnﬁa@lﬂﬁ@ﬁdﬁor&fte Kyt t ol
ectronic nuf ac measur.enent s e
nae_ul S SOPH ARG Pt Sim b b Iﬁ?fhoﬂﬁgolflp’c’?tﬁw@?fﬁ%?t ;
a 0.1 nolefhoxgproponstesetiylirethpdymepidaatsppropylGrethdksgeosionate, and boagd 3-
nmeasut ed t

Tovel oht < moxficpiiikfefihs sult R SPARE Glisuahydrofun; and the ke, (I3
per meat i 8AJIEAR, mpﬁéﬂeﬂﬂﬂr)sohﬁh@f dimetidi@ripymilei dm@zwlmtq@mda,tdlmmhyb\
guard cokgiakid lebdednitdle; ddithe Like 88fhd {d3pee col ums) were used as

colums and a flowrate o a colum tenperature of 40C, a

use sol vent of hqﬁFs?]f"%‘E Fmﬁm&%wmﬁ% 0 ¥} pagts by weight in the
(di f f er enpogi resinfcompbsitien of ﬂﬁqir@éhﬂh)/emﬁlhﬁad(tsﬂﬂng frids.caln the @ﬁdeﬁﬂlere the

Thernal SORBRRt g e Rl FIRRLPRM S5 Gl 4B Bre i Siaison of

Cor por at thsrpresgniiaveiondeay bta&ebje:ca&d o masofireasurethgd fiker & (@Ml 2umas
heated f Q3 @)t&eglgoc at a tenperature elevation rate of 20C mn
and was kept 120C for 60 m nutes. The neasurenent was perforned at
an air-flow ofl09H m /nin. 25Transmittance: Measurenent of Ii ght

transmittance Fie A0SwhHD %ﬂl&id@&ﬁﬁ@th%%e@ﬁéﬂ&th@‘e%@;@yor %tfo%f@l?(
a mx (0]

Hit Ltd S

et 1 he R BERAAAIS 5 A PRI LT BREHTY 4 Shsmendb e maieniphicr qgtica
rranuf act sanedorlpctdesy Japan Chemical Co. Ltd. Wth 30 regard to the
m xing ratio, [ ﬁyl hexahydr opht hal i ¢ anhydri de accounts for 70% by
wei ght (68 nol Simlarly, HNA-100 is a m xture of
met hy| nor bormrde e @sewharedbg gposy repinydmpdstiomds the present invention is used as

nor bor naﬁl?en%a%u@d rﬁ&éﬂél'& d@%ﬁlh@&aﬁa}%ﬁlﬁgﬁgﬁgexﬁﬁéom.%o]x@g@éh asa

i cal Cg]Ty thdj g he m xi n
noMERY UREops 3 ‘ieé;ﬁﬁ%d 9?9%@5%9&9%@51@@ wauenatdby thoraminy
WE| ght (m&ln@ih%caruoagm@m&wmbeﬁn&(@@mﬁ ﬁeaené Peht@svih ah cpoRRERINE

compoundi > SREPRHN SIS CERE e OLR o pcsEloBrnl; et e rmpartlsary
2- (3, 4- anpioxideytc Iamchepyd)t))estta“b}ﬂimr iandishoxy as draereaphiBing maietisl @fas both of a
ol Y TSRS LR E et 0L SRR IR I SRR o
KoH2 et gl tEBIPaAt R or sledated fgrepaIatureusingsa kneadern @dﬂI@QﬂdB{OlleﬁAﬂmgrersal
t enper atih@r, lppMatdrP hixéMe YoMBhixdreARdBobis R e b f i ng at 75C for 8
hours. After
[0066]
The optical semiconductor element such as the highly luminous white LED is
formed by adhering a semiconductor chip such as GaAs, GaP, GaAlAs, GaAsP, AlGa, InP,
30  GaN, InN, AN, or InGaN, which has been laminated on a substrate of sapphire, spinel,
8iC, i, ZnO, or the like, to a lead flame, a heat sink, or a package using an adhesive (die-
bonding material). There is a type where a wire such as a gold wire is connected for
conducting an electric current.  In order to protect the semiconductor chip from heat and
moisture and play a role of lens function, the semiconductor chip is encapsulated with an
35  encapsulating material such as an epoxy resin. The epoxy resin composition of the
present invention can be used as the encapsulating material or die-bonding material. In
view of steps, it is convenient to use the epoxy resin composition of the present invention
as both of the die-bonding material and the encapsulating material.
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the reaction, 135 parts of nmethanol was added thereto and then 25.9
parts of a 50%distilled water-nethanol solution was added dropw se
over a period of 60 mnutes, followed by further reaction under
refluxing at 75C for another 8 hours. After conpletion of the
reaction, the 'Eture was neutralized with a 5% aqueous sodi um

di hydr ogen pho'gil;g & e 10sol ution and then recovery of methanol by

distillation wasapeticr Mhaﬂin e serhfteh@@drhip foQhe mﬂb@%s,lnjg?tﬁe BSS
of M BK s added and ter was .repeated thr

s, Thom ERRES RN A Bl it ser Pl Goty e SBimpos a phihe rercnt
reduced prvessonis aaphai)m disherseh poting pvrrscregn bﬁﬁtlmnhasmhc@ncﬁjctc@)sm@es

compaind p(aBed heltBH bAd neg ERARKY: q&&ﬁgﬁéd, f@meb%ﬁgx ARG Uny DLl

resultin oun aver age m)
wei ght wadhegedsgdor epiingha deé"élr\%rQUIﬂh@m slpfaérreiltayahkghcfrﬂqucnoefsmve

[ 0077] Egﬁﬂ@llﬁegaﬁségn?ldyg@ctl on vessel were charged 50 parts of
dual - end Carblrfﬁg‘]%}éﬁ modi fied sil.icone X22-160AS (manuf actured by

Shi n- Et su Che at1@ con {uan% for pgamp aFQIgiltéﬂnSRf RREg BPQG and about 1 minute
( net hy 11 hexahyeropephetired. anlmtdhe ﬂlﬁpmﬂd rédicitigtiel el %&&%s&@l@@%g??@t@!l &@l
ene. .an Y 0
19080 et Bihg, foPRRlbICbyd Al bﬁé’ﬁ?ilgfmn‘?fﬁaﬁbz%ﬁz@%ffﬂrl3%tﬂ Rty 5
had di sab?}gaﬁ@cdtheff esteuting can bépenferatiad h2Gvios]1 A€o minutéono 1drtmuker
2 hours. After |l etion of the reaction, the solvent was 25renoved

under reduced pressure, thereby obtaining 65. 0 parts of a carboxylic
aci d conmpound ‘5@ @Idl%@e%ﬂ@ﬁ thegpepppytating meseriadranipiegtien orethodevhere the

r gsul ti mng}cgpsmmlgdnawﬁalls }}ﬁ&'tt %c¥ 193)7%032%%&1: & @hféﬁ et éﬁb@tragcgﬁﬁfllhlggl'gne
vVes S i fi S
x223%60AS§“t1ﬁ‘H%f§EgJHP§HP§§h%‘FﬁIWE SER @%@Fﬁd?f’é} tgﬁ‘ 1s CE{‘%S* tp achigvgmglding, a
ﬁf th Kﬁ@tdﬁlﬂ#b&:ﬁﬁ@n(ﬂdm’g methoe whierenthe latydapammgjmq@htﬂhaknjectembﬁdrmol@ and
ey iR, feRi st BN FRER Bh s ORI R et perPugee
When Gvosméom% m@@eameecrhuslsrr@bﬂ@d frcme theenuldoér @5 ofRiet @&GIdd HasibOGD

had di sappgared. Thereafter, the reaction was carried out for another
2 hgurs. After, conpl etion reaction, the solvent was renoved
undéf r educed A5rABdaigFEon ’E“ﬁ@’P@b%/ ISPROSEIn T HENYEr BolgiE Byetion reeldingxgn the
acid codnmunmybeﬂm&)mn'éhe wei ght - aver age nol ecul ar wei ght of the
reaction

I ti . 0079 anple 3 .Jnto a
vessel wer . char BaitEe by 903#%%}5&%05%10%%{% e hiEh RN ST
X22- 160ABe tlh@mﬂaﬂcmnpleﬂeday Shi n- Et su Cheni cal ., Ltd.), 9.9 parts
g;nllj:g/??uﬁ (]a-dszé he?u ? Eﬁ?ﬁ%ﬁ%} %}aﬁ%lp Q’{éﬁ%olgng‘?izg@%ggg%gd aPout I minute
RI KAel D tRi? @9@5@5@ Pﬁe rigde &pr tstypase Raredueiog itk &ireaﬁtwlaﬁr g@eramdcat

he>0<I ahydﬂfé@ﬁﬁdﬂﬁlgl for aﬁn}gﬂen ﬁﬁﬂg&ﬁ%@ﬁ&ﬁbrﬁﬁéd ego tbapﬁfac%ﬁﬁm gﬁ'ﬁ ééofg o
Unen’ GRS THAE ST U RSP Ened el 29aa S0 SR PORTIAS (i fhiD
VH7000 had di g¢pear ed. Thereaf ter, the 10reaction was carried out
for another 2 I the reacti.on, the ent
was removed un %?gr!rg%}d’ﬁc g{d gO?l’l?g&lr% é (R?ﬂptﬁiglyre%%ttlﬁmﬁtﬁqﬂ héﬁaﬁps ‘%/s of a
car Boxy Istractyrs, ltswmdaaﬁmqm(tmyraufm 85%6).gint isewechge 1muhm[gﬂhahtyvte cat

f th to a
react ?oﬁ?ﬁi’?ﬁs%%“gmﬁ‘?é%?ﬁ%“?y ﬁﬁ‘ﬁ%%e“?ﬁ@t g st R AR o cpring epad g
si | i con&eskEss exfmonaely higig, Lﬁpeay KpingHimnosition coptiningthecarboxyliel ar)u;l
9.2 par TcSmpBurFﬂ Gﬁﬁ@f@ld\ﬁeéﬁiﬁ%hﬁ&%@&y&' &@Ji'hhﬁslrl@s @@éﬁﬂﬂwﬁl@ons 1ncIud1r[1)g

BT 100 PRESY 5 BCEAR TR T BRI G 6! SRespRp FUBP SISk bl by
35 The optical materials means materials to be used in use applications where light
such as visible light, infrared ray, ultraviolet ray, X-ray, or laser passes through the
material. More specifically, the following may be mentioned in addition to optical
semiconductor encapsulating materials of lamp type, SMD type, and the like and optical
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20 New Japan Chemi cal Co. Ltd.), and 10 parts of toluene, and
tenperature was el evated to 130C. Wien GPC was neasured after 3

hours, the peaks of RIICACID M| and RIKACI D BT-100 had di sappear ed.
Thereafter, the reaction was carried out for anot hgr ZOIhours.OI Af'éler
conpletion of the rea the oIv nt was renpved under reduce

pr (TS) sur e, PRSI %‘)H&‘Hﬁ i)ar Y sraybeckerpbssy] mategialsdor bga grgtal
(A-4). Thkp\l@g letudinpesubgieate ﬁlaltﬁidam dptdal W@v@’lﬁdé@f prishe shcR e bbl'aﬂgmg plates,

char ged . atEaftol hlps. iRk a8 DBifcrdnl s, ArkE Ffigo e Habis it such
( manuf act P@ldrlb@t 1Spiienti vt BlonsOhshihe dike Gothe lignatl Jisplay fieldpaMareoferRhisAGap
30 HNA- 1@ eﬁ@ap@ﬁléﬁ¥ ﬁ’laféfrlaﬁo'cilg 5M%H%éﬁs,§ﬂﬁﬁél%?r§%ﬂtléé} fg@ﬁ% ﬂ&kﬁr\% %g%nals

nethylnorbornane di_car boxy |c an

Chemi cal Pegiectivedilins of ﬁf&ml@aﬁafr’?%t @FSStsébﬁi@Wé‘lg Iaﬁféfliﬂérﬁé’épﬁmﬁr for opler bDP

el evat ed (plasBicplay&ipebiRCava se Eﬂ’aﬁ@n Akt ﬁineﬁd@ﬁlﬂj’r SmoldNBate8AK t4T ED
Rl KACI D HNA- 1 [ d. tion was carrie

0..had t he re
out_for SNGPRaptE WaGr el R T RS BhS of oM s aipss phastituting
sol vent waserizbs, endadicbsives for use thuicED Wus@stritbﬁ{awm@bpﬁdzﬂ g eOAdds,

par t§, of Pﬁsrﬁ%ﬁ%é?éﬁ)la%ﬁﬂl ;ﬂatgf QBMH%I( A1 - 1emgg \éfg}gaorrec}ﬁ@&gge PSexanpl e

nol ecul a resUlt I NG ¢ ONpouUn
6 A%heéwswnfiéglaﬁlzewrpwwq msnl'@maad.deeds biquidtvaystal (BALODdisplays

of the cardasvk mn@sfﬁloﬁtogmauggnt(gﬁsékumkﬁin%%ﬂatéﬁal%mhﬁeﬂv glg t %gﬁe »

t f I co hayi an epox rou

Pﬁr Sf/n'? hﬁ?@e%ﬁ@ﬂe&en&@) fﬁﬁpq%ﬂdl Yawus filg; S)ébWtQShﬁmtw%ﬁa fiflrep phirantng
def oami nglafg Ifroﬁﬂgmsmmbetﬁutlfl@ﬁﬁ&haﬁx@rid)édhegives in ﬁe@d‘exﬁﬁ%ﬁ d‘i g@ (FED
co itio | e.sa
ottt helE e BB PTG Al s A eV B ARG AR AT R
Exanpl e BVL}- B@SW’P RAMpVIO/BID, PD (phaseArhasgodigk); dsk rsulnmrz{maaﬁenmlﬁ ﬂﬂe@ucal

bt ai ned %@l
gar boxyl ?Elg@sa?ng( Li%lrrpou’n \f\/\cr}é)g@ez anggg r olgrtlugg- I%é&ggf&’- %‘ﬁll%%wéggmrr% }_53 lg(.e'
15[ 0085] Exa An epoxy resin conposition was obtained in the
sane n’an ner aqn ltlib @tﬁﬂm&u& fﬁe?I&QHéy ffnﬁﬁbe 1eh8 nfaRdrROHOL €1 @é&h&ag cﬁﬂ?i@f’ nd

d f A-. Exanpl e
epoR T, SR SS CAEE O HAR NIRRT AAEr  NTEOVeRAEID] e
6 exceptmanhe takivg lenseb any Findera dordvidangaments. Wisrbbangedhéy @@y Be Injedion
A5 In Eléﬁsrnéglffﬁr eﬁ} s_]e[zg&??elev@f%lts H}%Xc%werfilmgo}%aﬂ a'tlrr]lg%?a%)naﬁs adgeswess

obt ai ne manner  as
and the like. They may be lens materials, encapsulatmg materials, adhesives, films, and

the like for optical sensing devices. In the optical parts field, they may be fiber materials,
25  lenses, optical waveguides, encapsulating materials for elements, adhesives, and the like in

1.

the periphery of optical switches in the optical communication system. They may be
optical fiber materials, ferrules, encapsulating materials, adhesives, and the like in the
periphery of optical connectors. In the optical receiving parts and optical circuit parts,
they may be lenses, optical waveguides, encapsulating materials for LED, encapsulating
30  materials for CCD, adhesives, and the like. They may be substrate materials, fiber
materials, encapsulating materials for elements, adhesives, and the like in the periphery of
optical electronic integrated circuits (OEIC). In the optical fiber field, they may be
illumination lamps/light guides and the like for decoration display, sensors in industrial
uses, displays/signs and the like, and optical fibers for communication infrastructure and
35  for domestic digital device connection. In the peripheral materials for semiconductor
integrated circuit, they may be resist materials for microlithography for LSI or ultra LSI
materials. In the automobile/transport aircraft fields, lamp reflectors for automobiles,
baring retainers, gear parts, corrosion-resistant coatings, switch parts, headlamps, parts in
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except that the epoxy resin in Exanple 6 was changed to ERL-4221
(3, 4- epoxycycl ohexyl nmet hyl - (3, 4- epoxy) cycl ohexyl car boxyl at e,
- manuf actured by Dow Chem cal Conpany). [0088] 30 Conparative Exanple
1 An epoxy resin conposition was obtained by mxing 841 parts of the
si | oxane conpound (B-1) having an epoxy group obtained in Synthetic
Exanpl e engicnglesisival canapqnents] dvipg enginest bRkKATHDKYHISDGf steel peigs éor
of met hylLiexah : h6]s& | yed i

Yia 16, QB B anl s i hg@er?a'f% Pgﬁ%@%ﬁ%ﬁ&g& gﬂ%%lfhrﬁél g u%:i dﬁlél l‘fé)ges,

f act d Ja Chem cal Co at
car boxy | ASTRYA1ATRS> 880 asTRRGiuiess Mogwen dhedqant be ARPloREZphElesseD
PX- 4MP (aomhnwajnoaidjcm.s aﬂ?tlirﬂiggﬁ&di_ﬁlgykﬂfg m@@glﬁ_es’stmpartmgl eflﬁ,tfbf gebrby
Ni ] I ndustri a . . ) .as a curing accelerator, an
per T of i AGLerR mal Ry it oL ekt B RaR i virdiediesn s an
epoxy r esbmoai@nmstant ovatings. obitthe metiteatureifield anteriowpmoesssing nhaterials,
Conpar at bbé@&%%,esh%e@f@%ﬁn{eﬁg%dﬁtg 1510 Pldss sESRutbS 272 TRAF Bl
Exanpl e 1 was changed to ERLS5 )
(3, 4- epoRFBRErORELEyRIFet Ry PEHAWIe Hisxyhaykd Nesppramsdilyisat és the next-
manuf act demgatin dPevaiIemosdl fukeimP¥inic HRARIS, E%aé?!i‘ﬁliyﬁbé St B Adhnent

epoxy. resi n.conposi tion was used as _an encapsu ing material for an
opt 1%l BERHEE AT, peRSRie PIHOre etV clepioats BasRmBlifieiopiclments that
obt ai nedaterlighxHgiu ceavérsion dkticas)gphClorpatainic\etenondghigtrale hateAalasthe
filled i ' L.1j L.n surface-mount e ED. on
uhi on anPabianryforinfe 30 R KB hleRad, Sen 0 ErERt s I A had
been nousdhesivesiang the lgeeci se i nj ecti on apparatus and the resin
conposi tion wgggogyred at 150C for 1 hour after pre-curing at 120C for
3 haurs, therehy éencapsul ating.the surface-nmpunted 15 LED. [0091]
Phydial Prop n ating materigly Pslude peltings dippiaecisansésryneld eaedpgilation
corrpoundﬂ)réoﬁdehgera-t&n@isto?&., rd&dieh,ﬂiF,EMﬂMiﬁg dibdes) 16, BB afdl ﬂ%@lerM’%QOO
that is a |jqui r ' ride ,as i v qfl.e
were surgisep IR BEERL COR TR0 e AR Pu o whE & W LAEERD chips ana
Pr oDer t yth¥dike, enEapenatiphat ounting of IC packages such as BGA and CSP (underfill for
reinforcement), and the like.
20 [0072]

As other use applications of the optical materials, there may be mentioned general

use applications where epoxy resin compositions are used. For example, there may be
mentioned adhesives, paints, coatings, molding materials (including sheets, films, FRP, and
the like), insulating materials (including printed boards, electric wire coverings),

25  encapsulating agents, and also additives for other resins and the like.  As the adhesives, in
addition to adhesives for civil engineering, architecture, automobiles, general office works,
and medical uses, adhesives for electronic materials may be mentioned. Of these, as the
adhestves for electronic materials, there may be mentioned interlayer adhesives of
multilayer substrates such as build-up substrates, die-bonding agents, semiconductor

30  adhesives such as underfill, underfill for BGA reinforcement, anisotropic conductive films
(ACF), adhesives for mounting such as anisotropic conductive pastes (ACP), and the like.
Particularly, the optical materials arc extremely excellent as curing agents of epoxy resins
for encapsulation of optical semiconductors such as highly luminous white LED since
cured products obtained therefrom are excellent in transparency.  As the other use

35  applications, the optical materials are useful as raw materials and modifying agents of
polyimide resins and the like, plasticizers, raw materials for lubricant oils, isocyanate resin
compositions for substrates, additives for other resins, raw materials for resins for paints,

resins for toners, and intermediates for medicaments and pesticides.
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Exam pie 2 Exam pie 3 Exam pie 4 Exam ple 5 Conpar- ative Exam
ple 1,2 Conpound Wi ght-average nol ecul ar wei ght Acid val ue (ngKOH g)
Viscosity (25C, Pa.$) Transnmittance (% 400 nn) Thernmal wei ght
decrease (%9 A-1 1700 80 0.75 98 -1.1 A-2 1700 81 0.11 98

10

15

20

25

30

35

Examples

[0073]

The following will describe the present invention in more detail with reference to
Examples but the present invention is not limited to these Examples. In the following,
"parts” means parts by weight and "%" means % by weight. Moreover, measurement
methods for tests in Examples are as follows.

[0074]

Epoxy equivalent: It was measured by the method described in JIS K-7236.

Acid value: It was measured using an AT-610 type potentiometric titration
apparatus of Kyoto Electronics Manufacturing Co. Ltd.  Specifically, a measurement
sample was dissolved in methyl ethyl ketone or ethanol and was titrated with a 0.1 mol/L
aqueous sodium hydroxide solution.

Viscosity: It was measured at 25°C using an E-type viscometer.

Weight-average-molecular weight: It was measured using a GPC (gel permeation
chromatography) manufactured by Shimadzu Corporation. A guard column SHODEX
GPC LF-G LF-804 (three columns) were used as columns and a flow rate of 1.0 ml/min, a
column temperature of 40°C, a use solvent of THF (tetrahydrofuran), and a detector of RI
(differential refractometer detector) were used. For calibration curves, standard
polystyrenes manufactured by Shodex were used.

Thermal weight decrease: Using TG/DTA 6200 manufactured by Shimadzu
Corporation, a weight decrease ratio was measured after a sample was heated from 30°C to
120°C at a temperature elevation rate of 20°C/min and was kept at 120°C for 60 minutes.
The measurement was performed at an air-flow of 200 ml/min.

Transmittance: Measurement of light transmittance at 400 nm was performed
using U-3300 manufactured by Hitachi, Ltd.

[0075]

MH700G used in Examples is a mixture of methylhexahydrophthalic anhydride
and hexahydrophthalic anhydride manufactured by New Japan Chemical Co. Ltd. With
regard to the mixing ratio, methylhexahydrophthalic anhydride accounts for 70% by
weight (68 mol%).

Similarly, HNA-100 is a mixture of methylnorbornane-2,3-dicarboxylic anhydride
and norbornane-2,3-dicarboxylic anhydride manufactured by New Japan Chemical Co.
Ltd. With regard to the mixing ratio, methylnorbornane-2,3-dicarboxylic anhydride
accounts for 80% by weight (79 mol%).

[0076]

Synthetic Example 1 (Synthesis of condensate of silicon compound having epoxy group
and the other silicon compound)
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Into a reaction vessel were charged 59.1 parts of 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, 130.6 parts of polydimethyldiphenylsiloxane
having a silanol group whose molecular weight was 1,700 (measured value on GPC), and
10.0 parts of a 0.5% KOH methanol solution, and temperature was elevated to 75°C.

After temperature elevation, they were reacted under refluxing at 75°C for 8 hours. After
the reaction, 135 parts of methanol was added thereto and then 25.9 parts of a 50% distilled
water-methanol solution was added dropwise over a period of 60 minutes, followed by
further reaction under refluxing at 75°C for another 8 hours.  After completion of the
reaction, the mixture was neutralized with a 5% aqueous sodium dihydrogen phosphate
solution and then recovery of methanol by distillation was perfofmed at 80°C. Thereafter,
for washing, 170 parts of MIBK was added and then washing with water was repeated
three times. Then, the organic phase was subjected to solvent removal under reduced
pressure at 100°C, thereby obtaining 162 parts of a siloxane compound (B-1) having an
epoxy groups. The epoxy equivalent of the resulting compound was 707 g/eq., the
weight-average molecular weight was 2,680, and the appearance was transparent and
colorless.

[0077]

Example 1
Into a reactton vessel were charged 50 parts of dual-end carbinol-modified silicone

X22-160AS (manufactured by Shin-Etsu Chemical Co., Ltd.), 15.4 parts of RIKACID MH
(methylhexahydrophthalic anhydride manufactured by New Japan Chemical Co. Ltd.), and
10 parts of toluene, and temperature was elevated to 130°C.  When GPC was measured
after 3 hours, the peak of RIKACID MH had disappeared. Thereafter, the reaction was
carried out for another 2 hours.  After completion of the reaction, the solvent was
removed under reduced pressure, thereby obtaining 65.0 parts of a carboxylic acid
compound (A-1). The weight-average molecular weight of the resulting compound was
1,700.

[0078]
Example 2

Into a reaction vessel were charged 50 parts of dual-end carbinol-modified silicone
X22-160AS (manufactured by Shin-Etsu Chemical Co., Ltd.), 16.8 parts of RIKACID
MH700G (a mixture of methylhexahydrophthalic anhydride and hexahydrophthalic
anhydride manufactured by New Japan Chemical Co. Ltd.), and 10 parts of toluene, and
temperature was elevated to 130°C.  When GPC was measured after 3 hours, the peak of
RIKACID MH700G had disappeared. Thereafter, the reaction was carried out for another
2 hours. After completion of the reaction, the solvent was removed under reduced
pressure, thereby obtaining 66.8 parts of a carboxylic acid compound (A-2). The weight-
average molecular weight of the resulting compound was 1,700.
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130°C.  'When GPC was measured after 3 hours, the peaks of RIKACID MH and
RIKACID BT-100 had disappeared. Thereafter, the reaction was carried out for another 2
hours. ~ After completion of the reaction, the solvent was removed under reduced pressure,
thereby obtaining 63.0 parts of a carboxylic acid compound (A-4). The weight-average
25  molecular weight of the resulting compound was 4,640.
[0081]
Example 5
Into a reaction vessel were charged 50 parts of dual-end carbinol-modified silicone
X22-160AS (manufactured by Shin-Etsu Chemical Co., Ltd.), 17.0 parts of RIKACID
30 HNA-100 (a mixture of norbornane-2,3-dicarboxylic anhydride and methylnorbornane-
2,3-dicarboxylic anhydride manufactured by New Japan Chemical Co. Ltd.), and 10 parts
of toluene, and temperature was elevated to 130°C.  When GPC was measured after 3
hours, the peak of RIKACID HNA-100 had disappeared. Thereafter, the reaction was
carried out for another 2 hours. After completion of the reaction, the solvent was
35  removed under reduced pressure, thereby obtaining 66.8 parts of a carboxylic acid
compound (A-5). The weight-average molecular weight of the resulting compound was
1,730.
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[0082]
Example 6

An epoxy resin composition was obtained by charging 100 parts of the carboxylic
acid compound (A-1) obtained in Example 1 and 108 parts of the siloxane compound (B-1)
having an epoxy group obtained in Synthetic Example 1 as an epoxy resin, mixing them,
and performing defoaming for 20 minutes.

[0083]
Example 7

An epoxy resin composition was obtained in the same manner as in Example 6
except that the carboxylic acid compound was changed from A-1 to A-2 in Example 6.

[0084]

Example 8
An epoxy resin composition was obtained in the same manner as in Example 6

except that the carboxylic acid compound was changed from A-1 to A-3 in Example 6.
[0085]

Example 9

An epoxy resin composition was obtained in the same manner as in Example 6
except that the carboxylic acid compound was changed from A-1 to A-4 in Example 6.

[0086]
Example 10

An epoxy resin composition was obtained in the same manner as in Example 6
except that the carboxylic acid compound was changed from A-1 to A-5 in Example 6.

[0087]
Example 11

An epoxy resin composition was obtained in the same manner as in Example 6
except that the epoxy resin in Example 6 was changed to ERL.-4221 (3,4-
epoxycyclohexylmethyl-(3,4-epoxy)cyclohexylcarboxylate, manufactured by Dow
Chemical Company).

[0088]
Comparative Example 1

An epoxy resin composition was obtained by mixing 841 parts of the siloxane
compound (B-1) having an epoxy group obtained in Synthetic Example 1 as an epoxy
resin, 100 parts of RIKACID MH700G (a mixture of methylhexahydrophthalic anhydride
and hexahydrophthalic anhydride manufactured by New Japan Chemical Co. Ltd.) that is a
liquid carboxylic anhydride as an epoxy resin curing agent, and 0.8 parts of PX-4MP (a
phosphonium salt-based curing accelerator, manufactured by Nippon Chemical Industrial
Co., Ltd.) as a curing accelerator, and performing defoaming for 20 minutes.
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[0089]
Comparative Example 2

An epoxy resin composition was obtained in the same manner as in Comparative
Example 1 except that the epoxy resin in Comparative Example 1 was changed to ERL-
4221 (3,4-epoxycyclohexylmethyl-(3,4-epoxy)cyclohexylcarboxylate, manufactured by
Dow Chemical Company).

[0090]
Example in which an epoxy resin composition was used as an encapsulating material for an
optical semiconductor

Each of the curable resin compositions obtained in Examples 6 to 11 and
Comparative Examples 1 to 2 was filled into a syringe and injected into a surface-mounted
LED on which an emission element having an emission wavelength of 405 nm had been
mounted using a precise injection apparatus and the resin composition was cured at 150°C
for 1 hour after pre-curing at 120°C for 3 hours, thereby encapsulating the surface-mounted
LED.

[0091]
Physical Property Test

Properties of the carboxylic acid compounds A-1 to A-5 obtained in Examples 1 to
5 and RIKACID MH700G that is a liquid carboxylic anhydride as a comparative example
were summarized in Table 1.

[0092]
[Table 1]
Table 1 Physical Property Test
Compar-
Exam- Exam- | Exam- | Exam- | Exam- ative
ple 1 ple 2 ple 3 ple 4 ple s Exam-
plel,2
Compound A-1 A-2 A-3 A-4 A-5 MH700G
Weight-average molecular |\ 1750 | 1760 [ 1900 | 4640 | 1730 ;
weight
Acid value (mgKOH/g) 80 81 116 81 80 -
Viscosity (25°C, Pa-s) 0.75 0.11 13 5.01 0.85 0.06
7 0,
I;f)nsm‘“a“"e (%, 400 98 08 08 08 98 99
(nermal weight decrease | 4| 45 | o5 | -2 | 13 42.8
)
[0093]

MH700G: a mixture of methylhexahydrophthalic anhydride and hexahydrophthalic
anhydride manufactured by New Japan Chemical Co. Ltd.
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are shown in Table 2. The tests in Table 2 were performed as follows.
[0095]
(1) Cured Product Transmittance;

After each of the epoxy resin compositions obtained in Examples 6 to 11 and
Comparative Examples 1 to 2 was subjected to vacuum defoaming for 20 minutes, it was
poured onto a glass substrate on which a dam had been formed with a heat-resistant tape so
as to be 30 mm x 20 mm x 1 mm height. The poured article was cured at 150°C for 1
hour after pre-curing at 120°C for 3 hours, thereby obtaining a test piece for transmittance
having a thickness of 1 mum.

(2) Dent Test;

After each of the epoxy resin compositions obtained in Examples 6 to 11 and
Comparative Examples 1 to 2 was subjected to vacuum defoaming for 20 minutes, it was
filled into a syringe and injected into a surface-mounted LED on which an emission
element having an emission wavelength of 405 nm had been mounted using a precise
injection apparatus so that an opening part became flat and the resin composition was
cured at 150°C for 1 hour after pre-curing at 120°C for 3 hours, thereby encapsulating the
surface-mounted LED. The presence of dents on the resin surface in association with
vaporization of the curing agent after thus encapsulated was visually evaluated. In the
table, Good means that no dents are observed, Moderate means that dents are slightly
observed, and Bad means that many dents are observed.

(3) Surface tackiness;

A test piece the same as in the above test for cured product transmittance was
prepared and surface tackiness (surface stickiness) of the test piece was confirmed by
finger touch. In the table, Good means that no stickiness is observed and Bad means that

stickiness is observed.

31



15Whi l e the present
reference to specific enbodi nents thereof,

i nventi on has been descri bed i n detai

t will

and
be apparent

W t h
to one

skilled in the art that various changes and nodifications can be made
therein without departing fromthe spirit and scope thereof
The present application is based on Japanese Patent Application No.
2008- 324305 20fd09éH on Decemnber

I ncor por

1

ol P

rein by reference.

Al so,

al |

19, 2008, and the contents are

the references cited

herein are 1 ncorporated as a whole. Cdainms [Claim1]A carboxylic
aci d conpahled (Ryalyafion Feshl e by an addition reactjon of a silicone
conpound (a) represented by the follo ing formulal (1): [5f@hem | Xompar-
R2ZR2R2 | HO - Ri - Si |OExagj--| Ex@n- REx (Bxpmt | ERRR2| Bkear-¢i natiRe ative
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(1) Cured product
ransmittance (%) | 1 91 91 91 91 91 92 91
(2) Dent Good | Good | Good | Good | Good | Good Bad Bad
(3) Surface Good | Good | Good | Good | Good | Good | Bad Good
5 [0097]

As apparent form the results shown in Table 1, a large thermal weight decrease
was observed under a condition of 120°C in the case of RIKACID MH700G of
Comparative Example but weight decrease was hardly observed in the case of the

carboxylic acid compounds A-1 to A-5 of Examples 1 to 5 although they are liquid.

10

Moreover, as apparent from the results shown in Table 2, many dents of the cured products

were observed in Comparative Examples 1 to 2 but dents were hardly observed in

Examples 6 to 11, further the transmittance of the cured products were excellent, and no

surface stickiness was observed.

15

[0098]

While the present invention has been described in detail and with reference to

specific embodiments thereof, it will be apparent to one skilled in the art that various

changes and modifications can be made therein without departing from the spirit and scope
thereof.

20

The present application is based on Japanese Patent Application No. 2008-324305

all the references cited herein are incorporated as a whole.
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filed on December 19, 2008, and the contents are incorporated herein by reference.
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R2/ R2 R2 -Si-Si-OH (1) | R2\ R

Claims

[Claim 1] A carboxylic acid compound (A) obtainable by an addition reaction of a
silicone compound (a) represented by the following formula (1):
5 [Chem. 1]

wherein R; represents an alkylene group having 1 to 10 carbon atoms in total which may
contain an ether group, R; represents a methyl group or a phenyl group, and n represents
from 1 to 100 as an average value, respectively,
10 with a compound having one or more carboxylic anhydride group in the molecule,
wherein the compound having one or more carboxylic anhydride group in the
molecule is at least one selected from compounds (c) represented by the following
formulae (3) to (5):

[Chem. 2]
0 O
HyC—— o (3 SEENC)
0O 0]
O
HsC—— o (&
o
15
[Claim 2] A carboxylic acid compound (A) obtainable by an addition reaction of a

silicone compound (a) represented by the following formula (1):
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R2 wherein Rl represents an al kyl ene group having 1 to 10 carbon
atons in total which may contain an ether group, R2 represents a

nmet hyl group or a phenyl group, and n represents 5from1 to 100 as an
average val ue, respectively, with a conpound havi ng one or nore

car boxyli¢.anhydride group in the nol ecul e, wherein the conpound

havi ng ort h%‘ln-%]ore carboxylic anhydride group in the nolecule is the
conpound represented by the formula (3): [Chem 4] 10 (3) [daim
3] An epoxy resin cFri g ﬁg nt gontaining the carboxylic acid conmpound
(A) according to c]"é m1,0n 2 a}ﬁd a curing accel erator. 15[ C ai.m 4] An..
epoxy resi NHOeRARPSEiH-0R—ERRa-Bi-Re, Lbe car box(ﬂpc acid conmpound (A)
according to claimllior 2 gr the epoxy resin cufing agent according
to claim3 and an Bpaxy Regjn. Red ai m 5] The epoxy resin conposition
according to claim4, wherein epoxy 20equival ent of the epoxy resin
is from400 to 1,500 g/eq. and wei ght-average nol ecul ar weight is
from1,500 to 10,000. | d aim 6] The epoxy resin conposition according
ool al mPRETahBy BREsel IO ay Hats h i Hhewot A is tofal which may
encapsul abntaig ametisrrigadurf, &, reprticned a metiyLgodpiof %Eﬁeny_i? 2rdupl aidw fdpidients
SPOXYs T eth LIRS0 AEEYafleNsh i@l M o wherel n use of the
epoxy resin conposition 1S a die- hdi nlﬁ material for optical

seni cond#éth@repmpouat havingjoae oumete earbalydic anhydrive gepaxin the siodecule,

conposi ti on ackRéreinte ESmBRMdIRR IR orfe! RnifRe FarbOxylic anhydride group in the

molecule is the compound represented by the formula (3):

[Chem. 4]
O
ch‘—'— 0 (3)
10 ©
[Claim 3} An epoxy resin curing agent containing the carboxylic acid compound (A)
according to claim I or 2 and a curing accelerator.
15 [Claim 4] An epoxy resin composition containing the carboxylic acid compound (A)

according to claim 1 or 2 or the epoxy resin curing agent according to claim 3 and an
epoxy resin.

[Claim 5] The epoxy resin composition according to claim 4, wherein epoxy
20  equivalent of the epoxy resin is from 400 to 1,500 g/eq. and weight-average molecular
weight is from 1,500 to 10,000.

[Claim 6] The epoxy resin composition according to claim 5, wherein use of the
epoxy resin composition is an encapsulating material for optical semiconductors.

25
[Claim 7] The epoxy resin composition according to claim 5, wherein use of the
€poxy resin composition is a die-bonding material for optical semiconductors.
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[Claim 8] A cured product of the epoxy resin composition according to any one of
claims 4 to 7.
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